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1. Introduction
The scope given in the Rel-18 NR Evolved MIMO WID pertaining to CSI enhancement is as follows:
	1. Study, and if justified, specify CSI reporting enhancement for high/medium UE velocities by exploiting time-domain correlation/Doppler-domain information to assist DL precoding, targeting FR1, as follows:
· Rel-16/17 Type-II codebook refinement, without modification to the spatial and frequency domain basis
· UE reporting of time-domain channel properties measured via CSI-RS for tracking
4. Study, and if justified, specify enhancements of CSI acquisition for Coherent-JT targeting FR1 and up to 4 TRPs, assuming ideal backhaul and synchronization as well as the same number of antenna ports across TRPs, as follows:
a. Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off



2. Summary of companies’ views 

Issue 1: CJT

	
Proposal 1.A.1: On the Parameter Combination of Type-II codebook refinement for CJT mTRP, for Rel-17 FeType-II based, the only following linkages (marked ‘x’) are supported:

	NTRP
	 combination
	M=1
	M=2

	
	
	=1/2 
	=3/4
	=1
	=1/2 
	=3/4

	2
	{1/2,1/2}
	x
	
	
	x
	

	
	{1/2,1}, {1,1/2}
	x
	
	
	
	

	
	{3/4,3/4}
	
	x
	
	
	

	
	{1,1}
	
	x
	
	x
	

	3
	{1/2, 1/2, 1/2}
	x
	
	
	x
	

	
	{1/2, 1/2, 3/4}, and its permutations
	x
	
	
	
	

	
	{1/2, 1/2, 1}, and its permutations
	
	x
	
	x
	

	
	{1, 1, 1}
	
	x
	
	
	x

	

4


	{1/2, 1/2, 1/2, 1/2}
	x
	
	
	
	

	
	{1/2, 1/2, 1/2, 1} 
	x
	
	
	
	

	
	{1/2, 1/2, 1, 1} 
	
	x
	x
	x
	

	
	{1, 1, 1, 1}
	
	
	x
	
	



Proposal 1.A.1:
· Support/fine: Huawei/HiSi, ZTE, Nokia/NSB, Samsung, Google, vivo (no permutation for NTRP=4), NEC, LG, CATT, NTT DOCOMO, CMCC, Fujitsu, Qualcomm, Apple
· Not support:


	
Proposal 1.B.1: For the Rel-18 Type-II codebook refinement for CJT mTRP, on PDSCH EPRE assumption for CQI calculation, the UE can assume that the PDSCH EPRE follows a commonly configured powerControlOffset value for all the N selected CSI-RS resources
· Note: For CSI calculation, the combined precoder across N selected (out of the configured NTRP) CSI-RS resources is normalized for each layer and the transmitted PDSCH across N selected (out of the configured NTRP) CSI-RS resources will be used in CSI calculation (up to the editor)
· Note: This doesn’t restrict how NW configures powerControlOffset for each CSI-RS resource in general. It pertains to UE assumption on CQI calculation for the CSI-RS resources used in the same CSI reporting setting for Rel-18 Type-II CJT 

Proposal 1.B.1:
· Support/fine: Samsung, AT&T, Apple, MediaTek, ZTE, Lenovo/MotM, Qualcomm, vivo (2nd), Fraunhofer IIS/HHI, NTT DOCOMO, Ericsson, OPPO, Huawei/HiSi, CMCC, Intel, Fujitsu, Xiaomi, LG, CATT, NEC, Spreadtrum, Nokia/NSB, Sharp, Google, IDC
· Not support:


	
Proposal 1.C.1: For the Rel-18 Type-II codebook refinement for CJT mTRP, regarding the CPU occupation: OCPU = X.NTRP where 
· X≥1 when NTRP>1, is defined based on UE capabilities and determined by the UE
· FFS: Whether the supported value(s) of X are common or can depend on the value of NTRP, NL, total sum of {Ln}, and/or other CJT features (e.g. dynamic TRP selection)
· The legacy specification on CPU pools is fully reused
· Note: When NTRP=1 is configured, legacy OCPU applies, i.e. OCPU =1  

Proposal 1.C.1:
· Support/fine: MediaTek, vivo, Qualcomm, Samsung, Ericsson, Nokia/NSB, Huawei/HiSi, Spreadtrum, Lenovo/MotM, Apple, CATT, ZTE, Google, NEC, Intel, CMCC, LG (w/o +1), OPPO (w/o +1), NTT DOCOMO (w/o +1), IDC, Fujitsu, Spreadturm (w/o +1), Xiaomi, Fraunhofer IIS/HHI, AT&T
· Not support: 


	
Proposal 1.C.2: For the Rel-18 Type-II codebook refinement for CJT mTRP, regarding Z/Z’:
· For NTRP=1: reuse legacy Z/Z’ values
· For NTRP>1, introduce two UE capabilities:
· Capability 1: Reuse legacy Z/Z’ values
· Capability 2: Legacy Z/Z’ values + r  
· The value(s) of r>0 can depend on the configured NTRP value
· FFS: exact value(s) of r
Note: Since this pertains Type-II, the relevant values are Z2/Z2’

Proposal 1.C.2:
· Support/fine: ZTE, vivo, Samsung, NTT DOCOMO, Nokia/NSB, Ericsson, Huawei/HiSi, MediaTek, Lenovo/MotM, Google, Apple, CATT, Intel, NEC, LG, OPPO, CMCC, IDC, AT&T, Fujitsu, Spreadtrum, Xiaomi, Qualcomm, Fraunhofer IIS/HHI,
· Not support: 


	
Proposal 1.C.3: For the Rel-18 Type-II codebook refinement for CJT mTRP, regarding the counting of active resources, reuse legacy definition and resource counting mechanism for active resources

Proposal 1.C.3:
· Support/fine: ZTE, vivo, Samsung, NTT DOCOMO, Nokia/NSB, Ericsson, Huawei/HiSi, MediaTek, CATT, Intel, Lenovo/MotM, Google, NEC, LG, OPPO, CMCC, IDC, Fujitsu, Spreadtrum, Xiaomi, Qualcomm, Fraunhofer IIS/HHI, AT&T, Apple
· Not support:


	
Proposal 1.E.1: On the Type-II codebook refinement for CJT mTRP, for mode-1, the selected value of each of the (N – 1) layer-common FD basis selection offset , assuming its full range of values, is indicated as follows:
· Basic feature: a -bit indicator
· Optional feature: a -bit indicator
Proposal 1.E.1:
· Support/fine: ZTE, Samsung, Lenovo/MotM, Google, vivo, Intel, Ericsson, LG, Huawei/HiSi, CATT, NTT DOCOMO, CMCC, Nokia/NSB, IDC, AT&T, Fujitsu, Spreadtrum, Xiaomi, Qualcomm, Fraunhofer IIS/HHI, Apple
· Not support: 


	
Proposal 1.E.2: On the Type-II codebook refinement for CJT mTRP, for mode-1, the (N – 1) layer-common FD basis selection offset values  are located in G1 of UCI part 2

Proposal 1.E.2: 
· Support/fine: Samsung, ZTE, Google, vivo, Intel, NEC, LG, OPPO, CATT, NTT DOCOMO, CMCC, Fujitsu, Huawei/HiSi (ok), Xiaomi, Qualcomm, Fraunhofer IIS/HHI, AT&T, Ericsson (ok), Apple, Nokia/NSB (ok), Lenovo/MotM (ok), Google (ok)
· Not support: [IDC, Spreadtrum]


	
Conclusion 1.E.3: On the Type-II codebook refinement for CJT mTRP, for mode-1, there is no consensus in introducing an additional (RRC configurable) restriction on the values (range of values) of . 

FL Note: The conclusions are based on the fact/reality that there is no consensus hence the implication follows whether one can accept (cope with) reality (that no consensus means no support) or not.


	
Proposal 1.D.1: On the Type-II codebook refinement for CJT mTRP, revert the following working assumption: 
· Working assumption: Alt3 is supported in addition to Alt1 (to be confirmed in RAN1#111)
· (Alt3). One group comprises one polarization for one CSI-RS resource with a common phase reference across N CSI-RS resources (Cgroup,phase=1, Cgroup,amp=2N)
· For each of the (2N–1) amplitude groups (other than the group associated with the SCI), the reference amplitude is reported


Proposal 1.D.1:
· Support/fine (want to revert WA): vivo, Samsung, OPPO, MediaTek, Fraunhofer IIS/HHI, Apple, DOCOMO, Intel, Nokia/NSB, Ericsson, Sharp, Google, Sony, AT&T
· Not support (want to confirm WA): ZTE, Spreadtrum, CATT, LG, Huawei/HiSi, Lenovo/MotM, Fujitsu, NEC, Xiaomi, 


FL Note: Just as what we did in RAN1#110bis-e, this has to be decided based on empirical evidence (i.e. SLS results). Per agreement this needs to be concluded in this meeting. Since the WA was made conditioned upon the benefit of Alt3 over Alt1
· If there is no confirmed benefit from Alt3 over Alt1 in the alleged scenarios (inter-site CJT, 500m ISD), the WA should be reverted (hence no support of Alt3). 
· Otherwise, confirmed as an agreement. 
The available SLS results are summarized as follows for the alleged “missing” scenarios from Alt3 proponents in RAN1#110bis-e (500m ISD or larger, inter-site CJT):
· “Notable” (small in FL perspective) gain: Huawei (2-3% mean UPT), ZTE (0.2-1.2% mean UPT)
· No demonstrable gain (resimulated with agreed mode-1): Samsung, vivo, MediaTek





Issue 2: Doppler

	
Proposal 2.A.1: For the Type-II codebook refinement for high/medium velocities based on Rel-17 FeType-II port selection codebook, the legacy Parameter Combinations are fully reused.

[bookmark: _GoBack]Proposal 2.A.1:
· Support/fine: ZTE, Huawei/HiSi, Xiaomi, OPPO, Samsung, Nokia/NSB, Lenovo/MotM, Google, vivo, Ericsson, NEC, LG, CATT, CMCC, IDC, Fujitsu, Qualcomm, Fraunhofer IIS/HHI, Apple
· Not support:


	
Conclusion 2.B.1: For the Rel-18 Type-II codebook refinement for high/medium velocities, regarding CSI calculation and measurement, there is no consensus in supporting the following additional assumption on PDSCH EPRE assumption for CQI calculation:
· Alt 2: The assumed PDSCH EPRE of all the K CSI-RS resources follows the configured powerControlOffset value of one fixed CSI-RS resource, e.g. the first one

FL Note: The conclusions are based on the fact/reality that there is no consensus hence the implication follows whether one can accept (cope with) reality (that no consensus means no support) or not.


	
Proposal 2.C.1: For the Rel-18 Type-II codebook refinement for high/medium velocities, regarding the CPU occupation: OCPU = Y.N4 [+4] when P/SP-CSI-RS is configured for CMR, or  OCPU = Y.K  when AP-CSI-RS is configured for CMR
· Y≥1 [when N4>1,] is defined based on UE capabilities and determined by the UE, and can be different between P/SP-CSI-RS and AP-CSI-RS. [Else, Y=1 when N4=1]
· FFS: Whether the supported value(s) of Y can depend on codebook parameter values
· The legacy specification on CPU pools is fully reused

Proposal 2.C.1:
· Support/fine: MediaTek, vivo, Qualcomm (with +4), Samsung, Ericsson, Nokia/NSB, Huawei/HiSi, Spreadtrum, Xiaomi, Lenovo/MotM, Apple, Google, CATT, NEC, CMCC, LG (w/o +4), OPPO (w/o +4), Intel (w/o +4), IDC, Fujitsu, Spreadtrum (w/o +4), Fraunhofer IIS/HHI,
· Not support: Apple (Y=1 when N4=1 not acceptable)


	
Proposal 2.C.2: For the Rel-18 Type-II codebook refinement for high/medium velocities, regarding Z/Z’
· For N4=1: reuse legacy Z’ values
· For N4>1, introduce two UE capabilities:
· Capability 1: Reuse legacy Z’ values
· Capability 2: Legacy Z’ values + r  
· The value(s) of r>0 can depend on the configured N4 value
· FFS: exact value(s) of r
· [For AP CSI-RS: Z=Z’+14.(K–1).m
· Note: Z’ corresponds to the value of Rel-18 according to above and serves as a lower bound for discussion purposes (since Z’ is not applicable for P/SP CSI-RS)
· For P/SP CSI-RS: Z=Z’+w where w>0
· TBD: Value of w
· Note: Z’ corresponds to the value of Rel-18 according to above and serves as a lower bound for discussion purposes (since Z’ is not applicable for P/SP CSI-RS)]
Note: Since this pertains Type-II, the relevant values are Z2/Z2’

Proposal 2.C.2:
· Support/fine: ZTE, vivo, MediaTek, Samsung, Nokia/NSB, Ericsson, Qualcomm, Google, NEC, CATT, CMCC, Fujitsu, Spreadtrum, Xiaomi, Huawei/HiSi, Apple
· Not support: LG (the last 2 bullets should be legacy Z+r), OPPO (same as LG),


	
Proposal 2.C.3: For the Rel-18 Type-II codebook refinement for high/medium velocities, 
· for AP CSI -RS, reuse legacy definition and counting mechanism for active resources
· for P/SP CSI-RS, one resource is counted as occupying KP ≥1 active resource(s)
· TBD: the value of KP , e.g. N4, fixed value, or according to UE capability

Proposal 2.C.3:
· Support/fine: ZTE, vivo, MediaTek, Samsung, Nokia/NSB, Ericsson, Huawei/HiSi, Qualcomm, Google, NEC, OPPO, Intel, CATT, CMCC, IDC, Fujitsu, Spreadtrum, Xiiaomi, Fraunhofer IIS/HHI, Apple 
· Not support:


	
Conclusion 2.C.4: For the Type-II codebook refinement for high/medium velocities, regarding CSI measurement to facilitate UE-side prediction, when AP-CSI-RS is configured, there is no consensus in prohibiting the utilization of CSI-RS occasion(s) before CSI triggering 

FL Note: The conclusions are based on the fact/reality that there is no consensus hence the implication follows whether one can accept (cope with) reality (that no consensus means no support) or not.





Issue 3: TDCP

	
Proposal 3.B.1: For the Rel-18 TRS-based TDCP reporting, regarding the quantization of wideband normalized amplitude value, further down-select (by RAN1#113) from the following candidates:
· Alt1: N=2Q-1 where Q=5, s=1/3  
· Alt3: N=2Q where Q=4, s=½
FFS: Whether further overhead reduction is needed for Y>1

Proposal 3.B.1:
· Support/fine: Google, MediaTek, ZTE, Ericsson (s=1/4, 1/3), Xiaomi, Lenovo/MotM, vivo, LG, NEC, Samsung, Nokia/NSB, NTT DOCOMO, Sharp, Google, Huawei/HiSi, CMCC, IDC
· Not support:


	
Conclusion 3.B.2: For the Rel-18 TRS-based TDCP reporting, regarding the quantization of wideband normalized amplitude value, there is no consensus on supporting a configurable center threshold


Conclusion 3.B.3: For the Rel-18 TRS-based TDCP reporting, regarding the quantization of wideband normalized amplitude value, there is no consensus on supporting different schemes for different use cases. Therefore, only one scheme is supported

FL Note: The conclusions are based on the fact/reality that there is no consensus hence the implication follows whether one can accept (cope with) reality (that no consensus means no support) or not.


	
Proposal 3.C.1: For the Rel-18 TRS-based TDCP reporting, regarding the quantization of phase value, further down-select (by RAN1#113) from the following candidates (where  denotes delay):
· Alt3. A given correlation phase value  is quantized to  based on the 4-bit (16-PSK) uniform quantization (full reuse of Rel-16 eType-II W2 phase quantization)
· Alt5. A given correlation phase value  is quantized to  based on the following size-16 alphabet: 
FFS: Whether further overhead reduction is needed for Y>1

Proposal 3.C.1:
· Support/fine: Google, MediaTek, Lenovo/MotM, vivo, Huawei/HiSi, Fujitsu, LG, Xiaomi, NEC, ZTE, Ericsson, Samsung, Nokia/NSB, NTT DOCOMO, Sharp, OPPO, Qualcomm,CMCC, IDC
· Not support:


	
Conclusion 3.D.1: For the Rel-18 TRS-based TDCP reporting, regarding the value of parameter Y, there is no consensus in supporting Y=7

FL Note: The conclusions are based on the fact/reality that there is no consensus hence the implication follows whether one can accept (cope with) reality (that no consensus means no support) or not.


