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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 


	
R1-2306136 (Draft LS to RAN2) 


	
Proposal 2.C.5’: 
For the Rel-18 Type-II codebook refinement for high/medium velocities, regarding Z
· Based on the two UE capabilities agreed for Z’: 
· Capability 1: 
· For AP CSI-RS: Z=legacy Z+14.(K–1).m 
· For P/SP CSI-RS: Z= legacy Z+w where w>0 
· TBD: Value of w
· Capability 2: 
· For AP CSI-RS: Z= legacy Z+14.(K–1).m + r
· For P/SP CSI-RS: Z= legacy Z+w+r 
· Note: r corresponds to the agreed value for Z’ relaxation in previous agreement.
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, NTT DOCOMO, Fraunhofer IIS/HHI, OPPO, LG, Lenovo/MotM 

Not support:


	
Proposal 3.F: For the Rel-18 TRS-based TDCP reporting, when Y delay(s) are configured
· OCPU=(Y+1).X where X≥1 is defined based on UE capabilities and determined by the UE
· FFS: Whether the supported value(s) of X can depend on the value of D, and whether phase reporting is switched ON
· Reuse legacy Z2/Z2’ values
· To count active resources used for TDCP reporting, reuse the legacy counting mechanism for CSI-RS resources 
· UE reports the maximum number of active resources for TDCP in UE capability reporting.

[bookmark: _GoBack]
Support/fine: Samsung, Ericsson, ZTE, MediaTek, NEC, Fujitsu, Qualcomm, vivo, Fujitsu, Xiaomi, Nokia/NSB, LG (ok) 

Not support: 


	
Conclusion 3.B.5: For the Rel-18 TRS-based TDCP reporting, regarding the quantization of wideband normalized amplitude value, there is no consensus on the need for further overhead reduction for Y>1



Question 3.2.5: For the Rel-18 TRS-based TDCP reporting, regarding the quantization of wideband normalized amplitude value, please share your view whether further overhead reduction for Y>1 should be supported for the 2nd, …, Y-th delay using the following 3-bit differential encoding relative to the 1st delay:
· 1st (smallest) delay (), Q bits for 
· For delays (),  bits for  relative to previous delay:  and  
N and s follow the alternative (Alt1 or 3) selected for the 1st delay value.

Need for differential encoding for Y>1:
· Yes: Samsung
· No: vivo, Huawei/HiSi, Nokia/NSB, Fujitsu, Xiaomi


	
Conclusion 3.C.3: For the Rel-18 TRS-based TDCP reporting, regarding the quantization of phase value, there is no consensus on the need for further overhead reduction for Y>1


Question 3.3.3: For the Rel-18 TRS-based TDCP reporting, regarding the quantization of phase value, please share your view whether further overhead reduction for Y>1 should be supported for the 2nd, …, Y-th delay using differential encoding relative to the 1st delay

Need for differential encoding for Y>1:
· Yes: Samsung
· No: vivo, Huawei/HiSi, Nokia/NSB, Fujitsu, Xiaomi



	
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


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

Proposal 1.B.3: On the Type-II codebook refinement for CJT mTRP, when dynamic TRP (CSI-RS resource) selection is configured, only support the following additional TRP selection restriction that can be switched ON or OFF: 
· One of NTRP configured CSI-RS resources is always selected, in addition to (N-1) dynamically selected CSI-RS resource(s)
· When this restriction is switched ON, the always-selected CSI-RS resource is configured via RRC signalling



	
Proposal 3.D.2: For the Rel-18 TRS-based TDCP reporting, regarding the value of parameter D, 
· [Confirm/revert the working assumption on the support for D=10 (only for >=30kHz SCS)] 


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





2.1 Issue 1: Type-II codebook refinement for CJT 

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

	1.2
	[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 signalling) 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.


Proposal 1.B.3: On the Type-II codebook refinement for CJT mTRP, when dynamic TRP (CSI-RS resource) selection is configured, only support the following additional TRP selection restriction that can be switched ON or OFF: 
· One of NTRP configured CSI-RS resources is always selected, in addition to (N-1) dynamically selected CSI-RS resource(s)
· When this restriction is switched ON, the always-selected CSI-RS resource is configured via RRC signalling

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

Italic: (re)stated their views on not supporting (against) 1.B.3 during offline discussions between Tue and Thu online sessions.


[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.
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.




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

Table 2 Additional inputs: issue 1
	Company
	Input

	From round 0

	LG
	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}





	Huawei, HiSilicon
	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.


	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]


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

Re 1.B.3: Check proposal 1.B.3 for the LAST TIME (we have postponed this 3x already, 1x per LG request, 2x per Huawei request) if you change your view (Huawei claimed online that most companies who are against don’t have strong view)
· This has to be finalized on Thursday because it has RRC impact.


	vivo
	1.B.3
Our views remain same as in previous rounds. The benefit of having one more configuration is not clear to us. We support the conclusion. 