	
Proposal 3.D.4: For the Rel-18 TRS-based TDCP reporting, regarding the value of parameter D, the value of D is explicitly configured by the NW via RRC signalling
· Note: this implies that dynamic change of delay for aperiodic TRS resource set is not supported
Proposal 3.D.4:
· Support/fine: Qualcomm, ZTE, Samsung, Lenovo/MotM, vivo, Ericsson, LG, OPPO, Intel (with the Note), Huawei/HiSi, CATT, CMCC, IDC, Fujitsu, Xiaomi, Apple
· Not support:


	
Proposal 3.E.1: For the Rel-18 TRS-based TDCP reporting, the normalized amplitude for the 1st delay is placed in UCI part 1. 
· Note: This doesn’t imply that two-part UCI is utilized for TDCP reporting (which is aperiodic)
Proposal 3.E.1:
· Support/fine: ZTE, Samsung, Lenovo/MotM, Google, vivo, Ericsson, OPPO, CATT, Qualcomm, CMCC, IDC, Fujitsu, Xiaomi, Apple
· Not support:


	
Proposal 3.E.2: For the Rel-18 TRS-based TDCP reporting,
· When Y>1 is supported and the value of Y is configured to be >1, the (Y–1) normalized amplitudes for the 2nd, …, and Yth delays are placed in UCI part 1
· When phase reporting is supported and switched ON, the Y phases are placed in UCI part 1
· Note: This doesn’t imply that two-part UCI is utilized for TDCP reporting (which is aperiodic)
Proposal 3.E.2:
· Support/fine: ZTE, Google, vivo, Ericsson, OPPO, Huawei/HiSi, CMCC, IDC, Fujitsu, Xiaomi, Qualcomm, Apple, Nokia/NSB, MediaTek, Lenovo/MotM
· Not support: Samsung






2.1 Issue 1: Type-II codebook refinement for CJT 

Table 1A Summary: issue 1 
	#
	Issue
	Companies’ views

	1.1
	[112bis-e] Agreement
On the Parameter Combination of Type-II codebook refinement for CJT mTRP, for Rel-17 FeType-II based, 
· For =1, the Rel-17 legacy Parameter Combination is fully reused
· Regarding the combinations {M, }, it is proposed to reuse the legacy as below
	M
	
	Condition

	1
	½ 
	

	
	¾
	

	
	1
	

	2
	½ 
	

	
	¾ 
	


· 

[112bis-e] Agreement
On the Parameter Combination of Type-II codebook refinement for CJT mTRP, for Rel-17 FeType-II based, only the following n combinations are supported (after pruning):  

	NTRP
	 combination

	2
	{1/2,1/2}

	
	{1/2,1}, {1,1/2}

	
	{3/4,3/4}

	
	{1,1}

	3
	{1/2, 1/2, 1/2}

	
	{1/2, 1/2, 3/4}, and its permutations

	
	{1/2, 1/2, 1}, and its permutations

	
	{1, 1, 1}

	

4


	{1/2, 1/2, 1/2, 1/2}

	
	{1/2, 1/2, 1/2, 1} and its permutations

	
	{1/2, 1/2, 1, 1} 

	
	{1, 1, 1, 1}




Question 1.1: Please share your view on the supported linkages for NTRP>1 below:

	NTRP
	 combination
	M=1
	M=2

	
	
	=1/2 
	=3/4
	=1
	=1/2 
	=3/4

	2
	{1/2,1/2}
	ZTE, HW, SS, N
	
	
	HW, SS, N
	

	
	{1/2,1}, {1,1/2}
	ZTE, HW, SS, N
	SS, N
	
	N
	

	
	{3/4,3/4}
	
	HW, SS, N
	ZTE, SS, N
	HW
	

	
	{1,1}
	
	ZTE, HW, SS
	ZTE, N
	ZTE, HW, SS
	ZTE, SS, N

	3
	{1/2, 1/2, 1/2}
	ZTE, HW, SS, N
	ZTE
	
	HW, N, SS
	

	
	{1/2, 1/2, 3/4}, and its permutations
	ZTE, HW, SS, N
	ZTE
	
	HW
	

	
	{1/2, 1/2, 1}, and its permutations
	ZTE
	HW, SS, N
	HW, SS, N
	HW, SS, N
	

	
	{1, 1, 1}
	ZTE
	ZTE, HW, SS
	ZTE, SS, N
	ZTE, HW
	ZTE, HW, SS, N

	

4


	{1/2, 1/2, 1/2, 1/2}
	ZTE, HW, SS, N
	
	
	HW, N, SS
	

	
	{1/2, 1/2, 1/2, 1} and its permutations
	ZTE, HW, SS, N
	SS, N
	
	HW, N
	

	
	{1/2, 1/2, 1, 1} 
	
	HW, SS, N
	ZTE, SS, N
	ZTE, HW, SS
	

	
	{1, 1, 1, 1}
	
	ZTE, HW
	ZTE, HW, SS, N
	ZTE, HW
	SS, N



(*) with results: HW



Proposal 1.A.1: On the Parameter Combination of Type-II codebook refinement for CJT mTRP, for Rel-17 FeType-II based, the only following linkages (marked ‘x’) are supported:

	NTRP
	 combination
	M=1
	M=2

	
	
	=1/2 
	=3/4
	=1
	=1/2 
	=3/4

	2
	{1/2,1/2}
	x
	
	
	x
	

	
	{1/2,1}, {1,1/2}
	x
	
	
	
	

	
	{3/4,3/4}
	
	x
	
	
	

	
	{1,1}
	
	x
	
	x
	

	3
	{1/2, 1/2, 1/2}
	x
	
	
	x
	

	
	{1/2, 1/2, 3/4}, and its permutations
	x
	
	
	
	

	
	{1/2, 1/2, 1}, and its permutations
	
	x
	
	x
	

	
	{1, 1, 1}
	
	x
	
	
	x

	

4


	{1/2, 1/2, 1/2, 1/2}
	x
	
	
	
	

	
	{1/2, 1/2, 1/2, 1} 
	x
	
	
	
	

	
	{1/2, 1/2, 1, 1} 
	
	x
	x
	x
	

	
	{1, 1, 1, 1}
	
	
	x
	
	



Proposal 1.A.1:
· Support/fine: Huawei/HiSi, ZTE, Nokia/NSB, Samsung, Google, vivo (no permutation for NTRP=4), NEC, LG, CATT, NTT DOCOMO, CMCC, Fujitsu, Qualcomm, Apple
· Not support:


FL Note: Only linkages with support from >=3 companies are considered. Some redundant combinations are removed to keep the total number of linkages comparable to Rel-16-based



	1.2
	[112bis-e] Agreement
For the Rel-18 Type-II codebook refinement for CJT mTRP, regarding CSI calculation and measurement, 
· [bookmark: _Hlk133268130]For the configured NTRP CSI-RS resources comprising the CMR, the restriction specified for Rel-17 NCJT CSI is fully reused, i.e. the configured NTRP CSI-RS resources are located either in the same slot or two consecutive slots
· On PDSCH EPRE assumption for CQI calculation, down-select between the two alternatives: 
· Alt1. The UE can assume that the PDSCH EPRE for a given CSI-RS port follows the configured powerControlOffset value associated with its respective CSI-RS resource
· Alt2. The UE can assume that the PDSCH EPRE for a given CSI-RS port follows a commonly configured powerControlOffset value for all the N selected CSI-RS resources
· [bookmark: _Hlk133270389]Alt3. The UE can assume that the PDSCH EPRE for a given CSI-RS port follows a commonly configured powerControlOffset value defined as averagePDSCH-to-averageCSIRS EPRE ratio, where averagePDSCH and averageCSIRS are average power across for all the N selected CSI-RS resources 
· Alt4. The UE can assume that the PDSCH EPRE divided by N for a given CSI-RS port follows a commonly configured powerControlOffset value for all the N selected CSI-RS resources
· Alt 5: The UE can assume that the PDSCH EPRE for a given CSI-RS port follows the powerControlOffset value for one of the configured NTRP CSI-RS resources
· Note: In legacy specification, different CSI-RS resources can be configured with different powerControlOffset values 

Proposal 1.B.1: For the Rel-18 Type-II codebook refinement for CJT mTRP, on PDSCH EPRE assumption for CQI calculation, the UE can assume that the PDSCH EPRE follows a commonly configured powerControlOffset value for all the N selected CSI-RS resources
· Note: For CSI calculation, the combined precoder across N selected (out of the configured NTRP) CSI-RS resources is normalized for each layer and the transmitted PDSCH across N selected (out of the configured NTRP) CSI-RS resources will be used in CSI calculation (up to the editor)
· Note: This doesn’t restrict how NW configures powerControlOffset for each CSI-RS resource in general. It pertains to UE assumption on CQI calculation for the CSI-RS resources used in the same CSI reporting setting for Rel-18 Type-II CJT 


FL Note: This proposal was discussed OFFLINE [1].
· Alt1: Samsung (ok), Google, ZTE, Fraunhofer IIS/HHI, Ericsson, CMCC, Intel, Nokia/NSB  
· Alt2: Samsung, AT&T, Apple (add note), MediaTek, ZTE (ok), Lenovo/MotM, Qualcomm (ok, with PDSCH summed across TRPs in y=Wx equation), vivo (2nd), Fraunhofer IIS/HHI (ok), NTT DOCOMO, Ericsson, OPPO, Huawei/HiSi (transmit), CMCC, Intel, Fujitsu, NEC, Spreadtrum, Nokia/NSB (ok)   
· Alt3: Qualcomm 
· Alt4: Qualcomm, Huawei/HiSi (received)
· Alt5: vivo

	 Proposal 1.B.1:
· Support/fine: Samsung, AT&T, Apple, MediaTek, ZTE, Lenovo/MotM, Qualcomm, vivo (2nd), Fraunhofer IIS/HHI, NTT DOCOMO, Ericsson, OPPO, Huawei/HiSi, CMCC, Intel, Fujitsu, Xiaomi, LG, CATT, NEC, Spreadtrum, Nokia/NSB, Sharp, Google, IDC
· Not support:

	
	[112bis-e] Agreement
For the Rel-18 Type-II codebook refinement for CJT mTRP, regarding CSI calculation and measurement, 
· … 
· Decide, in RAN1#113, whether an ordering of CSI-RS port indices (e.g. according to the CSI-RS resource ID in TS38.331) for CSI calculation needs to be specified or not


Question 1.2.2: Please share your view on whether an ordering of CSI-RS port indices (e.g. according to the CSI-RS resource ID in TS38.331) for CSI calculation needs to be specified or not 

FL Note: There might be some confusion among companies about what this implies. This benefits from (is easier to resolve with) some F2F discussion in offline session


	Yes: LG, ZTE, Samsung, Lenovo/MotM, Google, NEC, Intel, CATT, NTT DOCOMO, CMCC, Spreadtrum, 

No (resource and port index sufficient): Fujitsu, vivo, OPPO, Huawei/HiSi, Nokia/NSB (same as Huawei)



	
	[110bis-e] Agreement
On the Type-II codebook refinement for CJT mTRP, the selection of N CSI-RS resources is performed by UE and reported as a part of CSI report where N{1,…, NTRP} 
· N is the number of cooperating CSI-RS resources, while NTRP is the maximum number of cooperating CSI-RS resources configured by gNB via higher-layer ignalling
· The selection of N out of NTRP CSI-RS resources is reported via NTRP-bit bitmap in CSI part 1
· Note: The value of N is inferred from the selection
· A restricted configuration (gNB-configured via higher-layer ignalling) where N=NTRP is supported
· NTRP-bit bitmap is not reported when the restriction is configured
· FFS: Whether other RRC-configured TRP selection restriction including configuring the value of N is supported
· This feature is UE optional 
Note: This agreement does not impact the decision on Ln being configured by gNB or selected by UE
Note: per WID and previous agreement, the candidate values for NTRP of are 1, 2, 3, and 4.
Note: only one transmission hypothesis is reported. UE is not mandated to calculate CSI for multiple transmission hypotheses.

Question 1.2.3: Please share your view on whether other RRC-configured TRP selection restriction should be supported, e.g. to reduce UE computational complexity


Conclusion 1.B.3: On the Type-II codebook refinement for CJT mTRP, there is no consensus in introducing other RRC-configured TRP selection restriction including configuring the value of N


FL Note: This was discussed in RAN1#112bis-e but there was a request to postpone concluding on this after CPU discussion progresses further

	Yes (configure a subset as always selected/rejected, N RRC): Huawei/HiSi, NEC, ZTE, Google, Intel, CATT, Nokia/NSB

No: vivo, Samsung, Lenovo/MotM, Ericsson, OPPO, NTT DOCOMO, CMCC, AT&T, Fujitsu, Spreadtrum, Xiaomi, Qualcomm, Apple




	1.3
	[112bis-e] Agreement
On the Type-II codebook refinement for CJT mTRP, regarding the required number of CPUs and the values of Z/Z’, decide, in RAN1#113, at least based on the following factors: 
· The potential increase in the total number of CSI-RS ports due to the selection/configuration of N/ NTRP CSI-RS resources for Type-II CSI
· The support for dynamic TRP selection, wherein N CSI-RS resources are selected out of the configured NTRP CSI-RS resources
· Note: The fall-back of gNB configuring N=NTRP via RRC signalling is supported
· The support for dynamic {Ln} selection, wherein 1 out of NL {Ln} combinations is selected 
· Note: The fall-back of gNB configuring NL=1 is supported

Proposal 1.C.1: For the Rel-18 Type-II codebook refinement for CJT mTRP, regarding the CPU occupation: OCPU = X.NTRP where 
· X≥1 when NTRP>1, is defined based on UE capabilities and determined by the UE
· FFS: Whether the supported value(s) of X are common or can depend on the value of NTRP, NL, total sum of {Ln}, and/or other CJT features (e.g. dynamic TRP selection)
· The legacy specification on CPU pools is fully reused
· Note: When NTRP=1 is configured, legacy OCPU applies, i.e. OCPU =1  

FL Note: This proposal is a synthesis from the views of several companies

	Proposal 1.C.1:
· Support/fine: MediaTek, vivo, Qualcomm, Samsung, Ericsson, Nokia/NSB, Huawei/HiSi, Spreadtrum, Lenovo/MotM, Apple, CATT, ZTE, Google, NEC, Intel, CMCC, LG (w/o +1), OPPO (w/o +1), NTT DOCOMO (w/o +1), IDC, Fujitsu, Spreadturm (w/o +1), Xiaomi, Fraunhofer IIS/HHI, AT&T
· Not support: 


	
	Question 1.3.2: Please share your view on whether the legacy Z/Z’ should be fully reused (which is the baseline if no consensus on changing Z/Z’ is achieved)

Proposal 1.C.2: For the Rel-18 Type-II codebook refinement for CJT mTRP, regarding Z/Z’:
· For NTRP=1: reuse legacy Z/Z’ values
· For NTRP>1, introduce two UE capabilities:
· Capability 1: Reuse legacy Z/Z’ values
· Capability 2: Legacy Z/Z’ values + r  
· The value(s) of r>0 can depend on the configured NTRP value
· FFS: exact value(s) of r
Note: Since this pertains Type-II, the relevant values are Z2/Z2’

	Support/fine: ZTE, vivo, Samsung, NTT DOCOMO, Nokia/NSB, Ericsson, Huawei/HiSi, MediaTek, Lenovo/MotM, Google, Apple, CATT, Intel, NEC, LG, OPPO, CMCC, IDC, AT&T, Fujitsu, Spreadtrum, Xiaomi, Qualcomm, Fraunhofer IIS/HHI,

Not support:

	
	Question 1.3.3: Please share your view on whether the legacy active resource definition should be fully reused (which is the baseline if no consensus on changing is achieved)

Proposal 1.C.3: For the Rel-18 Type-II codebook refinement for CJT mTRP, regarding the counting of active resources, reuse legacy definition and resource counting mechanism for active resources


	Support/fine: ZTE, vivo, Samsung, NTT DOCOMO, Nokia/NSB, Ericsson, Huawei/HiSi, MediaTek, CATT, Intel, Lenovo/MotM, Google, NEC, LG, OPPO, CMCC, IDC, Fujitsu, Spreadtrum, Xiaomi, Qualcomm, Fraunhofer IIS/HHI, AT&T, Apple

Not support: 

	1.4
	[110bis-e] Agreement
On the Type-II codebook refinement for CJT mTRP, regarding W2 quantization group, for each layer:
· Support the following: (Alt1) One group comprises one polarization across all N CSI-RS resources (Cgroup,phase=1, Cgroup,amp=2)
· FFS: Amplitude quantization table enhancement
· For the amplitude group other than the group associated with the SCI, the reference amplitude is reported
· Working assumption: Alt3 is supported in addition to Alt1 (to be confirmed in RAN1#111)
· (Alt3). One group comprises one polarization for one CSI-RS resource with a common phase reference across N CSI-RS resources (Cgroup,phase=1, Cgroup,amp=2N)
· For each of the (2N–1) amplitude groups (other than the group associated with the SCI), the reference amplitude is reported
· If the support Alt3 in addition to Alt1 is confirmed, only one of the two schemes will be a basic feature for UEs supporting Rel-18 Type-II CJT codebook


Proposal 1.D.1: On the Type-II codebook refinement for CJT mTRP, revert the following working assumption: 
· Working assumption: Alt3 is supported in addition to Alt1 (to be confirmed in RAN1#111)
· (Alt3). One group comprises one polarization for one CSI-RS resource with a common phase reference across N CSI-RS resources (Cgroup,phase=1, Cgroup,amp=2N)
· For each of the (2N–1) amplitude groups (other than the group associated with the SCI), the reference amplitude is reported


FL Note: Just as what we did in RAN1#110bis-e, this has to be decided based on empirical evidence (i.e. SLS results). Per agreement this needs to be concluded in this meeting. Since the WA was made conditioned upon the benefit of Alt3 over Alt1
· If there is no confirmed benefit from Alt3 over Alt1 in the alleged scenarios (inter-site CJT, 500m ISD), the WA should be reverted (hence no support of Alt3). 
· Otherwise, confirmed as an agreement. 
The available SLS results are summarized as follows for the alleged “missing” scenarios from Alt3 proponents in RAN1#110bis-e (500m ISD or larger, inter-site CJT):
· “Notable” (small in FL perspective) gain: Huawei (2-3% mean UPT), ZTE (0.2-1.2% mean UPT)
· No demonstrable gain (resimulated with agreed mode-1): Samsung, vivo, MediaTek

FL Note: Re confirming or reverting WA, although WA may be captured in the spec(s), it should be noted that the relevant text will have to be removed from the spec(s) when the text is challenged AND the WA is not confirmed. 