	MediaTek
	1.B.3: As mentioned previously we don’t believe the restriction is needed. IF gNB is willing for allow UE to perform TRP selection then full degrees of freedom needs to be given to UE. In the case where gNB predicts that UE TRP selection is not going to be effective then it should not configure UE based TRP selection.

	Mod V8
	Updated the summary. Since sufficient number of companies still maintain that the proposal is unacceptable, we will have to conclude no consensus


	Fujitsu
	1.B.3
Similar with as vivo and MTK, N_TRP and N can be enough to keep both UE dynamic selection and gNB control. In addition, we also concern on additional RRC introduction when this restriction is switched on. Because more simple solutions can be achieved to let UE know which TRP should always selected. But we can be flexible this proposal updated by LG and if there is no new RRC introduction. 
We can accept the following update version on default CSI-RS resource instead of RRC signalling.
Proposal 1.B.3: On the Type-II codebook refinement for CJT mTRP, when dynamic TRP (CSI-RS resource) selection is configured and NTRP =4 is configured, only support the following additional TRP selection restriction that can be switched ON or OFF:
· One of NTRP configured CSI-RS resources is always selected, in addition to (N-1) dynamically selected CSI-RS resource(s), i.e., the bit corresponding to the configured CSI-RS resource in N_TRP-bit bitmap of TRP selection is 1 
· When this restriction is switched ON, the always-selected CSI-RS resource is defaulted by the first CSI-RS resource configured via RRC signalling
· This is UE optional.
[Mod: Actually, even with this modification, a new RRC parameter to switch this “first TRP” feature on and off is still needed. But regardless the concern from Ericsson, vivo,AT&T, and MediaTek lies on the benefit of this additional feature. Not so much on the additional RRC]

	Mod V12
	No revision




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

	[bookmark: _Hlk127656417]2.3
	
Proposal 2.C.5’: 
For the Rel-18 Type-II codebook refinement for high/medium velocities, regarding Z
· Based on the two UE capabilities agreed for Z’: 
· Capability 1: 
· For AP CSI-RS: Z=legacy Z+14.(K–1).m 
· For P/SP CSI-RS: Z= legacy Z+w where w>0 
· TBD: Value of w
· Capability 2: 
· For AP CSI-RS: Z= legacy Z+14.(K–1).m + r
· For P/SP CSI-RS: Z= legacy Z+w+r 
· Note: r corresponds to the agreed value for Z’ relaxation in previous agreement.
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, NTT DOCOMO, Fraunhofer IIS/HHI, OPPO, LG, Lenovo/MotM 

Not support: 



Table 3B Type II Doppler: summary of observation from SLS

Table 4 Additional inputs: issue 2
	Company
	Input

	Mod V0
	Please check the wording for proposal 2.C.5’
· But please refrain from the cosmetics. The reason it was written that way was to demonstrate that it was functionally equivalent with the initial version of 2.C.5 + previous agreement on Z’. Anyway it is up to the spec editor anyway how it will be written in 214.

	Mod V8/12
	No revision, companies indicate the text/wording is fine. 



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

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

	[bookmark: _Hlk134710039]3.2
	[113] Agreement 
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

Question 3.2.5: For the Rel-18 TRS-based TDCP reporting, regarding the quantization of wideband normalized amplitude value, please share your view whether further overhead reduction for Y>1 should be supported for the 2nd, …, Y-th delay using the following 3-bit differential encoding relative to the 1st delay:
· 1st (smallest) delay (), Q bits for 
· For delays (),  bits for  relative to previous delay:  and  
N and s follow the alternative (Alt1 or 3) selected for the 1st delay value.


Conclusion 3.B.5: For the Rel-18 TRS-based TDCP reporting, regarding the quantization of wideband normalized amplitude value, there is no consensus on the need for further overhead reduction for Y>1


	Need for differential encoding for Y>1:
· Yes: Samsung
· No: vivo, Huawei/HiSi, Nokia/NSB, Fujitsu, Xiaomi 

	3.3
	[113] Agreement 
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

Question 3.3.3: For the Rel-18 TRS-based TDCP reporting, regarding the quantization of phase value, please share your view whether further overhead reduction for Y>1 should be supported for the 2nd, …, Y-th delay using differential encoding relative to the 1st delay


Conclusion 3.C.3: For the Rel-18 TRS-based TDCP reporting, regarding the quantization of phase value, there is no consensus on the need for further overhead reduction for Y>1


	Need for differential encoding for Y>1:
· Yes: Samsung
· No: vivo, Huawei/HiSi, Nokia/NSB, Fujitsu, Xiaomi

	3.4
	[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)


Proposal 3.D.2: For the Rel-18 TRS-based TDCP reporting, regarding the value of parameter D, 
· [Confirm/revert the working assumption on the support for D=10 (only for >=30kHz SCS)] 


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



	3.6
	
Proposal 3.F: For the Rel-18 TRS-based TDCP reporting, when Y delay(s) are configured
· OCPU=(Y+1).X where X≥1 is defined based on UE capabilities and determined by the UE
· FFS: Whether the supported value(s) of X can depend on the value of D, and whether phase reporting is switched ON
· Reuse legacy Z2/Z2’ values
· To count active resources used for TDCP reporting, reuse the legacy counting mechanism for CSI-RS resources 
· UE reports the maximum number of active resources for TDCP in UE capability reporting.