	Support/fine (want to revert WA): vivo, Samsung, OPPO, MediaTek, Fraunhofer IIS/HHI, Apple, DOCOMO, Intel, Nokia/NSB, Ericsson, Sharp, Google, Sony, AT&T

[bookmark: _Hlk128066779]Not support (want to confirm WA): ZTE, Spreadtrum, CATT, LG, Huawei/HiSi, Lenovo/MotM, Fujitsu, NEC, Xiaomi, 



	1.5
	[112bis-e] Agreement
On the Type-II codebook refinement for CJT mTRP, for mode-1, support the use of per-CSI-RS-resource FD basis selection offset (relative to a reference CSI-RS resource) for independent FD basis selection across N CSI-RS resources, i.e. (example formulation)  where: 
·  is commonly selected across N CSI-RS resources
·  is the layer-common FD basis selection offset for CSI-RS resource n relative to a layer-common reference CSI-RS resource  with  
· Therefore, (N – 1) FD basis selection offset values  are reported
· Basic feature: 
· Optional feature: 
· FFS: UCI design details, details on 

[112bis-e] Agreement
On the Type-II codebook refinement for CJT mTRP, for mode-1, the layer-common reference CSI-RS resource  is fixed to the first of the N selected CSI-RS resource(s)
· FFS: Whether more refined definition is needed for “the first”, e.g. related to the ordering of CSI-RS resources in the resource set, depending on RAN2 outcome


Proposal 1.E.1: On the Type-II codebook refinement for CJT mTRP, for mode-1, the selected value of each of the (N – 1) layer-common FD basis selection offset , assuming its full range of values, is indicated as follows:
· Basic feature: a -bit indicator
· Optional feature: a -bit indicator

FL Note: The exact indication mechanism hasn’t been agreed yet. The proposal is the simplest way to indicate the selection


	Proposal 1.E.1:
· Support/fine: ZTE, Samsung, Lenovo/MotM, Google, vivo, Intel, Ericsson, LG, Huawei/HiSi, CATT, NTT DOCOMO, CMCC, Nokia/NSB, IDC, AT&T, Fujitsu, Spreadtrum, Xiaomi, Qualcomm, Fraunhofer IIS/HHI, Apple
· Not support: 



	
	
Question 1.5.2: On the Type-II codebook refinement for CJT mTRP, for mode-1, please share your preference on the following alternatives for the location of the (N – 1) layer-common FD basis selection offset values   in UCI part 2:
· Alt1. G0
· Alt2. G1 (same location as FD basis selection indicators)

Proposal 1.E.2: On the Type-II codebook refinement for CJT mTRP, for mode-1, the (N – 1) layer-common FD basis selection offset values  are located in G1 of UCI part 2

FL Note: Summary:
Alt1 (G0): IDC, Ericsson, Lenovo/MotM, Google, Huawei/HiSi, Nokia/NSB, Spreadtrum,
Alt2 (G1): Samsung, ZTE, Google, vivo, Intel, NEC, LG, OPPO, CATT, NTT DOCOMO, CMCC, Xiaomi, AT&T

	Proposal 1.E.2: 
· Support/fine: Samsung, ZTE, Google, vivo, Intel, NEC, LG, OPPO, CATT, NTT DOCOMO, CMCC, Fujitsu, Huawei/HiSi (ok), Xiaomi, Qualcomm, Fraunhofer IIS/HHI, AT&T, Ericsson (ok), Apple, Nokia/NSB (ok), Lenovo/MotM (ok), Google (ok)
· Not support: 

	
	Question 1.5.3: On the Type-II codebook refinement for CJT mTRP, for mode-1, please share your view whether to introduce an additional (RRC configurable) restriction on the values (range of values) of . 
· If so,  indicator bit-width may be reduced accordingly 

Conclusion 1.E.3: On the Type-II codebook refinement for CJT mTRP, for mode-1, there is no consensus in introducing an additional (RRC configurable) restriction on the values (range of values) of . 


FL Note: Per the agreement in RAN1#112bis-e, the full range of values is supported. This question pertains to an additional feature that allows RRC-configurable range/value-set restriction (similar to CBSR but facilitating indicator overhead reduction).
The conclusions are based on the fact/reality that there is no consensus hence the implication follows whether one can accept (cope with) reality (that no consensus means no support) or not.

	Yes: NEC, Samsung

No: ZTE, Google, vivo, Intel, Ericsson, OPPO, Huawei/HiSi, CATT, NTT DOCOMO, CMCC, Nokia/NSB, Spreadtrum, Xiaomi, Qualcomm, Apple 



Table 1B Type II CJT: summary of observation from SLS
	Company
	SLS results

	
	Issue #
	Metric
	Observation

	ZTE
	1.4
	Avg UPT vs overhead, 
cell-edge UPT vs overhead
	We observe that 0.2%~1.2% average UPT gain and 2.2%~12.1% cell-edge UE gain can be achieved using Alt 3 compared with Alt1.

	Vivo
	1.4
	SE gain vs overhead
	[bookmark: _Ref118709558][bookmark: _Hlk134955461][bookmark: _Ref118709560]Alt3 shows negligible performance improvement over Alt1 for the scenario with 500m ISD and the high payload case of the scenario with 200m ISD.

[bookmark: _Ref134955337]Combining the payload and the SE gain, Alt1 outperforms Alt 3.

Alt 3 does not show benefit over Alt 1 in either Mode 1 or Mode 2.


	Huawei/HiSi
	1.1
	Mean UPT vs overhead
		NTRP
	{}  combo
		M, beta

	
	
	1, 1/2
	1, 3/4
	1, 1
	2, 1/2
	2, 3/4

	1
	{1/2}
	
	
	
	Y
	

	
	{3/4}
	Y
	
	
	Y
	

	
	{1}
	Y
	Y
	Y
	Y
	Y

	2
	{1/2,1/2}
	Y
	
	
	Y
	

	
	{1/2,1}, {1,1/2}
	Y
	
	
	
	

	
	{3/4,3/4}
	
	Y
	
	Y
	

	
	{1,1}
	
	Y
	
	Y
	

	3
	{1/2, 1/2, 1/2}
	Y
	
	
	Y
	

	
	{1/2, 1/2, 3/4}, and its permutations
	Y
	
	
	Y
	

	
	{1/2, 1/2, 1}, and its permutations
	
	Y
	Y
	Y
	

	
	{1, 1, 1}
	
	Y
	
	Y
	Y

	4
	{1/2, 1/2, 1/2, 1/2}
	Y
	
	
	Y
	

	
	{1/2, 1/2, 1/2, 1} and its permutations
	Y
	
	
	Y
	

	
	{1/2, 1/2, 1, 1}
	
	Y
	
	Y
	

	
	{1, 1, 1, 1}
	
	Y
	Y
	Y
	




	
	1.4
	Mean UPT vs overhead, 
5% UPT vs overhead
	For inter-site CJT with large inter-site distance, Alt 3 (Cgroup,amp=2N) has better performance (1~2% avg UPT) compared to Alt1 (Cgroup,amp=2).

	Samsung
	1.4
	Avg UPT gain vs overhead
	There is no benefit of Alt3 over Alt1 shown in our SLS results for both mode 1 and mode 2 cases even in the inter-site inter-cell scenarios.

	MediaTek
	1.4
	Avg UPT Gain w.r.t. paraComb value
	From the results, we observe that Alt 3 cannot provide consistent performance benefit over Alt 1. Further, the cost of this little performance benefit must be borne by the increased overhead of feeding back multiple reference amplitudes.



Table 2 Additional inputs: issue 1
	Company
	Input

	Mod V0
	Please share your inputs on each of the issues and, if applicable, proposals in TABLE 1A

	Samsung
	Issue 1.1: The following 2 linkages we support are missing from FL summary table:
· Ntrp=3: (1/2,1/2,1/2), M=2 =1/2 
· Ntrp=4: (1/2,1/2,1/2, 1/2), M=2 =1/2

Proposal 1.B.1: Support 

Question 1.2.2: Support ordering of CSI-RS port indices according to CSI-RS resource IDs

Question 1.2.3: We don’t see the necessity for any additional restriction

Proposal 1.C.1: We can accept for progress

Question 1.3.2: Reuse legacy Z/Z’

Question 1.3.3: Reuse legacy active resource

Proposal 1.D.1: Support. We have provided new SLS results including the newly agreed mode-1. Still we observe no benefit in UPT-overhead performance. The WA on Alt3 should be reverted as it underperforms in the use case it is advertised to provide benefit. 

Proposal 1.E.1: Fine.

Question 1.5.2: Support Alt2. Since FD basis selection is located in G1, we see no reason not to place the FD window offset phi_n elsewhere. It’s quite obvious that the FD window offset is a part of FD basis selection (i.e. to provide per-TRP FD basis)

Question 1.5.3: Support introducing additional restriction on range of value of phi_n. Although we prefer to restrict this range as the only option, we are fine with configurable restriction. It is not necessary to use full range of phi_n values since the inter-TRP delay offsets cannot be too large even for inter-TRP CJT. Else, the delay offsets would exceed the CP length and cause ISI – making CJT unusable anyway. Why waste additional bits to accommodate unnecessary phi_n values? 
· If the range of values for phi_n is restricted, a reference TRP (resource) n_tilde needs to be defined.

	ZTE
	Proposal 1.B.1: Support

Question 1.2.2: We tend to agree that the ordering of CSI-RS port index cross different CSI-RS resource ID should be specified. As what we did for NCJT, we use resource ID+CSI-RS resource ID for achieving this target.

Question 1.2.3: Yes. If the UE have fully flexibility of CSI-RS selection from NTRP, how to guarantee that the selection results can be useful for gNB side? If no further restriction, we guess that the corresponding flexibility may not be enabled by gNB. 

In order to solve the concerns from opponent, instead of subset (always selected), we are fine to only support the additional indication of minimum number of TRPs to be selected.

Proposal 1.C.1: Support

Question 1.3.2/1.3.3: we prefer to reuse the legacy rules of Z/Z’ and active resource definition. 

Proposal 1.E.1: Support

Question 1.5.2: Support Alt2. 
· If going with Alt1 (as in G0): it is quite weird. It tends to say that, we may need to prioritize the indication of FD-basis selection offset (as in G0) over FD basis selection (as in G1). Straightforwardly, the meaning/interpretation of ‘the offset’ should be based on FD-basis selection. 

Proposal 1.E.1: Not support. Considering that the range of values of phi_n is much relevant to channel quality (may be related to positive or negative delays) and relevant to CSI measurement rather than gNB configuration, we prefer that this phi_n is fully determined according to UE side. Then, for phi_n determination, the UE may perform the calculation based on strongest FD basis corresponding to the strongest layer in the implementation. After that, as in CSI Part 2, the bit-overhead reduction (one or two bits?) may not be essential, if having some potential performance degradation.


	Mod V4
	Revised proposal 1.A.1 per offline comments to reduce the number of supported linkages to a number comparable to Rel-16-based.

Added proposals 1.C.2/3

	Lenovo/ MotM
	Proposal 1.B.1:
Support

Question 1.2.2:
OK to support ordering based on port index + CSI-RS resource index

Question 1.2.3:
Since a selection of 1 out of the NL number-of-beam combinations already implies a selection of N (out of NTRP) TRPs, the log(NL) indicator suffices.
If companies believe this reverts the agreement to report a bitmap indicating the N selected resources, then a note needs to be added for editorial purposes that the N selected resources are a subset of (or the same as) resources associated with the selected (out of NL) number of beam combinations

Proposal 1.C.1/2/3:
Support

Proposal 1.E.1:
Prefer one solution

Proposal 1.E.2:
Prefer Group 0

	Google
	Proposal 1.A.1: OK

Proposal 1.B.1: OK

Question 1.2.2: OK to specify it.

Question 1.2.3: Support the configuration on TRP subset restriction

Proposal 1.C.1/2/3: Support

Proposal 1.D.1: OK

Proposal 1.E.1: OK

Question 1.5.2: We can be open to both alternatives

Question 1.5.3: We failed to see how gNB configures the additional restriction without any prior information. It looks this restriction is unnecessary.


	Vivo
	Proposal 1.A.1
We support to remove permutations for NTRP = 4 as we don’t have this for NTRP=4 in Rel-16 based linkages. 

Proposal 1.B.1
OK

Issue 1.2.2
Defining ordering of NTRP CMRs is sufficient and there is no need to introduce ordering of CSI-RS port indices.

Issue 1.2.3
To reduce UE computational complexity, the current mechanism for TRP selection is sufficient. There is no need to further introduce RRC configured TRP selection restriction.

Proposal 1.C.1
OK

Questions 1.3.2 and 1.3.3
Support reusing the legacy definition/values for Z/Z’ and active resources/ports.

Proposal 1.D.1
We support to revert the WA. Based on most of the companies’ simulation results, there is no gain for Alt 3 in either mode 1 or mode 2. We already have a number of optional features, so it is not needed to add one more without benefit. Our results are copied below to justify the revert.
[image: ]
[image: ]
Cell mean SE of different combinations of codebook modes and W2 design alternatives.
[image: ]
[image: ]
Cell mean SE of different combinations of codebook modes and W2 design alternatives.
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[image: ]
Cell mean SE of different combinations of codebook modes and W2 design alternatives.

Proposal 1.E.1
OK

Proposal 1.E.2
FD indicator is arranged in G1. So FD basis selection offset should be arranged in G1.

Question 1.5.3
For phi_n value set, we have agreed two features. One is basic for mode 1, which contains N4 values. The other is optional for mode 1, which contains 4N4 values. Apparently we need a RRC parameter to configure this. Other than this, the need to have extra RRC configurations to adjust the value set of phi_n is not clear.


	Mod V8
	1.A.1: yet another optimization from the proponents (Huawei, Samsung, ZTE, Nokia) replacing 2 linkages with 2 other – based on Huawei’s SLS results


	Ericsson
	Question 1.2.3:  we do not think any additional RRC-configured TRP selection restriction is needed.  If the gNB is aware of what the best TRPs are, it can simply configure those TRPs as the NTRP TRPs.  There is no need to RRC configure both NTRP and N.

Support Proposal 1.E.1

Question 1.5.3:  We don’t see the need to introduce additional restrictions on the values of .


	NEC
	Proposal 1.A.1:  Support.

Proposal 1.B.1:  Support.

Question 1.2.2:  Fine for the ordering of CSI-RS 

Question 1.2.3:  Support RRC configured TRP selection restriction. At least one TRP can be indicated to be always selected (e.g. the primary TRP) in the restriction. And candidates of selected TRPs can also be indicated, which can reduce UE complexity.

Proposal 1.C.1:  Support.

Proposal 1.C.2:  Support. In addition, we think values of Z/Z’ can also be based on N (selected TRPs). For example, if the interval satisfies Z/Z’ for any value of N, then any hypotheses of TRP selection can be reported, else if interval can not satisfy CSI report with N=NTRP but can satisfy N=1, the CSI report with only hypotheses of N=1 can still be reported. There will be no ambiguity as both UE and network know the time lines. And based on this, at least some hypotheses can still be reported if the large interval with Z/Z’ for NTRP>1 can not be satisfied.

Proposal 1.C.3:  Support.

Proposal 1.D.1:  We prefer to confirm the WA. Alt 1 is only suitable when the relative amplitudes across TRPs are similar, and all TRPs have same index of “stronger” polarization. Otherwise, if TRPs have different stronger polarization, the same reference amplitude coefficient applied on the same polarization across TRPs is not reasonable.  If companies believe the amplitude difference across TRPs and polarizations is small in case of CJT (if this is true, then Alt 3 is not needed), then we think we don’t need 3 bits reference amplitude (up to -10.5dB) in Alt 1 either, as FFS in previous agreement “FFS: Amplitude quantization table enhancement”. So if majority supports to revert the WA, we prefer to finalize Alt 1. For example, 
· One group comprises one polarization across all N CSI-RS resources (Cgroup,phase=1, Cgroup,amp=2)
· FFS: Amplitude quantization table enhancement
· For the amplitude group other than the group associated with the SCI, the reference amplitude is reported
· 1 or 2 bits for the reference amplitude 

Question 1.5.2: We prefer Alt 2.

Question 1.5.3: Support restriction on values of   at least for Rel-17 based refinement. As for Rel-17 based codebook refinement, delay offsets across TRPs can be measured by network, especially when one SRS transmitted towards CJT TRPs. In this case, the range of   can be significantly reduced, even if the reciprocity is not perfect.


	LG
	Support Proposal 1.A.1 and Proposal 1.B.1

Question 1.2.2: 
Port index ordering should be specified. Otherwise, there is ambiguity on mapping between PDSCH antenna ports and precoding matrix for CJT when calculating CQI in following spec.

The PDSCH transmission scheme where the UE may assume that PDSCH transmission would be performed with up to 8 transmission layers as defined in Clause 7.3.1.4 of [4, TS 38.211]. For CQI calculation, the UE should assume that PDSCH signals on antenna ports in the set [1000,…, 1000+ν-1] for ν layers would result in signals equivalent to corresponding symbols transmitted on antenna ports [3000,…, 3000+P-1], as given by
	


	where  is a vector of PDSCH symbols from the layer mapping defined in Clause 7.3.1.4 of [4, TS 38.211],  is the number of CSI-RS ports.
Question 1.2.3: 
Subset restriction is needed at least for NTRP =3 or 4. Without any restriction, there are too many transmission hypothesis e.g. if NTRP=4, there are 15 (=4+6+4+1) hypotheses. Even if we assume conservative CPU occupation for a hypothesis e.g. CJT with N CSIRS resources takes N CPU, the required number of CPU is 32 (=4*1+6*2+4*3+1*4) which is much larger than maximum CPU budget UE can report as legacy capability, which is 8. As a result, without any restriction, the feature of UE side TRP selection cannot be used if UE supports NTRP > 2.
@Ericsson: best TRPs can be changed dynamically depending on small scale fading. That is why we agreed to support UE side TRP selection. In addition, for UE side TRP selection when NTRP>2, too many CPUs are required so some restriction is necessary in that case as we explained above.
@Lenovo: Regarding the comment “Since a selection of 1 out of the NL number-of-beam combinations already implies a selection of N (out of NTRP) TRPs, the log(NL) indicator suffices.” We have different understanding, NL combinations are defined for given NTRP value, which is RRC configured, not for N. This is captured in yellow in the following agreement. For example, if NTRP=2, NL=4 then the four which is lighted in green in the following agreement are possible combinations. In this case, UE can still select one of { CSIRS resource 0, CSIRS resource 0, CSIRS resource (0,1) }. Therefore, selecting one of NL combination does not imply N TRP selection. 

Agreement
On the Type-II codebook refinement for CJT mTRP, for Rel-16-based refinement, support at least the following combinations of {Ln} for the higher-layer-configured value of NTRP (FFS by RAN1#112: whether the bracketed permutations are also supported):
· FFS by RAN1#112: whether other combinations can be supported
FFS (by RAN1#112bis-e): Whether/how the supported combinations of {n} for Rel-17-based refinement are derived from the supported combinations of {Ln} for Rel-16-based refinement 
FFS: Whether the total number of Ln is a UE capability

	[bookmark: _Hlk128062296]NTRP
	{Ln} combination

	[bookmark: _Hlk128062270]1
	{2}

	
	{4}

	
	{6} (analogous to legacy, only for total # ports =32, rank 1-2, R=1

	2
	{2,2}

	
	{2,4}, {4,2}

	
	{4,4}

	3
	{2,2,2}

	
	{2,2,4},{2,4,2},{4,2,2}

	
	{4,4,4}

	4
	{2,2,2,2}

	
	{2,2,2,4}

	
	{2,2,4,4} 

	
	{4,4,4,4}



Proposal 1.C.1:
Could proponents explain technical background of “+1” in the equation?
Regarding FFS, we should at least consider transmission hypothesis in case of dynamic TRP selection. In Rel-17, # of CPU is already calculated based on the number of hypothesis, which is OCPU=X.N+M, where N, M are transmission hypothesis for NCJT and STRP, respectively. The same principle should be applied for CJT.
[Mod: Please see Mod V19 comment, dependence on N can be discussed further]

Proposal 1.C.2/3:
Support.
Proposal 1.E.1/2
Support


	OPPO
	Proposal 1.B.1: 
Support

Question 1.2.2: 
We think CMR index is sufficient for calculation and reporting of CSI.

Question 1.2.3: 
We cannot see the necessity to introduce additional RRC based restriction by now. 

Proposal 1.C.1: 
We have two questions for clarification:
1. After reading the contributions, it seems more companies are proposing something like “OCPU = X*NTRP”. Can someone clarify why “+1” is needed here?
2. What is the value of X for NTRP =1 (e.g. X=0)? Or can we say that legacy value for S-TRP is reused for NTRP =1 as a note?
[Mod: Please see Mod V19 comment]

Proposal 1.C.2:
We are fine with the proposal. Another way can be defining capability 2 as “r*Legacy Z/Z’ values”.

Proposal 1.C.3: 
Fine.

Proposal 1.D.1:
Support. 

Question 1.5.2 : 
Support Alt2.

Question 1.5.3 : 
We think additional ignalling for restriction is not needed. 

	Intel
	Question 1.2.2
Precoding matrixes for PMI shall be defined with specific CSI-RS port/resource order. This issue can be left to the spec editor CR drafting.

Question 1.2.3
We support configuration of N value due to complexity and overhead reduction for the UE. 

Proposal 1.C.1
We can accept the proposal since the UE capability of number of allocated CPUs is technically reasonable, it can improve the UE hardware utilization for different implementations. 

Proposal 1.C.2
We can accept the proposal.


	Huawei, HiSilicon
	Proposal 1.A.1
Support.

Proposal 1.B.1
Support.

Question 1.2.2
Similar to NCJT, CSI-RS resource index and port index within the CSI-RS resource is enough.

Question 1.2.3
We support that a subset of TRPs (the number of which is M) can be configured by gNB (e.g at least one serving TRP with M=1). As gNB has more information on scheduling, it’s beneficial to let gNB has flexibility on configuration, so that the channel information of some TRPs can always be fed back from UE. This restriction can also reduce the impact of CSI measuring error from UE. It can also help to reduce UE complexity for TRP selection since UE only need to select N-M TRPs out of NTRP-M TRPS. Besides, from network perspective, it can be guaranteed that the number of selected CSI-RS is not too small (e.g., always N=1 is reported) due to estimation error.

Proposal 1.C.1
Fine with it.

Proposal 1.C.2
Support.

Proposal 1.C.3
Support.

Proposal 1.E.1
Support.

Question 1.5.2
We support Alt1 (as in G0). For legacy Rel-16 eType-II codebook, the FD basis vector corresponding to Strongest coefficient is remapped to index 0 and always selected, which doesn’t need to be reported. With the SD rotation factors, SD indicators, and SCI in G0, part of precoding matrix for each layer with one strongest coefficient can be recovered when G1 and G2 are dropped. However, for CJT mode-1, if FD basis offset indicator is in G1, the information in G0 is not adequate to recover part of joint precoding matrix due to the missing of relative phase information among TRPs, when G1 is dropped.

Question 1.5.3
No need for additional (RRC-configurable) restriction on the values (range of values) of . We share similar view with ZTE that the range of values of phi_n is relevant to channel quality rather than gNB configuration, which should depend on UE measurement. Since the  has been agreed to be layer-common, the overhead reduction in UCI part 2 may not be necessary.


	CATT
	Proposal 1.A.1, Proposal 1.B.1, Proposal 1.C.1/2/3, Proposal 1.E.1: 
Support
Question 1.2.2: 
Support to order the CSI-RS resources in the resource set according to CSI-RS resource ID. 
Question 1.2.3: 
Support RRC configured TRP selection restriction. 

Question 1.5.2: 
We prefer Alt2.
Question 1.5.3: 
Not necessary to introduce additional restriction.


	NTT DOCOMO
	Proposal 1.A.1
OK.

Proposal 1.B.1
Support.

Question 1.2.2
OK for ordering of CSI-RS port index according to CSI-RS resource index.

Question 1.2.3
We do not see the need of other RRC-configured TRP selection restriction. If NW wants to have such restriction, NW can just select those TRPs for NTRP configuration.

Proposal 1.C.1
When NTRP=1, we think OCPU = 1. The proposal is not applicable to NTRP=1.
In addition, we have similar question as other companies on the intention of “+1” in the equation.
[Mod: Please see Mod V19 comment]

Proposal 1.C.2/3
Support.

Proposal 1.E.1
Support.

Question 1.5.2
We prefer Alt 2.

Question 1.5.3
Not support additional (RRC configurable) restriction. And it is difficult for NW to configure an accurate restriction.

	CMCC
	Proposal 1.A.1
Support.

Proposal 1.B.1
Support.

Question 1.2.2
Support to order CSI-RS port indices according to CSI-RS resource ID.

Question 1.2.3
Other RRC-configured TRP selection restriction is not needed. We think restricting N = NTRP is enough if gNB need to force some TRPs mandatory selected.

Proposal 1.C.1/2/3
Support.

Proposal 1.E.1
Support.

Question 1.5.2
We Prefer Alt2.

Question 1.5.3
We don’t think additional restriction over  is needed. Only UE will measure the frequency domain characteristics, NW may not know how to configure the restriction.

	Nokia/NSB
	Question 1.2.2

We don’t think it’s needed as the port ordering in the PMI representation and CQI calculation naturally follows the ordering of selected CSI-RS resources in the resource set and ports within each selected resource. We already used the expression ‘first of the N selected resources’ in a previous agreement, which implies an ordering of the N resources

Question 1.2.3

Support. Given that we already support the restricted configuration , it seems little effort, for extra flexibility in NW configuration, to extend the value set of the restriction to  without the need of additional RRC parameter. If the restriction is absent, of course, N is determined by the UE.

Proposal 1.E.1
Ok

Question 1.5.2

We prefer Alt 1 – Group 0, for similar reasons as explained by Huawei

Question 1.5.3

We prefer not to introduce restrictions on the FD offset range. This is a small optimisation of the overhead that may cause some performance degradation, so it would require studying this small trade-off.


	Mod V21
	Revision on 1.C.1 putting +1 in brackets due to questions from several companies. The answer: +1 is initially intended to capture legacy OCPU behaviour, i.e. when NTRP=1 and NL=1, X is set to 0. But perhaps by adding a Note suggested by OPPO (added to 1.C.1) it is sufficient and “+1” can be removed.

Added conclusions 1.B.3 and 1.E.2


	AT&T
	
Proposal 1.B.1: Support

Question 1.2.3: We do not see a need for RRC-configured TRP selection restriction for same reason listed by NTT DOCOMO & CMCC.

Conclusion 1.B.3: Support

Proposal 1.D.1: Support

Proposal 1.E.1: ok
 
Question 1.5.2: Alt2 is our preference

Proposal 1.E.2: Support 


	Fujitsu
	Proposal 1.A.1
Support.

Proposal 1.B.1
Support.

Question 1.2.2
Since only one CMR can be transmitted from each TRP in one set and UE can assume that N CMRs fully overlap in time and frequency for CSI calculation, CMR index is sufficient for calculation and reporting of CSI, which is similar as Rel-17 NCJT.

Question 1.2.3
Support Conclusion 1.B.3. 

Proposal 1.C.1/2/3
Support.

Proposal 1.E.1
Support.

Proposal 1.E.2: 
Support.

	Spreadtrum
	Proposal 1.B.1: Support
Question 1.2.2: Support to define an ordering of CSI-RS port indices.
Conclusion 1.B.3: Support. The selected TRPs should be based on the channel quality. It will degrade the performance if mandate UE to select some of the TRPs.
Proposal 1.C.1: In order to handle the increased UE complexity, we are fine to define a larger OCPU with UE capability in principle. Based on FL’s explanation and assessment, we prefer to remove [+1].
Proposal 1.C.2/1.C.3: Support.
Proposal 1.E.1: Support.
Proposal 1.E.2: We think it’s better to put FD basis selection offset in the group as for FD basis indicator. In R16 Type II CB, FD basis indicator is in G1, but in R17 Type II CB, FD basis indicator in G0. If FD basis selection offset will be arranged in the same group for both refined codebooks based on R16 and R17, we prefer to put it in G0.
Conclusion 1.E.2: Support.

	ZTE
	Proposal 1.C.1: In our views, the intention of ‘+1’ is to make sure that for N_TRP=1, the O_CPU can be equal to 1 as legacy. Then, if having the new note added from the FL, we can be flexible. BTW, N_L=1 is not needed due to the fact that the SD-combination dynamic selection is not supported in N_TRP=1
[Mod: Done]

Proposal 1.E.2:  Support.
Thanks for further discussion. Regarding Alt1(G0), in our views, we are not convinced that phi_n is just relevant to the strongest path, and instead phi_n is to shift FD-basis (with objective of minimizing errors). Therefore, from the perspective of PMI, FD-basis selection should be provided together with phi_n. Otherwise, we may need to justify benefits, if only having FD-basis offset but without other information, e.g., FD-basis selection, W2-amplitude/phase, etc, in G1. In short, we do not identify the necessity of the optimization.

	Huawei, HiSilicon
	For conclusion 1.B.3, we prefer to leave companies more time to discuss it. From our side, there are benefits to have a subset of TRPs (the number of which is K) configured by gNB (e.g at least one serving TRP with K=1): 
· It can reduce UE complexity for TRP selection since UE only need to select N-K TRPs out of NTRP-K TRPs, as illustrated by LG.
· It can guarantee that the serving TRP (or the best TRP) for single-TRP transmission can be always selected, it can avoid that UE may miss a TRP with good channel quality due to error in measuring the received power. Therefore, the performance of CJT can be guaranteed.
· It is an intermediate restriction between gNB-configured N=NTRP and fully TRP selection by UE, which can provide both gNB and UE flexibility and better utilize the information from gNB and UE.
[Mod: OK I will postpone to later round]

For proposal 1.E.2, we can be fine with either alt 1 or alt 2.

	InterDigital
	Proposal 1.B.1
Support

Proposal 1.C.1
Support

Proposal 1.C.2
Support

Proposal 1.C.3
Support

Proposal 1.E.1
Support

	Xiaomi
	Q 1.2.2:
We would like to clarify the meaning of ordering of CSI-RS port indices. Opt1 is port index #0,1,2….,31(for the 1st CSI-RS resource), then port index #0,1,2, ….,31(for the 2nd CSI-RS resource) ……. Opt2 is port index#01,2….,31(for the 1st CSI-RS resource), then port index #32,33,34, ….,63(for the 2nd CSI-RS resource) …….  
[Mod: This is a good start and will be discussion on Tue offline]

Q 1.2.3: other RRC-configured TRP selection restriction is not necessary. But UE need to be restricted to select only the supported SD combos for the configured {pv,b}

Proposal 1.C.1: support 

Proposal 1.C.2: fine to introduce UE capability for NTRP>1

Proposal 1.C.3: support

Proposal 1.E.1: ok

Proposal 1.E.2: prefer Alt 2

Q 1.5.3: no need to introduce additional restriction.

	Qualcomm
	Proposal 1.A.1: Fine

Proposal 1.B.1: Fine

Question 1.2.2: We are not so sure sure about what does yes or no really mean.
Probably an example (e.g. 2-TRP, each P ports) can illustrate more clearly:
Alt1: {0,1,…,P-1,P,P+1,…,2P-1}
Alt2: {#1:{0,1,…,P-1}; #2{0,1,…,P-1}}
In our view, Alt2 is enough to eliminate index ambiguity (not sure whether this is yes or no)
[Mod: This is a good start and will be discussion on Tue offline]

Conclusion 1.B.3: Fine

Proposal 1.C.1/2/3: Fine

Proposal 1.E.1/2: Fine

Proposal 1.C.3: Fine


	Mod V31
	Removed +1 from proposal 1.C.1 


	Fraunhofer IIS/HHI
	Proposal 1.B.1: Support.

Proposal 1.C.1/2/3: Support.

Proposal 1.C.3: Support.

Proposal 1.E.1/2: Support.

Conclusion 1.E.2: Fine.


	Mod V35
	No revision


	AT&T
	
Proposal 1.C.1/2/3: Support

Proposal 1.E.2: Support 


	Mod V38
	No revision


	Apple
	Proposal 1.A.1: Fine.

Proposal 1.B.1: Support.

Question 1.2.2: The scope of the order is not clear. 38.331 will configure N CSI-RS resource mapping to different TRP/TRP group, then, when UE reports different W1 for example, there needs to be some ordering, i.e., whether it is based on the order of CSI-RS resource configured, or the CSI-RS resource ID. We are open to discuss with a clearer scope. 

Conclusion 1.B.3: support.

Proposal 1.C.1: Support.

Proposal 1.C.2: In general, we are fine. But we want to clarify that this means only (Z2, Z2’) is applicable for the Rel-18 Type II codebook enhancement for CJT multi-TRP.

Proposal 1.C.3: Fine.

Proposal 1.E.1: Support.

Proposal 1.E.2: Fine.

Conclusion 1.E.2: Support

	Mod V40
	Added clarification Note for 1.C.2 per Apple input




2.2 Issue 2: Type-II codebook refinement for high/medium UE velocities (with time/Doppler-domain compression)

Table 3A Summary: issue 2
	#
	Issue
	Companies’ views

	2.1
	[112bis-e] Agreement
For the Type-II codebook refinement for high/medium velocities based on Rel-16 eType-II regular codebook, at least the following Parameter Combinations are supported 

	
	
	

	
	
	
	

	2
	1/8
	1/16
	¼

	2 (*)
	¼ 
	1/8
	½ 

	4
	1/4
	1/4
	1/4 

	4
	1/4
	1/4
	1/2 

	4 (*)
	¼ 
	1/8 
	¼ 

	4 (*)
	1/2
	1/4
	1/2

	4 (*)
	1/4 
	1/4 
	3/4 

	6 (*)
	1/4
	--
	1/2 

	6 (*)
	1/4 
	-- 
	3/4 


 (*) Note: From legacy. For L=6, the same restriction and UE optionality as legacy apply


Proposal 2.A.1: For the Type-II codebook refinement for high/medium velocities based on Rel-17 FeType-II port selection codebook, the legacy Parameter Combinations are fully reused.


FL Note: For the Type-II codebook refinement for high/medium velocities based on Rel-17 FeType-II port selection codebook, for Rel-17 based, only N4=1 is supported hence any departure from legacy needs strong justification. In this case, it’s reasonable to assume that fully reusing legacy is the baseline (including all the applicable restrictions) 

	Proposal 2.A.1:
· Support/fine: ZTE, Huawei/HiSi, Xiaomi, OPPO, Samsung, Nokia/NSB, Lenovo/MotM, Google, vivo, Ericsson, NEC, LG, CATT, CMCC, IDC, Fujitsu, Qualcomm, Fraunhofer IIS/HHI, Apple
· Not support: 

	[bookmark: _Hlk127656417]2.2
	[112bis-e] Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, regarding CSI calculation and measurement, 
· …
· On PDSCH EPRE assumption for CQI calculation, a same powerControlOffset value is assumed for all the K configured CSI-RS resources comprising the CMR
· Alt 1: The configured powerControlOffset value is the same for all the K configured CSI-RS resources comprising the CMR
· Alt 2: The assumed PDSCH EPRE of all the K CSI-RS resources follows the configured powerControlOffset value of one fixed CSI-RS resource, e.g. the first one

Question 2.2: In terms of spec impact on UE procedure, the agreed cyan text is complete. The two listed alternatives (Alt1 and Alt2, in yellow) pertain to additional assumptions beyond the agreement. 
· Alt1 proposes to specify a NW behaviour which is atypical for specification (only UE behaviour is specified). Therefore, it shall be ruled out as invalid (no discussion needed). The intention is the same as what has been agreed, however it enforces NW behavior.
· Alt2 proposes an additional UE assumption that in addition to the agreed text. 
· Another additional UE assumption proposal from vivo is “a same powerControlOffsetSS value is assumed for all the K configured CSI-RS resources” (let’s call this Alt3). 


Conclusion 2.B.1: For the Rel-18 Type-II codebook refinement for high/medium velocities, regarding CSI calculation and measurement, there is no consensus in supporting the following additional assumption on PDSCH EPRE assumption for CQI calculation:
· Alt 2: The assumed PDSCH EPRE of all the K CSI-RS resources follows the configured powerControlOffset value of one fixed CSI-RS resource, e.g. the first one

Proposal 2.B.2: For the Rel-18 Type-II codebook refinement for high/medium velocities, regarding CSI calculation and measurement, a same powerControlOffsetSS value is also assumed for all the K configured CSI-RS resources comprising the CMR


FL Note: The above Alt2 and Alt3 can be treated as separate proposals. Whether one is supported or not may not affect the other.
The conclusions are based on the fact/reality that there is no consensus hence the implication follows whether one can accept (cope with) reality (that no consensus means no support) or not.

	Support Alt2 in addition to agreement?
· Yes: vivo, 
· No: Google, Intel, Xiaomi, Lenovo/MotM, Fraunhofer IIS/HHI, Apple, Qualcomm, OPPO, Samsung, NTT DOCOMO, Nokia/NSB, ZTE, LG, Huawei/HiSi, CATT, CMCC, Spreadtrum, Xiaomi, 


Proposal 2.B.2 (support Alt3 in addition to agreement) 
· Support/fine: vivo, MediaTek, Samsung, Lenovo/MotM, Google, CATT, IDC, Fujitsu, Spreadtrum, Qualcomm, Apple
· Not support: ZTE, Huawei/HiSi, Nokia/NSB






	2.3
	[112bis-e] Agreement
For the Type-II codebook refinement for high/medium velocities, regarding the required number and/or occupation time of CPUs, the values of Z/Z’, and total number active/simultaneous CSI-RS resource/ports, decide, in RAN1#113, at least based on the following factors: 
· The measurement of K>1 CSI-RS resources for Type-II CSI required to perform UE-side prediction, CSI-RS occasion(s) before CSI triggering (FFS whether to support), CSI-RS occasion(s) after CSI triggering and DD compression (when the configured N4 value is >1) 


Proposal 2.C.1: For the Rel-18 Type-II codebook refinement for high/medium velocities, regarding the CPU occupation: OCPU = Y.N4 [+4] when P/SP-CSI-RS is configured for CMR, or  OCPU = Y.K  when AP-CSI-RS is configured for CMR
· Y≥1 [when N4>1,] is defined based on UE capabilities and determined by the UE, and can be different between P/SP-CSI-RS and AP-CSI-RS. [Else, Y=1 when N4=1]
· FFS: Whether the supported value(s) of Y can depend on codebook parameter values
· The legacy specification on CPU pools is fully reused

FL Note: This proposal is a synthesis from the views of several companies


	Proposal 2.C.1:
· Support/fine: MediaTek, vivo, Qualcomm (with +4), Samsung, Ericsson, Nokia/NSB, Huawei/HiSi, Spreadtrum, Xiaomi, Lenovo/MotM, Apple, Google, CATT, NEC, CMCC, LG (w/o +4), OPPO (w/o +4), Intel (w/o +4), IDC, Fujitsu, Spreadtrum (w/o +4), Fraunhofer IIS/HHI,
· Not support: Apple (Y=1 when N4=1 not acceptable)




	
	Question 2.3.2: Please share your view on whether the legacy Z/Z’ should be fully reused (which is the baseline if no consensus on changing Z/Z’ is achieved)

Proposal 2.C.2: For the Rel-18 Type-II codebook refinement for high/medium velocities, regarding Z/Z’
· For N4=1: reuse legacy Z’ values
· For N4>1, introduce two UE capabilities:
· Capability 1: Reuse legacy Z’ values
· Capability 2: Legacy Z’ values + r  
· The value(s) of r>0 can depend on the configured N4 value
· FFS: exact value(s) of r
· [For AP CSI-RS: Z=Z’+14.(K–1).m
· Note: Z’ corresponds to the value of Rel-18 according to above and serves as a lower bound for discussion purposes (since Z’ is not applicable for P/SP CSI-RS)
· For P/SP CSI-RS: Z=Z’+w where w>0
· TBD: Value of w
· Note: Z’ corresponds to the value of Rel-18 according to above and serves as a lower bound for discussion purposes (since Z’ is not applicable for P/SP CSI-RS)]
Note: Since this pertains Type-II, the relevant values are Z2/Z2’


	Support/fine: ZTE, vivo, MediaTek, Samsung, Nokia/NSB, Ericsson, Qualcomm, Google, NEC, CATT, CMCC, Fujitsu, Spreadtrum, Xiaomi, Huawei/HiSi, Apple

Not support: LG (the last 2 bullets should be legacy Z+r), OPPO (same as LG), 

	
	Question 2.3.3: Please share your view on whether the legacy active resource definition should be fully reused (which is the baseline if no consensus on changing is achieved)

Proposal 2.C.3: For the Rel-18 Type-II codebook refinement for high/medium velocities, 
· for AP CSI -RS, reuse legacy definition and counting mechanism for active resources
· for P/SP CSI-RS, one resource is counted as occupying KP ≥1 active resource(s)
· TBD: the value of KP , e.g. N4, fixed value, or according to UE capability


	Support/fine: ZTE, vivo, MediaTek, Samsung, Nokia/NSB, Ericsson, Huawei/HiSi, Qualcomm, Google, NEC, OPPO, Intel, CATT, CMCC, IDC, Fujitsu, Spreadtrum, Xiiaomi, Fraunhofer IIS/HHI, Apple 

Not support:

	
	[112bis-e] Agreement
For the Type-II codebook refinement for high/medium velocities, regarding the required number and/or occupation time of CPUs, the values of Z/Z’, and total number active/simultaneous CSI-RS resource/ports, decide, in RAN1#113, at least based on the following factors: 
· The measurement of K>1 CSI-RS resources for Type-II CSI required to perform UE-side prediction, CSI-RS occasion(s) before CSI triggering (FFS whether to support), CSI-RS occasion(s) after CSI triggering and DD compression (when the configured N4 value is >1) 


Question 2.3.4: Please share your view on whether CSI-RS occasion(s) before CSI triggering should be supported or not



Conclusion 2.C.4: For the Type-II codebook refinement for high/medium velocities, regarding CSI measurement to facilitate UE-side prediction, when AP-CSI-RS is configured, there is no consensus in prohibiting the utilization of CSI-RS occasion(s) before CSI triggering 


FL Note: The conclusions are based on the fact/reality that there is no consensus hence the implication follows whether one can accept (cope with) reality (that no consensus means no support) or not.

	Proposal 2.3.4 (prohibit using occasions before triggering):
· Support/fine: Huawei/HiSi, NEC, ZTE, Samsung, Ericsson, Nokia/NSB, IDC, Fujitsu, Spreadtrum, Xiaomi, 
· Not support: vivo, Intel, CATT, CMCC, Qualcomm (not needed)
 

	
	
	



Table 3B Type II Doppler: summary of observation from SLS
(no SLS presented) 

Table 4 Additional inputs: issue 2
	Company
	Input

	Mod V0
	Please share your inputs on each of the issues and, if applicable, proposals in TABLE 3A

	Samsung
	Proposal 2.A.1: Support 

Question 2.2: We see no need for Alt2 as it is either redundant to the previous agreement or causing a confusing UE behaviour. 

Proposal 2.B.2: Fine

Proposal 2.B.3: Fine

Proposal 2.C.1: Although we don’t see the need for “4” for P/SP, we are fine with this synthesis 

Question 2.3.2: Prefer reusing legacy

Question 2.3.3: Prefer reusing legacy but open to discuss some relaxation  

Question 2.3.4: We don’t see the need for this


	ZTE
	Proposal 2.A.1: Support.

Question 2.2: From the specification perspective in TS38.214, Alt1 is OK.

Proposal 2.B.2: Not support. Clearly, powerControlOffsetSS is just used for DL path/coupling loss calculation and not relevant to CSI determination which is based on received signal power and noise/interference power, rather than actual transmitting power of CSI-RS. We do not think that having the same value or not will impacts on CSI determination for Doppler CSI.

Proposal 2.B.3: Not support. Last meeting we had the following assumption:
· Sharing same ports (small-scaling channel property can be inferred from the same port, besides for QCL/large-scaled ones) definitely means to having the same QCL assumption.
· Sharing the same frequency-domain (RE) pattern has been captured in the previous agreement. 

Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, regarding CSI calculation and measurement, 
· The number of CSI-RS ports is the same for all the K configured CSI-RS resources comprising the CMR and the antenna ports for the same antenna port index across the K CSI-RS resources are the same.
· All the K configured CSI-RS resources comprising the CMR share the same BW and RE locations 
… 

Proposal 2.C.1: Support. Regarding the FFS, we don’t support the value(s) of X can depend on codebook parameter values.

Question 2.3.2/3: Fully reused legacy. Besides, considering that increase of UE complexity in Doppler CSI is fully considered in the CPU occupation, the duplication relaxation for the occupation time of CPU, the values of Z/Z’ and total number active/simultaneous CSI-RS resource/ports may not be needed.

Question 2.3.4: Not support CSI-RS occasion(s) before CSI triggering.

	Mod V4
	Added proposals 2.C.2/3

	Lenovo/ MotM
	Proposal 2.A.1:
Support

Question 2.2:
Support Proposal 2.B.2 OK to support ordering based on port index + CSI-RS resource index

Proposal 2.C.1:
Can we replace X with another symbol, e.g., Y to avoid confusion with number of CQI values X?
[Mod: Thanks, yes]

	Google
	Proposal 2.A.1: Support.

Proposal 2.B.2: Support

Proposal 2.B.3: It seems the proposal is unnecessary, since “same port” is stronger than “same QCL”.

Proposal 2.C.1/2/3/4: Support.


	vivo
	Proposal 2.A.1
Support

Conclusion 2.B.1
We still think Alt 2 is clearly better than Alt 1 as Alt 2 can enable sharing CSI-RS between multiple CSI types for one UE, and between legacy UEs and Rel-18 UEs. For example, among these K NZP AP CSI-RS resources for Rel-18 UE, the first CSI-RS can be shared with Rel-15 UE1, the second on can be shared with Rel-15 UE2, and so on, where some parameters related to power control for the K CSI-RS can be different and Rel-18 UE only takes the first one out of K CSI-RS resources as reference to determine EPRE.

Proposal 2.B.2
We support proposal 2.B.2. The assumed Tx power of the multiple CSI-RS resources can be different, which is determined by the power offset between CSI-RS and SSB, i.e., powerControlOffsetSS. UE generally needs to make sure CSI prediction is performed assuming same Tx power for CSI-RS, otherwise the prediction performance is unpredictable/unreliable.
Based on the following section 5.2.2.3.1 for UE CSI reporting in 214, UE CSI processing based on CSI-RS needs to consider the configured value for powerControlOffsetSS. Further, the specification does not say anything about powerControlOffsetSS is only used for path loss calculation in power control. Hence this configuration is a valid configuration for CSI reporting. Besides, for TRS, the current spec has captured that same powercontrolOffsetSS is maintained for the resources in the TRS set.
	The UE can be configured with one or more NZP CSI-RS resource set configuration(s) as indicated by the higher layer parameters CSI-ResourceConfig, and NZP-CSI-RS-ResourceSet. Each NZP CSI-RS resource set consists of K≥1 NZP CSI-RS resource(s).
The following parameters for which the UE shall assume non-zero transmission power for CSI-RS resource are configured via the higher layer parameter NZP-CSI-RS-Resource, CSI-ResourceConfig and NZP-CSI-RS-ResourceSet for each CSI-RS resource configuration:
…
-	powerControlOffsetSS: which is the assumed ratio of NZP CSI-RS EPRE to SS/PBCH block EPRE. 


With different powerControlOffsetSS values, UE may have different implementation algorithms to align the Tx power of CSI-RS resources for prediction, which will impact the power of the predicted channel, and the CQI as well.

Proposal 2.C.1
It is clarified in the sub-bullet that X≥1 when N4>1. We should also clarify the case of N4=1 as well? 
[Mod: OK]
Questions 2.3.2 and 2.3.3
Only one P/SP CSI-RS resource is supported for CSI prediction. It counts as one for active resources occupation if we follow the current specification. This does not reflect the UE storage cost on using multiple occasions to perform CSI prediction.
To reflect the cost on UE storage to buffer multiple P/SP CSI-RS occasions for prediction, we think it is needed to let UE report the scaling factor for active resource counting.
Hence we propose
For Type II codebook refinement for high/medium velocities, 
· For AP CSI-RS, reuse legacy definition and counting for active resources.
· For P/SP CSI-RS, one resource is counted as KP >1 active resources, where KP is determined by UE capability.
[Mod: The current proposal accommodates this. So it should be agreeable to you]

Conclusion 2.C.4
We are not sure why we arrive at this conclusion. The current formulation of this conclusion is to have specification impact to introduce unnecessary restriction which eliminates the benefit of P/SP CSI-RS. Specifically, 
· For AP CSI-RS, CSI-RS should not be before CSI triggering. This is clear.
· For P/SP CSI-RS, if we fully reuse legacy behaviour and do not introduce any specification impact, the outcome should be not to limit the used CSI-RS occasions are after CSI triggering. For P/SP CSI-RS based CSI report, legacy spec only limits that the used CSI-RS occasions are no later than the legacy CSI reference resource.  What we are discussing here is whether to have further limit or not. If we want to make a conclusion, such conclusion should have no specification impact. 
Hence if we don’t have any conclusion, there is nothing wrong. If we really want to draw a conclusion, we think a right way to draw conclusion should be the following.
Conclusion 2.C.4: For the Type-II codebook refinement for high/medium velocities, regarding CSI measurement to facilitate UE-side prediction, there is no consensus in limiting the used supporting P/SP CSI-RS occasion(s) to be no earlier than before CSI triggering 
[Mod: I see. Then I’ll reword this as a proposal, and vivo not supporting]

Other issues
We discussed two more issues in our tDoc R1-2304465, for which we think early discussion on them is beneficial.
Issue 1: CSI reference slot in case of PUSCH repetition
In Rel-17, when A-CSI or SP-CSI are transmitted on PUSCH configured with repetition, the CSI are transmitted on two slots, i.e., the first PUSCH repetition corresponding to the first SRS resource and the first PUSCH repetition corresponding to the second SRS resource.
In Rel-18, CSI report slot is used to locate the start of CSI report window. The starting slot of CSI reporting window WCSI can be slot (n+δ) where CSI reporting slot is located in slot n. In this case, taking the latter repetition slot as reference to determine the location of WCSI.
Hence our proposal would be:
For the Type-II codebook refinement for high/medium velocities, in case of AP/SP CSI is carried on multiple slots in PUSCH repetition, use the last repetition slot carrying the AP/SP CSI as the reference to locate the CSI reporting window.

Issue 2: How to apply Type II codebook refinement for high/medium velocities in TDD
UE needs CSI-RS occasions in consecutive slots with uniform interval to implement training filter and channel prediction. However, for TDD system, some of the consecutive slots cannot accommodate CSI-RS occasion(s) due to issues like existence of UL symbols, or, DL symbols are overridden dynamically by UL symbols by DCI format 2-0.
Even though the channel of the dropped CSI-RS occasions can be acquired by some interpolation algorithms, the accuracy of channel would be reduced especially if the number of dropping occasions is considerable.
To address this issue, the dropped CSI-RS can be transmitted in valid DL symbols close to the configured symbols in the same slot. Such CSI-RS symbol shifting can be restricted in a predefined range to ensure the interval of two adjacent CSI-RS occasions is similar to m slots which has marginal impact on the training coefficients and prediction performance.
To start with, we suggest to make a conclusion first like following
Type II codebook refinement for high/medium velocities can be applied on TDD.

[Mod: Next round … maybe, if we have time]

	Mod V8
	Removed 2.B.3 since previous agreement on sharing port is already stronger (hence includes) QCL. 
Reformulated 2.C.4 as proposal
Some editorial revision


	Ericsson
	Support Proposal 2.A.1

Proposal 2.C.4: This proposal makes sense for AP CSI-RS.  Not sure why we need to put this restriction for P/SP CSI-RS.  Note that in Proposal 2.C.3, we say that ‘for P/SP CSI-RS, one resource is counted as occupying KP >=1 active resource(s)’.  Doesn’t this imply that the UE can use Kp past samples of the one P/SP CSI-RS to compute type II Doppler CSI?


	NEC
	Proposal 2.A.1:  Support.

Proposal 2.C.1:  Support.

Proposal 2.C.2:  Support. While just one thing for clarification, is that intention to have same “r” applied for both Z’ for Capability 2 (Legacy Z’ values + r) and Z for P/SP CSI-RS (Z=Z’+r)? If not, separate parameters seem to be needed. 

Proposal 2.C.3:  Support.

Proposal 2.C.4:  Support.


	LG
	Proposal 2.A.1:
Support

Conclusion 2.B.1: 
Support

Proposal 2.C.1:
Could proponents explain technical background of “+4” and “+1” in the equation? We are fine with increasing OCPU depending on N4 or K but fail to see the need to add constant value.
Proposal 2.C.2:
For relaxation of Z value, it should be something like “legacy Z value + r”, instead of “Z’+r” because we consider how much time is more needed on the top of legacy Z value. So, we suggest to start discussion with Z=Z+r for AP and P/SP CSIRS, respectively. Also, we suggest to use different notation to avoid confusion e.g. Z’=Z’+r1 and Z=Z+r2.

	OPPO
	Proposal 2.C.1: 
We have similar comment as LGE.

Proposal 2.C.2: 
We have similar comment as LGE on the equation. We think using Z’ may be misleading since it is not directly related to Z. 

Proposal 2.C.3: 
Support.

	Intel
	Proposal 2.C.1
For codebook configuration with N4 = 1, 5 CPUs are occupied by one report which may be too restrictive for gNB to configure such report. We think that it may be better to allow UE to report lower value (e.g., 4) for that case. Thus, we propose to modify the equation for P/SP CSI-RS by adding square brackets OCPU = Y.N4 +[4]. So, this value can be further discussed. 

Proposal 2.C.4: 
It seems that proposal is very restrictive and may limit the CSI prediction performance. So, we don’t support the proposal. We think that at least some UEs may use all the CSI-RS occasions for prediction filter training. So, this may be subject to UE capability. The current proposal is too limiting for UE implementation, i.e., it doesn’t allow UE implementations with better performance. 
  

	Huawei, HiSilicon
	Proposal 2.A.1, we can be fine with it.

Conclusion 2.B.1, we support it.

Proposal 2.B.2: We don’t support it. We don’t see any problem in CSI measurement and CQI calculation if different powerControlOffsetSS are configured for TRPs.

Proposal 2.C.1, we support it.

Proposal 2.C.2, for Z for AP CSI-RS, the intention is to fit all K CSI-RS occasions between triggering DCI and CSI reference slot. And the length for K CSI-RS occasions should be (K-1).m, therefore we propose to update the proposal as below. Note the delay is also very import for performance, with (K-1).m the delay can be reduced by one to two slots.

Proposal 2.C.2: For the Rel-18 Type-II codebook refinement for high/medium velocities, regarding Z/Z’
· …
· For AP CSI-RS: Z=Z’+14.(K-1).m
· Note: Z’ here serves as a lower bound for discussion purposes (since Z’ is not applicable for P/SP CSI-RS)
· …

Proposal 2.C.3, we are fine with it.

Proposal 2.C.4, we support proposal 2.C.4. If CSI-RS occasions before CSI triggering is supported, then UE has to buffer and process the configured CSI-RS all the time, and UE also has to switch on its RF all the time to avoid phase change between measuring of consecutive CSI-RS occasions. This is large challenge to UE capability and power consumption.


	CATT
	Proposal 2.A.1, Conclusion 2.B.1, Proposal 2.B.2, Proposal 2.C.1/2/3: 
Support

Proposal 2.C.4: 
We don’t support this proposal. UE should have the flexibility/capability to measure P/SP CSI-RS(s) as long as the CSI-RS is no later than CSI reference resource. It is not necessary to limit the used P/SP CSI-RS occasions for AP CSI reporting.

	CMCC
	Proposal 2.A.1
Support.

Conclusion 2.B.1
Support.

Proposal 2.C.1/2/3
Support.

Proposal 2.C.4
We think this proposal is not needed which restrict UE’s prediction algorithm. If UE want to use the CSI-RS measurement results before CSI triggering, it’s up to UE implementation. But the definition of CSI reference resource should follow legacy.

	Nokia/NSB
	Proposal 2.B.2
Not support. We don’t think powerControlOffsetSS is relevant for CSI calculation


Question 2.3.4
Although we are supportive in principle because it allows to reuse prediction filters for multiple AP CSI reports, there may not be enough time left to introduce this feature in this release, so we are ok with the conclusion



	Mod V21
	Revision on 2.C.1 (putting +1 and +4 in brackets) and 2.C.4 (added AP)
Re +1: same intention as CJT (accounting for legacy)
Re +4: this account for minimum periodicity for P/SP in my understanding of the proponents’ proposal (e.g. Qualcomm)


	vivo
	Proposal 2.B.2
To Nokia’s comments:
Please see our comments in a previous row in this table. Section section 5.2.2.3.1 for UE CSI reporting in 214 has listed powerControlOffsetSS as a parameter which is to be considered in CSI-RS measurement. Hence UE CSI processing needs to consider powerControlOffsetSS.
To Huawei’s comments:
We gave a simple example in our contribution R1-2304465 to explain the issue when powerControlOffsetSS is different for different resources. In general, if powerControlOffsetSS is different, UE may use different implementation choices to align the Tx power of multiple resources, or even choose not to deal with the Tx power difference, for predicting future channel. These different implementation choices will impact the final power and even precoder of the predicted channel, and the detailed UE implementation is unknown to gNB. Hence this will at least cause different interpretations between gNB and UE on the power assumption for reported CQI. To assume a same powerControlOffsetSS among all the resources will address this ambiguity issue. Further, such assumption of same powerControlOffsetSS only impacts CSI reporting, and it won’t impact other use cases such as UE power control.

Proposal 2.C.3
We propose the following for Kp, which in our view is a good compromise to consider both UE vendor’s and gNB’s needs.
Kp is determined based on UE capability, where its candidate values include {1, 2, 4}.
[Mod: This will be discussed next round once 2.C.3 is agreed]

	Fujitsu
	Proposal 2.A.1
Support.

Proposal 2.B.2: 
Support. 

Proposal 2.C.1/2/3:
Support.

Proposal 2.C.4
Fine with update version.

	Spreadtrum 
	Question 2.2: Support Conclusion 2.B.1. The agreed cyan text implies that Alt1 is the default solution. Alt1 is just a UE assumption which doesn’t specify NW behavior. 
Proposal 2.B.2: Support.
Proposal 2.C.1: In order to handle the increased UE complexity, we are fine to define a larger OCPU with UE capability in principle. Maybe we can adopt the same way as for Type II CJT to avoid adding [+4] and [+1].
Proposal 2.C.2: Support in principle.
Proposal 2.C.3: Support.
Proposal 2.C.4: Support the proposal targeting for AP-CSI-RS measurement.

	ZTE
	Proposal 2.C.4: Support the further clarification.

	InterDigital
	Proposal 2.A.1
Support

Proposal 2.B.2
Support

Proposal 2.C.1
Support

Proposal 2.C.3
Support

Proposal 2.C.4
Support

	Xiaomi
	Proposal 2.A.1:
Support

Conclusion 2.B.1:
Support

Proposal 2.B.2: 
We are fine to further discuss the proposal.

Proposal 2.C.1/2/3/4:
Support.

	Qualcomm
	Proposal 2.A.1: Support

Proposal 2.B.2: Support

Proposal 2.C.1: In our understanding, complexity does not differ regarding whether it is P-CSI-RS, or AP
Issue is only about signaling on number of CSI-RS resources, while K is clear for AP, single-resource counting is “unfair” for P.
Value 4 for P is borrowed from K={4,8,12} for AP (minimum K).
In our view, OCPU can be counted small when N4 is small e.g. N4=1 – but UE may still measure multiple CSI-RS occasions (e.g. 4 taken from minimum K)
Besides, we have no issue with removing “+1” for AP

Proposal 2.C.2: Tried some editorial change to eliminate ambiguity:
	Proposal 2.C.2: For the Rel-18 Type-II codebook refinement for high/medium velocities, regarding Z/Z’
· For N4=1: reuse legacy Z’ values
· For N4>1, introduce two UE capabilities:
· Capability 1: Reuse legacy Z’ values
· Capability 2: Legacy Z’ values + r  
· The value(s) of r>0 can depend on the configured N4 value
· FFS: exact value(s) of r
· For AP CSI-RS: Z=Z’+14.K.m
· Note: Z’ here corresponds to the value of Rel-18 according to above serves as a lower bound for discussion purposes (since Z’ is not applicable for P/SP CSI-RS)
· For P/SP CSI-RS: Z=Z’+rw where rw>0
· TBD: Value of rw
· Note: Z’ here corresponds to the value of Rel-18 according to above, and serves as a lower bound for discussion purposes (since Z’ is not applicable for P/SP CSI-RS)



Changed the 2nd “r” to another notation, to differentiate from above
[Mod: OK]

Proposal 2.C.3: Fine with the proposal. 
We prefer a fixed value of KP=4 taken from minimum value K={4,8,12} of AP case

Proposal 2.C.4: The modified proposal does not need to be proposed – since this is the mechanism of AP-CSI-RS, always in a “causal” way: after PDCCH
We think “causal” mechanism should also be assumed for P-CSI-RS (the original version of this proposal/conclusion), cuz UE is likely to use any pre-buffered CSI-RS occasions before PDCCH triggering, due to:
1) Receiving phase continuity is needed for channel H based extrapolation – we can’t assume UE receiving with phase continuity over all the time (no AGC, no micro-sleep)
2) Similar as Huawei/Hisi mentioned, UE has to assume there is a potential triggering anytime, thus keeps on buffering multiple CSI-RS occasions all the time – unnecessary waste of buffer cost and UE power


	Mod V31
	Some revision per inputs, including changing proposal 2.C.4 to conclusion 2.C.4


	Mod V32
	Per offline input, revised proposal 2.C.2 from K.m to (K-1).m – more precise

	Samsung
	Conclusion 2.B.1: support

Proposal 2.B.2: Fine

Proposal 2.C.1, 2.C.2, 2.C.3: Fine 

Conclusion 2.C.4: support

	Fraunhofer IIS/HHI
	Conclusion 2.B.1: Fine.

Proposal 2.A.1: Support. 

Proposal 2.C.1/3: Support. 

Conclusion 2.C.4: Fine.

	Mod V35/38
	No revision

	Apple
	Proposal 2.A.1: Fine.

Conclusion 2.B.1: Support.

Proposal 2.B.1: Support.

Proposal 2.C.1: Sorry, we have concern on this proposal. In the current specification, general principle is that CPU is the number of CMRs. Even when NW configures N4=1, NW may still configure more than 1 CMR (K>1) CMRs for CSI prediction. In which case, the first sub-bullet (“Else, Y=1 when N4=1”) is questionable. 

Proposal 2.C.2: Similarly to CJT, just want to make sure the legacy Z’ is referring to Z2’ only


Proposal 2.C.3: Fine.


	Mod V40
	Added clarification Note for 2/C/2 per Apple comment
For 2.C.1/2, I put the debatable parts in square brackets for online discussion




2.3 Issue 3: TRS-based reporting of time-domain channel properties (TDCP)

Table 5A Summary: issue 3 
	#
	Issue
	Companies’ views

	3.1
	Proposal 3.A.1: For the Rel-18 TRS-based TDCP reporting, for TDCP measurement and calculation with KTRS configured resource sets, the UE can assume commonly configured powerControlOffsetSS value for all the KTRS configured resource sets

FL Note: This was proposed in RAN1#112bis-e but didn’t get discussed 

	Support/fine: MediaTek, Samsung, Google, Lenovo/MotM, vivo, Ericsson, NEC, LG, OPPO, CATT, Qualcomm, CMCC, IDC, Fujitsu, Spreadtrum, Xiaomi, APple

Not support: Huawei/HiSi, Nokia/NSB, ZTE,

	
	[112bis-e] Agreement 
For the Rel-18 TRS-based TDCP reporting, for TDCP measurement and calculation, at least the following restrictions are supported:
· When all the configured KTRS resource sets are periodic, the UE can assume that all the resource sets share a same QCL-Type-A/C and, if applicable, Type-D source 
· If the joint use of P and AP-TRS resource sets is supported for TDCP measurement and calculation, when one of the KTRS configured resource sets is aperiodic, the UE can assume that the aperiodic resource set is configured with QCL-Type-A and, if applicable, Type-D source with the resources of the one of the (KTRS – 1) periodic TRS resource sets 
· Note: Following the legacy specification, no more than 1 of the KTRS resource sets is aperiodic 
· TBD (RAN1#113): whether the joint use of P and AP-TRS resource sets is supported for TDCP measurement and calculation or not 
· [bookmark: _Hlk133320860]FFS: whether the UE shall assume the same antenna port for the CSI-RS resources in all the resource sets 


Proposal 3.A.2: For the Rel-18 TRS-based TDCP reporting, for TDCP measurement and calculation, joint use of P and AP-TRS resource sets is supported for TDCP measurement and calculation is supported at least for Y=1 as a UE-optional feature
· FFS: If supported for Y>1 as well

Proposal 3.A.3: For the Rel-18 TRS-based TDCP reporting, for TDCP measurement and calculation, the UE shall assume the same antenna port for the CSI-RS resources in all the resource sets


	Proposal 3.A.2: Support for joint use of P and AP-TRS
· Support/fine: ZTE, vivo, CATT, Intel (at least for Y=1), Google, NEC, Samsung, Nokia/NSB (optional), Lenovo/MotM, Ericsson, LG, OPPO, Huawei/HiSi, CMCC, IDC, Fujitsu, Spreadtrum, Xiaomi
· Not support: Qualcomm, Apple 


Proposal 3.A.3: Same antenna port for CSI-RS resources in all the resource sets
· Support/fine: Spreadtrum, NEC, CATT, Google, Samsung, Google, vivo, Ericsson, LG, Qualcomm, CMCC, IDC, Fujitsu, Spreadtrum, Xiaomi, Apple
· Not support: Xiaomi, ZTE, Nokia/NSB 


	
	[112bis-e] Agreement 
For the Rel-18 TRS-based TDCP reporting, for TDCP measurement and calculation, 
· KTRS ≥1 TRS resource set(s) can be configured in the CSI reporting setting when ReportQuantity is ‘tdcp’ 
· Note: the TRS resource set(s) configured for TDCP report do not impact or impose any new requirements on the UE behavior when processing TRS used as QCL type A/D source for reception of PDxCH.
· No further spec enhancement on TRS is supported 
· All the TRS resources in the configured resource set(s) share the same RE locations
· FFS: Whether to add further restrictions on the TRS resource set(s) on, e.g. QCL relationship, power control, slot offset between TRS resource set(s), relation with resource set used for legacy usage  

Question 3.1: For the Rel-18 TRS-based TDCP reporting, other what’s already agreed and proposal 3.A.1, please share your view on whether to support additional restrictions on the TRS resource set(s) used for TDCP measurement and calculation

Yes: NEC (slot offset according to D)
No: Ericsson, OPPO, Fujitsu, Samsung


	[bookmark: _Hlk134710039]3.2
	 [112bis-e] Agreement 
For the Rel-18 TRS-based TDCP reporting, regarding the quantization of wideband normalized amplitude value, down-select (by RAN1#113) from the following candidates:
· Alt1: N=2Q-1 where Q=5, s={1/5, ¼, 1/3} 
· Alt2: N=2Q where Q=3, s={¼, 1/3, ½, 2/3, ¾} 
· Alt3: N=2Q where Q=4, s={¼, ½, 2/3, ¾} 
· Alt4: N={2Q –1, …, 2Q+1 –1} (i.e., 7-15) where Q=3, s={1/5, ¼, 1/3, 2/5, ½, 3/5, 2/3, ¾, 4/5} 
· Alt4A: N={2Q , 2Q+0.5,…, 2Q+1-0.5} (i.e., 8, 8.5,…,15.5) where Q=3, s={1/5, ¼, 1/3, 2/5, ½, 3/5, 2/3, ¾, 4/5}
Once an alternative is selected, reducing the number of candidate values for s is not precluded. 
Companies can simulate each alternative with and without a configurable center threshold


Proposal 3.B.1: For the Rel-18 TRS-based TDCP reporting, regarding the quantization of wideband normalized amplitude value, further down-select (by RAN1#113) from the following candidates:
· Alt1: N=2Q-1 where Q=5, s=1/3  
· Alt3: N=2Q where Q=4, s=½
FFS: Whether further overhead reduction is needed for Y>1


FL Note: This issue has been discussed OFFLINE [1]. 

	Proposal 3.B.1:
· Support/fine: Google, MediaTek, ZTE, Ericsson (s=1/4, 1/3), Xiaomi, Lenovo/MotM, vivo, LG, NEC, Samsung, Nokia/NSB, NTT DOCOMO, Sharp, Google, Huawei/HiSi, CMCC, IDC
· Not support:


Alt1 Q=5 s=1/3: Ericsson, Xiaomi, Nokia/NSB, MediaTek, CATT, Mavenir, Qualcomm, CMCC 

Alt3 Q=4 s=1/2: ZTE, Lenovo/MotM, vivo, NEC, MediaTek, Samsung, Huawei/HiSi, IDC, Fujitsu 

Italic: with TP results

OK to support both Alt1 and Alt3?
· Yes:
· No (concern): MediaTek, Samsung, LG, Huawei/HiSi, Nokia/NSB

Further overhead reduction for Y>1?
· Differential: Samsung
· Not needed: Xiaomi


	
	[112bis-e] Agreement 
For the Rel-18 TRS-based TDCP reporting, regarding the quantization of wideband normalized amplitude value, 
· At least the following size-Q quantization alphabet is supported:  where 
· TBD: supported value(s) of N (e.g.  or a larger value), Q, s (e.g. ½, ¼, 1/8, …), whether a center threshold is also supported (and if so, higher-layer configured)
· FFS: Whether different schemes can be supported for different use cases


Conclusion 3.B.2: For the Rel-18 TRS-based TDCP reporting, regarding the quantization of wideband normalized amplitude value, there is no consensus on supporting a configurable center threshold


Conclusion 3.B.3: For the Rel-18 TRS-based TDCP reporting, regarding the quantization of wideband normalized amplitude value, there is no consensus on supporting different schemes for different use cases. Therefore, only one scheme is supported

FL Note: The conclusions are based on the fact/reality that there is no consensus hence the implication follows whether one can accept (cope with) reality (that no consensus means no support) or not.

	Support for center configurable threshold?
· Yes: Samsung, Nokia/NSB
· No (baseline): ZTE, MediaTek, Lenovo/MotM, Huawei/HiSi, Ericsson, Fujitsu, Xiaomi, Google, vivo, NEC, LG, OPPO, CATT, CMCC, Spreadtrum, Apple


Different schemes for different use cases?
· Yes:
· No (baseline): MediaTek, Ericsson, Samsung, Lenovo/MotM, Google, vivo, NEC, LG, OPPO, Huawei/HiSi, CATT, CMCC, Spreadtrum, Xiaomi, Apple


	3.3
	Proposal 3.C.1: For the Rel-18 TRS-based TDCP reporting, regarding the quantization of phase value, further down-select (by RAN1#113) from the following candidates (where  denotes delay):
· Alt3. A given correlation phase value  is quantized to  based on the 4-bit (16-PSK) uniform quantization (full reuse of Rel-16 eType-II W2 phase quantization)
· Alt5. A given correlation phase value  is quantized to  based on the following size-16 alphabet: 
FFS: Whether further overhead reduction is needed for Y>1


FL Note: This issue has been discussed OFFLINE [1]. 

	Proposal 3.C.1:
· Support/fine: Google, MediaTek, Lenovo/MotM, vivo, Huawei/HiSi, Fujitsu, LG, Xiaomi, NEC, ZTE, Ericsson, Samsung, Nokia/NSB, NTT DOCOMO, Sharp, OPPO, Qualcomm,CMCC, IDC
· Not support:

Alt3 uniform: Google, MediaTek, Lenovo/MotM, vivo, Huawei/HiSi, Fujitsu, LG, Xiaomi, NEC, CATT, Sony, Nokia/NSB, CMCC, IDC

Alt5 exponential: ZTE, Ericsson, Samsung, Mavenir 

OK to support both Alt3 and Alt5?
· Yes:
· No (concern): Samsung, MediaTek, vivo, Nokia/NSB, Ericsson, LG, Huawei/HiSi, Qualcomm 

Further overhead reduction for Y>1?
· Differential: Samsung
· Not needed: Xiaomi


	3.4
	[112bis-e] Agreement 
For the Rel-18 TRS-based TDCP reporting, regarding the value of parameter Y, in addition to Y=1, support Y=2, 3, 4
FFS: Whether Y=7 is also supported

[112bis-e] Agreement 
For the Rel-18 TRS-based TDCP reporting, 
· Support the following D (delay) values: 4 symbols, 1 slot, 2 slots, 3 slots, 4 slots, 5 slots
· Working assumption: Support the following D (delay) values in a separate UE Feature Group: 6 slots, 10 slots
FFS: The value of Dbasic
FFS: Applicability of each D value candidate for different SCS values and/or other parameters (e.g. Y, quantization)


Conclusion 3.D.1: For the Rel-18 TRS-based TDCP reporting, regarding the value of parameter Y, there is no consensus in supporting Y=7



{3.D.2, 3.D.3: Will add later after more discussion}


FL Note: Re confirming or reverting WA, although WA may be captured in the spec(s), it should be noted that the relevant text will have to be removed from the spec(s) when the text is challenged AND the WA is not confirmed. 

The conclusions are based on the fact/reality that there is no consensus hence the implication follows whether one can accept (cope with) reality (that no consensus means no support) or not.

	Whether Y=7 is also supported:
· Yes: Samsung, ZTE, Mavenir, Fujitsu
· No: MediaTek, vivo, LG, OPPO, CATT, Apple 

Whether to confirm or revert WA on D=6 and/or 10 slots:

Confirm 6?
· Yes: ZTE, Xiaomi, NEC, Samsung, Ericsson
· No (revert): MediaTek

Confirm 10?
· Yes: ZTE, Xiaomi, NEC, Samsung, Mavenir, Ericsson
· No (revert): MediaTek

Dbasic:
· 5 slots: Mavenir
· 4 slots:
· 3 slots:
· 2 slots: IDC, Intel, NEC, Ericsson
· 1 slot: IDC, Huawei/HiSi, MediaTek, vivo
· 4 symbols: MediaTek


	
	
Question 3.4.4: For the Rel-18 TRS-based TDCP reporting, regarding the value of parameter D, please share your preference between the following:
· Alt1: The value of D is explicitly configured by the NW via RRC signaling
· Alt2. The value of D is inferred from the configured TRS resource set(s)


Proposal 3.D.4: For the Rel-18 TRS-based TDCP reporting, regarding the value of parameter D, the value of D is explicitly configured by the NW via RRC signalling
· Note: this implies that dynamic change of delay for aperiodic TRS resource set is not supported


FL Note: Summary 
Alt1: Qualcomm, ZTE, Samsung, Lenovo/MotM, vivo
Alt2: Intel

	Proposal 3.D.4:
· Support/fine: Qualcomm, ZTE, Samsung, Lenovo/MotM, vivo, Ericsson, LG, OPPO, Intel (with the Note), Huawei/HiSi, CATT, CMCC, IDC, Fujitsu, Xiaomi, Apple
· Not support: 

	3.5
	Proposal 3.E.1: For the Rel-18 TRS-based TDCP reporting, the normalized amplitude for the 1st delay is placed in UCI part 1. 
· Note: This doesn’t imply that two-part UCI is utilized for TDCP reporting (which is aperiodic)


FL Note: Since TDCP reporting only includes AP-CSI hence is only on PUSCH, the two-part UCI needs to be used. But there is no reason not to place the amplitude for the first delay in UCI part 1.

	Support/fine: ZTE, Samsung, Lenovo/MotM, Google, vivo, Ericsson, OPPO, CATT, Qualcomm, CMCC, IDC, Fujitsu, Xiaomi, Apple

Not support: 

	
	Question 3.5.2: For the Rel-18 TRS-based TDCP reporting,
· When Y>1 is supported and the value of Y is configured to be >1, please share your preference from the following alternatives
· AltA1: The (Y–1) normalized amplitudes for the 2nd, …, and Yth delays are placed in UCI part 1
· AltA2: The (Y–1) normalized amplitudes for the 2nd, …, and Yth delays are placed in UCI part 2
· FFS: whether in group 0 only or partitioned across group 0, 1, and 2
· When phase reporting is supported and switched ON, please share your preference, from the following alternatives 
· AltP1. The Y phases are placed in UCI part 1
· AltP2. The Y phases are placed in UCI part 2
· FFS: whether in group 0 only or partitioned across group 0, 1, and 2
· AltP3. When Y>1 is supported and the value of Y is configured to be >1, the phase for the 1st delay is placed in UCI part 1 while the (Y–1) phases for the 2nd, …, and Yth delays are placed in UCI part 2
· FFS: for the parameters placed in part 2, whether in group 0 only or partitioned across group 0, 1, and 2

Proposal 3.E.2: For the Rel-18 TRS-based TDCP reporting,
· When Y>1 is supported and the value of Y is configured to be >1, the (Y–1) normalized amplitudes for the 2nd, …, and Yth delays are placed in UCI part 1
· When phase reporting is supported and switched ON, the Y phases are placed in UCI part 1
· Note: This doesn’t imply that two-part UCI is utilized for TDCP reporting (which is aperiodic)

FL Note: Summary:
AltA1: ZTE, Google, vivo, Ericsson, OPPO, Huawei/HiSi, CMCC
AltA2: Samsung, Lenovo/MotM

AltP1: ZTE, Google, vivo, Ericsson, OPPO, Huawei/HiSi, CMCC
AltP2: Samsung, Lenovo/MotM
AltP3:
 
	Proposal 3.E.2:
· Support/fine: ZTE, Google, vivo, Ericsson, OPPO, Huawei/HiSi, CMCC, IDC, Fujitsu, Xiaomi, Qualcomm, Apple, Nokia/NSB, MediaTek, Lenovo/MotM
· Not support: Samsung

	3.6
	Question 3.6: For the Rel-18 TRS-based TDCP reporting, please share your view on the number of CPUs and the values of Z/Z’ in relation to the legacy specification and potentially relevant factor(s) (e.g. values of D, Y, whether phase is also reported)

Views so far:
· OCPU=Y.X: ZTE, Ericsson, Google, Samsung
· OCPU=(Y+1).X: MediaTek
· OCPU=1: Intel
· Legacy Z/Z’: Qualcomm, ZTE, Google, Ericsson, Samsung 



	3.7
	Question 3.7: For the Rel-18 TRS-based TDCP reporting, please share your view on how TDCP measurement is defined in the specs (e.g. 38.214/215).

Views so far:
· Averaged across RX ports: Google
· Whether time restriction on channel measurement can be used or not: ZTE, Ericsson (not configured)
· Defined similar to L1-RSRP: Samsung



Table 5B TDCP: summary of observation from simulation (LLS/SLS, throughput results only)
	Company
	LLS/SLS results
	
	

	
	Metric
	Use case
	Parameter
	Observation

	Issue 3.2 (amplitude quantization)


	ZTE
	LLS: Avg. UPT vs speed
	SRS periodicity
	Y=1
D=2,6,10
	Regarding amplitude quantization on TDCP, LLS evaluation results show that:
· Alt1 with s = ¼ and s = 1/3 can work well for all delays, but it is a little bit redundant (especially considering that there are too many quantization points around 1);
· Alt2 and Alt4 cannot provide sufficient quantization granularity around multiple thresholds, hence cannot balance the performance across different speeds;
· Alt3 with s = ½ shows similar performance as Alt1 with s = ¼ and s = 1/3, but save one bit.

	MediaTek
	LLS: UPT vs speed
Quantization MSE vs speed
	T1-T2 switch
	Y=1
D=2

	Alt1 vs Alt2 vs Alt3
Figure 1 shows that 5-bit quantization with s = 1/3 and s= ¼ both can successfully adapt to the changing channel environment, while s = 1/5 fails to adapt. The reason is that the threshold which dictates the switching point between the two codebooks lies outside the range of  quantization levels determined by s and N.
Figure 2, on the other hand, shows that all options fail to adapt when  and .
Finally, Figure 3 show that when , only  can adapt to the changing channel environment and select the optimal codebook, while  fails to adapt.

	Ericsson
	LLS: UPT vs speed

	T1-T2 switch and CSI periodicity

FL note: CSI periodicity use case is NOT according to previous agreement and hence will not carry equal weight, if any, for decision making
	Y=1
D=1,2,3,4,5,6,8
CSI period: 10,20
	We show the impact of the range requirements coming from the thresholds in Table 1 as based on our simulations of CSI Type I – Type II switching as well as for switching between 10slot and 20slot CSI periodicity. The only schemes that fulfill all range requirements are
· Alt 1 with s=1/3
· Alt 3 with s=2/3
· Alt 3 with s=4/3

we show instead the combined impact of all evaluated combinations of use-cases and correlation lags, i.e. from the use-cases of switching between CSI Type I and CSI Type II based on 1, 2, 3, 4, 5, 6 and 10 slot correlation delay as well as switching between CSI periodicity of 10 slots and 20 slots based on 2 and 5 slots correlation delays. The only quantization schemes supporting all use-cases and correlation lags are
· Alt 4 with N=12 and s=4/5
· Alt 4A with N=12 and s=4/5

We see that higher granularity (i.e., smaller s) generally gives better performance. For 1 slot and 2 slots the quantization loss for s=2/3 and s=4/3 is roughly 4Mbps and the quantization loss for s=1/2 is roughly 2Mbps while the quantization loss for s=1/4 and s=1/3 is less than 1Mbps. For 5 slots correlation delay the quantization losses are a bit smaller (roughly half as big as for 1 slot and 2 slots) but the pattern is the same

The optimal threshold in Figure 11 is ~0.9942. From the figure we can see that to ensure that the loss is smaller than 1Mbps compared to the optimal threshold, the threshold needs to be larger than 0.9934 and smaller than 0.995.
0.9934 < Threshold < 0.995

From Figure 12 we see that the quota of the standard deviation of the autocorrelation estimate to one minus the autocorrelation for high SNR, is roughly constant and roughly equal to 0.4. 

	Nokia/NSB
	LLS: UPT vs speed

	T1-T2 switch
	Y=1
D=1,2,3,4,5,6,10
	[bookmark: _Ref135036391]Fine tuning the quantisation levels by configuring the quantisation parameters  and  and using a small bitwidth of  bits (Alt 4 and 4a) appears to achieve similar performance as using a fixed quantizer with larger bitwidth of  or 5 bits (Alt 1 and 3).

We then tested Alt 1 and 3 by using a fixed value of the quantisation step . Results are reported in Figure 9 to Figure 15. Compared to Alt 1 with s=1/4 and Alt 3 with s=1/2, Alt 1 with s=1/3 showed better performance for the delay of 1 slot and similar performance for all other delay values.

	Issue 3.3 (phase quantization)


	ZTE
	LLS: Avg. UPT vs speed
	SRS periodicity
	Y=4,7
D=5,10
	Regarding phase quantization of TDCP, LLS evaluation results show that
· Alt5 outperforms Alt3 with higher DL throughput;
· For Alt5, s = 1 is superior to s = ½;
For Alt5, Q = 4 is redundant and shows no benefits over Q = 3.

	Nokia/NSB
	LLS: UPT vs speed
	T1-T2 switch
	Y=2,4,7
D=6,10

	Legacy 4-bit uninform phase quantisation of Alt 3 achieves same or better performance than logarithmic quantisation of Alt 5, under Type-I/Type-II switching use-case.

	Issue 3.4 (Y, D)


	ZTE
	LLS: Avg. UPT vs speed
	SRS periodicity
	Y=4,7
D=5,10
	Furthermore, a larger D can also increase the frequency resolution and improve the performance in both use cases. From the LLS results in Figure 3, D = 10 slots performs better than D = 5 slots. Besides, through our evaluation (including previous evaluations), the SCS is set as 30kHz, then 5 slots @ 30 kHz SCS is equivalent to 10 slots @ 15kHz SCS. Based on above, D = 10 slots should be supported for TDCP report.

From the LLS results in Figures 6~9,
· Y = 7 performs better than Y= 4;
· D = 10 slots performs better than D = 5 slots.

	Ericsson
	LLS: UPT vs speed
	T1-T2 switch
	D=1,2,3,4,5,6
D=1,2,3,4,5,6,8,10,12

	Generally at all SNRs we see that 1 slot and 2 slot delay result in bad switching performance.
At medium SNR (Figure 2) and high SNR (Figure 1) we see that the performance for 3 to 6 slot delay is similar.
At low SNR (Figure 3 and Figure 4) we see that 6 slots, or equivalently 6*14=84 symbols, gives the best performance.

For case with TRS colliding with PDSCH, a delay of 84 symbols gives the best performance at low SNRs.

For case with TRS colliding with PDSCH, a delay of 36 symbols gives good performance at medium to high SNRs.

For case with TRS colliding with TRS, a delay of 140 symbols is needed for good switching performance.

	Ericsson
	LLS: UPT vs speed
	T1-T2 switch
	
	In Figure 17  , we show the performance of time correlation based switching between CSI Type I and CSI type II for 20MHz bandwidth without averaging over time and with averaging over ten consecutive measurement occasions. In Figure 17  we show the performance of time correlation based switching between CSI Type I and CSI type II for 100MHz bandwidth for small correlation delays, without averaging over time and with averaging over ten consecutive measurement occasions. In both cases we see that there is a significant improvement in performance when averaging over time is done.




Table 6 Additional inputs: issue 3
	Company
	Input

	Mod V0
	Please share your inputs on each of the issues and, if applicable, proposals in TABLE 5A

	Samsung
	Proposal 3.A.1/2/3: Support

Proposal 3.B.1: Support, and prefer Alt3. Looking at the results from different companies we fail to see the gain of Alt1 over Alt3 while costing 1 additional bit (25% more overhead relative to Alt3). Both ALt1 and Alt3 perform equally while Alt1 incurs 25% more overhead. 
· In addition, we propose to introduce differential encoding for Y>1. Given the limited (somewhat dubious) performance benefit of Y>1, the additional overhead for (Y-1) amplitude values should be reduced further. In addition, the amplitude values for the remaining (Y-1) delays aren’t expected to differ that much for the 1st delay. Assuming Alt3 (4 bits per amplitude), we propose to use only 1-2 bits for the remaining (Y-1) bits using differential encoding relative to the 1st delay.
Proposal 3.C.1: Support, and prefer Alt5 since after delay and frequency compensation, the residual phase per slot is close to zero. 
· In addition, we propose to introduce differential encoding for Y>1 to reduce overhead. With a 4-bit phase for the 1st delay, we propose to use only 1-2 bits for the remaining (Y-1) bits using differential encoding relative to the 1st delay.
Proposal 3.E.1: Support

Question 3.5.2: For Y>1, the remaining (Y-1) amplitude values should be assigned a lower priority. In addition, when phase is switched on, the Y phase values should also be assigned a lower priority. Hence we prefer AltA2 and AltP2 for simplicity.


	ZTE
	Proposal 3.A.1: One question for clarification: for TDCP, we do not need to calculate the CQI (for virtual PDSCH), and then whether/how to use the powerControlOffset in TDCP determination is questionable.

Proposal 3.A.2: Support the proposal. When Y=1, the P+AP TRS resource sets configuration supports TDCP measurement using the minimum RS resource overhead. We agree to limited this configuration for Y=1, but UE optional or not may be left over for UE feature discussion.

Proposal 3.A.3: Do NOT support. We didn’t see the technical necessity to set this restriction. In technical, if we have 0.5 or less channel correlation, we fail to say that they are still the same port (inferring small scaled channel property from the others). Therefore, the same QCL assumption as what we agreed seems sufficient. 

Question 3.1: No additional restrictions are needed.

Proposal 3.B.1: Regarding amplitude quantization of TDCP, we prefer Alt3 with s=1/2. We evaluated Alt1(s=1/3) and Alt3(s=1/2) via LLS in the use case of SRS periodicity determination. It is shown that Alt1 and Alt3 have similar performance, but Alt3 saves 1 bit as a benefit. Moreover, one main difference between the two alternatives is that Alt1 sets more quantization grids around 1 than Alt3. However, when the estimate of channel correlation is disturbed by noise, there would exist a basis in the estimated result, i.e., , where  is the basis and it is positively related to noise level. Although this basis can be reduced via noise suppression methods, it cannot be completely removed, especially in practical implementation. Therefore, considering the basis, the threshold(s) in both use cases may NOT be set very close to 1. Then the quantization values which are very close to 1 would be useless. Therefore, although Alt1 uses one more bit, the increased quantization values may be wasted.

Conclusion 3.B.2/3: We are fine with this conclusion.

Proposal 3.C.1: Regarding phase quantization of TDCP, we prefer Alt5, i.e., exponential quantization. Considering frequency compensation is implemented at UE side, the final phases are concentrated around either 0 or 2pi. Based on this point, Alt5 can provide higher phase quantization accuracy over Alt3. We evaluated the performance of Alt3 and Alt5 via LLS in the use case of SRS determination. The results show that Alt5 outperforms Alt3 with higher DL throughput. Furthermore, we also compared the performance of uniform phase quantization (generalization of Alt3) and exponential phase quantization (Alt5) with aligned quantization bits. It is also shown that exponential phase quantization is superior to uniform phase quantization.

Conclusion 3.D.1: Not support. From technical perspective, we believe Y=7 is beneficial for increasing the frequency resolution in Doppler spectrum and improve system performance in both use cases.

Issue 3.D.2/3: Please review our evaluation results for D=6/10 slot cases in our contribution. Per comprehensive evaluation, D=6/10 in all cases can work well. Since the TDCP motivation is to assist the determination of SRS periodicity/Type-I/II switching rather than identifying exact Doppler shift (which may be compensated by UE as well), we suggest to confirm the working assumption.

Question 3.4.4: Regarding the configuration of D, we prefer Alt1, i.e., D is explicitly configured by NW via RRC signaling. In our view, this issue is similar to the configuration of Y. If D is inferred from TRS configuration (Alt2), we have to set several restrictions to guarantee that UE can correctly determine the value of D. This would undoubtedly increase spec complexity. In comparison, Alt1 is a more straightforward solution.

Proposal 3.E.1/Question 3.5.2: We prefer a simplified design of putting all Y amplitude/phase results in CSI-Part-1.

Question 3.6:
· Regarding Z/Z’, we prefer to keep legacy definition of Z/Z’ for TDCP report, i.e., Z/Z’ = Z2/Z2’, where Z2/Z2’ are defined in table 5.4-2 in clause 5.4 of  [TS 38.214]).
· Regarding OCPU, we believe the measurement complexity of TDCP is related to the value of Y and UE capability X, hence, we are fine with either OCPU=Y.X or (Y+1).X (considering at least Y+1 TRS occasions are needed for TDCP measurement).
Question 3.7: To our understanding, the measurement of TDCP is UE implementation, and does not need specified in the specs. But, one question for clarification: whether we can configure ‘timeRestrictionForChannelMeasurements’ for TDCP as for RSRP/SINR/CSI. 


	Mod V4
	No revision


	Lenovo/ MotM
	Proposal 3.A.1:
We share the same question as ZTE. In our understanding, PowerControlOffsetSS is the parameter that needs to be common
[Mod: Correct, revised]

Proposal 3.A.2:
Support, prefer to remove [only for Y=1]

Proposal 3.B.1:
Support Alt3

Conclusion 3.B.2/3:
Support

Proposal 3.C.1:
Support Alt3

Question 3.4.4:
Support Alt1

Proposal 3.E.1:
Support

Question 3.5.2:
Support AltA2 and AltP2

Question 3.7:
OK to discuss. We propose adding a bullet point on whether ‘TDCP’ report quantity can be multiplexed with other report quantities, e.g., RI-PMI-CQI. Our preference is that ‘TDCP’ is standalone but prefer to have an explicit agreement to avoid further debate in maintenance phase 
[Mod: We have the following agreement:
[112] Agreement
For the Rel-18 TRS-based TDCP reporting, support multiplexing TDCP reporting with other UCI parameters on PUSCH following the legacy UCI multiplexing rule for AP-CSI
]


	Google
	Proposal 3.A.1/2/3: Support

Proposal 3.B.1/2/3: Support
 
Proposal 3.C.1: Support

Proposal 3.D.1: Support

Proposal 3.E.1: Support. We think every component for TDCP should be in CSI part 1.

Question 3.6: Support O_CPU = Y*X, and reuse legacy Z/Z’

Question 3.7: We think the UE behavior for TDCP measurement >1 Rx should be clarified, similar to other metrics, e.g., L1-RSRP/L1-SINR. 


	Vivo
	Proposal 3.A.1
We don’t think powerControlOffset is useful in TDCP as there is no assumed PDSCH transmission here. It seems no need to discuss it.
It is more valuable to discuss powerControlOffsetSS. The current spec has already specified powerControlOffsetSS needs to be same for resources in a set.
[Mod: Correct, revised]

Proposal 3.A.2
OK

Proposal 3.A.3
OK

Proposal 3.B.1
OK and prefer Alt 3. The benefit of using high overhead to represent the range of [0.9, 1] in Alt 1 is not clear.

Conclusion 3.B.2
OK

Conclusion 3.B.3
OK. We don’t support to have multiple methods for different use cases. One single solution is sufficient.

Proposal 3.C.1
We support Alt 3 only. Due to issues like noise and interference, UE’s frequency offset estimation may not be accurate. Due to the impact from large or small lag values, phases may not be located around 0. Based on the above, uniform phase quantization is the most valid and simplest approach. Some simulation results also imply this.
Further, we don’t support to specify multiple solutions.

Issue 3.4
We are ok not to support Y=7.
We support D_basic = 1 slot.

Question 3.4.4
Alt 1

Issue 3.5
First of all, we need to discuss whether one-part or two-part encoding is used. 
[Mod: There is no need to discuss this separately first as you suggested because if you read the question more carefully, it is already implied that AltA1/P1 is 1-part and the other 2-part. So all you need to do is just to answer my question 😊]
Even for PUSCH, it is not always needed to use two parts. For example, for L1-RSRP or L1-SINR based beam report, only one part is used even in PUSCH. Since there is no variable part in UCI payload, i.e., the payload is fixed when the value of Y and the report content (phase and amplitude, or amplitude only) are configured, it seems not needed to use two-part encoding.
[Mod: Replying that you prefer AltA1/P1 with some reasoning would suffice 😊]

Issue 3.7
We think how to define the measurement and its requirement should be up to RAN4 discussion. RAN1 does not have the expertise to discuss this. The final outcome is to be captured in RAN4 specs and 215.


	Mod V8
	Revised proposal 3.A.2 to make it agreeable
Added proposal 3.D.4


	Lenovo/ MotM
	@mod: Thank you for your response. There is also another agreement in RAN1#110, as follows:

Agreement
The Rel-18 TRS-based TDCP reporting comprises stand-alone auxiliary feedback information to enable refinement of CSI reporting configuration, and/or codebook configuration parameters, and/or (to be confirmed in RAN1#110) gNB-side CSI prediction
· Not conditioned on other UCI parameters
· Not reported together with CQI/PMI/RI/(CRI) associated with a codebook
· Note: This does not prevent TDCP reporting from being multiplexed with other UCI parameters on PUCCH and/or PUSCH
· Note: Aperiodic reporting is supported (per agreed Alt1 in RAN1#109-e)

In our understanding, the highlighted text implies that a CSI reporting config that comprises ‘TDCP’ report quantity does not constitute any other report quantity corresponding to CSI, e.g., CQI/PMI/RI, and that a TDCP report is standalone. Our understanding of the agreement in RAN1#112 is related to multiplexing multiple CSI reports corresponding to multiple CSI report configs based on CSI report priority rule, and not about multiplexing different “report quantities” within the same CSI reporting setting. I would appreciate it if we can settle this issue in this meeting to avoid roll overs in maintenance phase

	Ericsson
	On proposal 3.A.1:  Since ‘powerControlOffsetSS’ is used in the revised proposal, we suggest the following further revision:
Proposal 3.A.1: For the Rel-18 TRS-based TDCP reporting, for TDCP measurement and calculation with KTRS configured resource sets, the UE can assume that the PDSCH EPRE for a given CSI-RS port follows a commonly configured powerControlOffsetSS value for all the KTRS configured resource sets

Support Proposal 3.A.2

Support Proposal 3.A.3

Question 3.1:  Don’t see need for further restrictions

Support Proposal 3.D.4

Support Proposal 3.E.1

Question 3.5.2:
Support Alt A1:  Since the payload of amplitude is not variable once Y is constant, we don’t see the need for 2 part reporting for TDCP amplitude.
Support Alt P1 (for similar reasons as above).

Question 3.6:  we are fine to use Legacy Z/Z’

Question 3.7:  regarding time domain measurement restriction, 38.214 currently says the following:
“A UE does not expect to be configured with a CSI-ReportConfig that is linked to a CSI-ResourceConfig containing an NZP-CSI-RS-ResourceSet configured with trs-Info and with the CSI-ReportConfig configured with the higher layer parameter timeRestrictionForChannelMeasurements set to ‘configured’.”
Hence, our understanding is that timeRestrictionForChannelMeasurement is not configured.


	NEC
	[bookmark: OLE_LINK3]Proposal 3.A.1:  Support.

Proposal 3.A.2:  Support.

Proposal 3.A.3:  Support. There should be no QCL adjustment/reference (at least for doppler) across the TRS sets, otherwise, the correlation can not reflect the time domain property. Actually in case of delay = 4 symbols and 1 slot, the correlation is calculated based on one TRS set, and within the same TRS set, all CSI-RS resources are assumed to be same port in the one TRS set (following legacy spec). We don’t see difference for the case with one TRS set and with more than one TRS set. If same port can not be assumed, then why we need 4 symbols and 1 slot delay for TDCP reporting?
	For a NZP-CSI-RS-ResourceSet configured with the higher layer parameter trs-Info, the UE shall assume the antenna port with the same port index of the configured NZP CSI-RS resources in the NZP-CSI-RS-ResourceSet is the same.



Question 3.1:  We think there is one thing to be determined, that is whether the offset between TRS resources should follow the configured values of delay for TDCP reporting? For example, if delay for TDCP reporting is configured as 2 slots, whether the offsets between TRS resources should be 2 slots. At least for UE complexity (no need of extrapolation or interpolation), we prefer to configure the TRS sets based on the configured values of delay.
Support slot offset between TRS resource sets based on the configured values of delay.

Proposal 3.B.1:  Support.

Conclusion 3.B.2/3.B.3:  Support.

Proposal 3.C.1:  Support.


	LG
	Proposal 3.A.1/2/3: Support

Proposal 3.B.1: Support but we prefer to select one alt for all Y value.
 
Conclusion 3.B.2/3: Support

Proposal 3.C.1: Support but uniform quantization is sufficient.

Conclusion 3.D.1: Support

Proposal 3.D.4: Support


	OPPO
	Proposal 3.A.1:
Support the version from Ericsson.

Proposal 3.A.2:
Support.

Question 3.1: 
No additional restrictions are needed.

Conclusion 3.B.2/3:
Support.

Proposal 3.C.1:
Support.

Conclusion 3.D.1:
Support.

Proposal 3.D.4:
Support.

Proposal 3.E.1:
Support.

Question 3.5.2:
Support AltA1 and AltP1.


	Intel
	Proposal 3.D.4
The explicit configuration of delay values will restrict the dynamic delay value change for aperiodic CSI-RS resource set. In our view it is important that the companies understand it. So, we propose to add the following note. 

Proposal: For the Rel-18 TRS-based TDCP reporting, regarding the value of parameter D, the value of D is explicitly configured by the NW via RRC ignalling
· Note: this implies that dynamic change of delay for aperiodic TRS resource set is not supported
Question 3.6:
We prefer OCPU = 1 since TDCP calculation is much simpler comparing to PMI/RI/CQI.


	Huawei, HiSilicon
	Proposal 3.A.1, we don’t see the necessity to have a common configuration, it can depend on gNB configuration.

Proposal 3.A.2, we are fine with it.

Proposal 3.B.1, Alt 3 is preferred as one bit is saved while performance between alt 1 and alt 3 is similar. We don’t support both as they are redundant.

Conclusion 3.B.2 and 3.B.3, we support both.

Proposal 3.C.1, we support Alt 3. For phase reporting, UE should report the real phase change between TRS so that gNB side can derive the doppler shift to assistant configuration or channel prediction. And the real phase change should be a uniform distribution.


Proposal 3.D.4, we support it.

For issue 3.5, we support to put all the reporting in one same UCI part.


	CATT
	Proposal 3.A.1/2/3,Conclusion 3.B.2/3, Conclusion 3.D.1, Proposal 3.D.4, Proposal 3.E.1: 
Support
Proposal 3.B.1: 
Support Alt1. We don’t see the necessity for further overhead reduction.
Proposal 3.C.1: 
Support Alt3. We don’t see the necessity for further overhead reduction.

	Qualcomm
	Proposal 3.A.1, Proposal 3.A.3: OK

Proposal 3.A.2: Strongly oppose.
We don’t know why do we even want to invent such a new thing – not in legacy, not in Rel-18 Type-II-Doppler
P and AP CSI-RS basically are based on totally different time reference:
· P based on system frame: Static and “absolute” time
· AP based on DCI slot + triggering offset
Let’s say a pair of TDCP RSs A and B are configured as delay e.g. 5 slots, and A is P, B is AP – so B should always be expected at a fixed 5 slots from static A? This also gives limitation to where DCI can be sent

Proposal 3.B.1: Alt1 more preferred (smaller MSE, and 1 more bit is not a big cost). No both

Proposal 3.C.1: We have difficult to understand how the always-0 phase can be useful – if far from 0, it simply means UE tracking failure
When tracking failure happens, do we still care things like Type-I/-II switch?
Our preference would be no phase report. 
But given the agreement we already have, just no both

Proposal 3.D.4: OK

Proposal 3.E.1: Fine

	CMCC
	Proposal 3.A.1/2/3
Support

Proposal 3.B.1
Support Alt1.

Conclusion 3.B.2/3
Support

Proposal 3.C.1
Support Alt3.

Proposal 3.D.4
Support.

Proposal 3.E.1
Support.

Question 3.5.2
Prefer AltA1 and AltP1.

	Nokia/NSB
	Proposal 3.A.1
We don’t see the need for a UE to make this assumption for TDCP calculation and the agreement wouldn’t restrict the NW configuration either.

Proposal 3.A.3
We don’t see the need to specify this restriction. Similar view as expressed by ZTE

Proposal 3.B.1
Ok to support either, but not both

Question 3.7:
Ok to discuss. The existing agreements may be sufficient to capture the nature of the TDCP measurement in specs. 

	Mod V21
	Added note on 3.D.4 per Intel comment

Added proposal 3.E.2


	vivo
	Issue 3.5
Based on FL’s clarification, the categorization generally means if the discussion outcome is all the UCI parameters are in part 1, it will be one-part reporting. If this is the case, we suggest to add the following notes to clarify this.

Proposal 3.E.1: For the Rel-18 TRS-based TDCP reporting, the normalized amplitude for the 1st delay is placed in UCI part 1
· Note: This does not imply two-part UCI encoding is supported.

Proposal 3.E.2: For the Rel-18 TRS-based TDCP reporting,
· When Y>1 is supported and the value of Y is configured to be >1, the (Y–1) normalized amplitudes for the 2nd, …, and Yth delays are placed in UCI part 1
· When phase reporting is supported and switched ON, the Y phases are placed in UCI part 1
· Note: This does not imply two-part UCI encoding is supported.


	Fujitsu
	Proposal 3.A.1/2/3
Support

Question 3.1: 
No additional restrictions are needed.

Proposal 3.B.1
Support Alt1.

Conclusion 3.B.2/3
Support

Proposal 3.C.1
Support Alt3.

Conclusion 3.D.1
We support Y=7 for more accurate prediction on different use cases.

Proposal 3.D.4
Support.

Proposal 3.E.1/2
Support. We are fine with vivo’s clarification.

	Spreadtrum
	Proposal 3.A.1: Support.
Proposal 3.A.2/3.A.3: Support.
Conclusion 3.B.2/3.B.3: Support.

	ZTE
	Proposal 3.A.1: Thank you so much for further clarification. It is clear for now. But, sorry to say, due to the same reason raised by Nokia and Huawei, we can NOT support that.

Proposal 3.A.3: Not support. We share the same views with Xiaomi and Nokia. One further input: from spec perspective, ‘antenna port’ is defined as follows from the perspective of channel inference, rather than physical port of gNB side. 
· Regarding NEC’s comment, in our views, same port assumption for TRS in a set seems reasonable due to only spanning one or two slots (very-high-channel-correlation, like DMRS-bundling). On other hands, when reviewing AP-TRS case, only same QCL assumption between AP-TRS and P-TRS is specified, rather than sharing the same antenna point. 
	An antenna port is defined such that the channel over which a symbol on the antenna port is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed. 




	InterDigital
	Proposal 3.A.1
Support

Proposal 3.A.2
Support

Proposal 3.A.3
Support

Proposal 3.B.1
We support Alt3

Proposal 3.C.1
We support Alt3

Proposal 3.D.4
Support

Proposal 3.E.1
Support

Proposal 3.E.2
Support

	Xiaomi
	Proposal 3.A.1/2/3
Support

Proposal 3.A.1/2/3
Not support.
It has agree that “ No further spec enhancement on TRS is supported “ in last meeting. If the same antenna port for the CSI-RS resources in all the resource set is assumed. In our view, this assumption will violet the agreement.
In addition, it has agreed that UE can assume that all the resource sets share a same QCL-Type-A/C and, if applicable, Type-D source, and all All the TRS resources in the configured resource set(s) share the same RE locations. Such restriction is enough for accurate TDCP measurement and calculation. So, it is not necessary to provide more restrictions.

Conclusion 3.B.2/3
Support

Proposal 3.D.4
Support.

Proposal 3.E.2
Support.
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	Samsung
	Proposal 3.A.1/2/3: Support

Q3.1: do not support any restriction

Proposal 3.B.1: 
· Support Alt3. 
· Regarding the FFS, we provide SLS results in our updated Tdoc R1-2306009 in which we compare the amplitude/phase quantization alternatives and independent/differential reporting for Y=5, delay = 2,4,6,8,10 slots, and UE speed = 3,5,10kmph; results are copied below. Based on these results, we can observe that there is no performance difference between independent and differential reporting schemes; differential reporting saves ( bits. We therefore propose to refine the wording as follows.
Proposal 3.B.1: For the Rel-18 TRS-based TDCP reporting, regarding the quantization of wideband normalized amplitude value, further down-select (by RAN1#113) from the following candidates:
· Alt1: N=2Q-1 where Q=5, s=1/3  
· Alt3: N=2Q where Q=4, s=½
FFS: Whether further overhead reduction is needed for Y>1
· : index  and 
· ,  where 
· 



[Mod: Thanks for the results, but I will not include your proposed text for this round when we simply narrow down the candidates to two. As already discussed (and Samsung already supported the current text during OFFLINE, so let’s not keep refining FFS wording after you already agreed), this high level FFS is enough for now. You can bring this up in later round(s) when final down selection is discussed]

Conclusion 3.B.2: We still think configurable threshold is a simple way to support different codebook resolutions for different use cases and delay values. But, we can be OK respecting the majority.
[Mod: As said repeatedly, it doesn’t matter whether you are OK or not since this conclusion merely states the fact and inevitable  I hope companies finally understand what “no consensus” means.]

Conclusion 3.B.3: OK

Proposal 3.C.1: Support, and prefer Alt5 since after delay and frequency compensation, the residual phase per slot is close to zero. Re FFS, prefer to revise as follows.
· FFS: Whether further overhead reduction is needed for Y>1, similar scheme as in proposal 3.B.1
[Mod: I will not include your proposed text for this round when we simply narrow down the candidates to two. As already discussed (and Samsung already supported the current text during OFFLINE, so let’s not keep refining FFS wording after you already agreed), this high level FFS is enough for now. You can bring this up in later round(s) when final down selection is discussed]

Conclusion 3.D.1: Y=7 may be beneficial if the large delay values (e.g. 10 slots) or higher speed (e.g. 30,60kmph).
[Mod: As said repeatedly, it doesn’t matter whether you are OK or not since this conclusion merely states the fact and inevitable  I hope companies finally understand what “no consensus” means.]


Proposal 3.D.4: Support

Proposal 3.E.1: Support

Proposal 3.E.2: Do not support. The usefulness of Y>1 amp/phase values depends on the use case, delay values, and UE speed. The Y=1 is the most reliable/useful correlation value. The remaining Y-1 may not be, hence, they should be assigned a lower priority (which makes them suitable for UCI part 2). This is evident from the following amplitude distributions.
· For low speed (3,5,10,15) or small delay (e.g. 2,5slots), we can observe that there is no need for reporting large Y values. For instance, if NW configure Y=4 (or 7 if supported), then not all Y=4 correlation values need reporting. In particular, if the amplitude value for 1st correlation (in UCI part 1) is close to 1, then it is almost sure that the remaining Y-1 amplitude values will also be very close to 1, hence their reporting is not beneficial for the NW.

[image: ]
[image: ]
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Question 3.6
· O_CPU = Y.X
· Legacy Z/Z’

Question 3.7:
· It should be defined, e.g. similar to L1-RSRP

	Mod V35
	No revision

	Xiaomi
	In the last version of our comments, our view is not correctly captured for Proposal 3.A.1/2/3
due to our mistake operation or formulation.   So, we accurately reformulate our view for Proposal 3.A.1/2/3 in this version.

Proposal 3.A.1
Support the proposal.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]It has supported that powerControlOffsetSS is same to all resources in a TRS resource set, i.e., KTRS=1.  This assumption should be extended to KTRS=1 for accurate TDCP measurement and calculation. 

Proposal 3.A.2
Support the proposal.
In current specification, P+AP TRS resource configuration have been supported. P+AP TRS resources configuration is more flexible than P+P TRS resources configuration. In addition, P+AP TRS resources configuration can save the overhead of TRS resource compared with P+P TRS resources configuration. 

Proposal 3.A.3
Do not support.
It has agree that “ No further spec enhancement on TRS is supported “ in last meeting. If the same antenna port for the CSI-RS resources in all the resource set is assumed. In our view, this assumption will violet the agreement.
In addition, it has agreed that UE can assume that all the resource sets share a same QCL-Type-A/C and, if applicable, Type-D source, and all All the TRS resources in the configured resource set(s) share the same RE locations. Such restriction is enough for accurate TDCP measurement and calculation. So, it is not necessary to provide more restrictions.

	Mod V38
	No revision

	Apple
	Proposal 3.A.1: Support.

Proposal 3.A.2: Do not support P + AP.
Proposal 3.A.3: Fine.

Conclusion 3.B.2: Support.

Conclusion 3.B.3: Support.

Conclusion 3.D.1: Support.

Conclusion 3.D.4: Support.

Proposal 3.E.1: Support. We should conclude that there is no CSI part 2.

Proposal 3.E.2: Support. We should conclude that there is no CSI part 2.
[Mod: Once both 3.E.1 and 3.E.2 are endorsed, this is automatically the outcome] 

	Mod V40
	No revision
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