Support/fine: Samsung, Ericsson, ZTE, MediaTek, NEC, Fujitsu, Qualcomm, vivo, Fujitsu, Xiaomi, Nokia/NSB, LG (ok) 

Not support: 





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


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

	vivo
	3.2.5 and 3.3.3
Given the maximum value of Y is only 4. With only 4 amplitudes and phases, the need to reduce overhead using differential coding is not clear. To over-optimize the optional feature is not desirable. Hence we don’t support differential coding.

Proposal 3.F
For active resource, legacy TRS does not be counted as active resources. Hence if for TDCP we want to count TRS for TDCP as it is used for CSI reporting, it is not exact legacy behaviour. Further, as TRS has only one ports, there is no point to use triplets for active resources/ports report. We only need to report the number of active resources. Hence we support to revise the third bullet as
· Active resources are counted for TDCP reporting. UE reports the maximum number of active resources for TDCP in UE capability reporting.

	Ericsson
	On Proposal 3.F, we are fine with OCPU and Reuse legacy Z/Z’ values.  
We prefer to discuss resource counting mechanism for active resources separately.

On questions 3.2.5 and 3.3.3, we don’t see the strong need for differential encoding relative to the value of 1st delay.

	Qualcomm
	Proposal 3.F: No strong view on CPU, but we don’t support timeline proposal
Firstly, we don’t see a critical low-latency need for this TDCP report, regarding the difference b/w Z1/Z1’ and Z2/Z2’;
Secondly, even for Y=1, the freq-dense row demodulation data (and at most 4 symbol-pairs) is a heavy computational load, and Z2/Z2’ would be much more friendly to UE implementation (note than Y=1 is a basic UE feature);
In a third aspect, for Y>1, TDCP calculation can be on-the-fly (small delays can be calculated first, no need to waiting for the last TDCP RS of the largest delay) – thus we don’t see a strong motivation to differentiate Y=1 and Y>1, and tend to think this non-unified timeline is a trivial over-optimization

Proposal 3.2.5 / 3.3.3: Prefer simple non-differential quantization, but we can compromise with majority view

	Qualcomm
	Proposal 3.F: Providing some text proposal regarding timeline
	· Reuse legacy Z2/Z2’ values, implying Z/Z’ = Z1/Z1’ if Y=1, Z/Z’ = Z2/Z2’ otherwise





	MediaTek
	Agree with comment made by QC. Only Z2,Z2’ should be used for TDCP report.
Regarding active resources, we want to emphasis that TRS is composed of 2/4 CSI-RS (depending on if its one slot or two slots configurations), hence, by reusing legacy we mean each TRS based used for TDCP will consume 2/4 active resources.

	ZTE
	Question 3.2.5/3.3.3: From ZTE perspective, we are open to any optimization for amplitude/phase quantization for TDCP. So, for now, we are neutral to have the differential encoding.

Proposal 3.F: For O_CPU, we are fine with current description; then for Z/Z’, we prefer to have a unified solution, and QC’s version looks good to us; after that, for active resources, the situation in TRS is quite different from other cases, considering that only P-TRS sets (up to 4 resources) can be configured. We need to be careful of how to counting that, and some further studies are definitely needed. 

	Nokia/NSB
	Proposal 3.F
On CPU we don’t see a strong need to introduce a capability for X and would prefer a simpler formulation , if agreeable
On Z (Z’ seems not applicable because TDCP measurement is only supported on P-TRS), we support reusing the legacy Z value. We don’t see the need to differentiate and would prefer only one value, e.g. Z2 as proposed by QC.
For active resource counting, we support reuse of legacy counting mechanism.

Question 3.2.5/3.3.3
We prefer to keep the current formulation without differential encoding. This is an optimisation of an optional feature that in our view is not a priority

Proposal 3.D.2
We support D=10 value

	Mod V9
	Revised 3.F per inputs


	Fujitsu
	Question 3.2.5/3.3.3
Similar views with Huawei, we don’t see the strong need for differential encoding.
Proposal 3.D.2
We support D=10 value
Proposal 3.F:
Fine with the update version.

	Xiaomi
	Question 3.2.5/3.3.3
Considering TDCP reporting is aperiodic and the maximum overhead is 32 bit, it is not necessary to design other optimal method for reducing such overhead. In addition, differential encoding will increase UE or gNB implementation complexity.

Proposal 3.F:
Support

	Mod V12
	Added conclusions 3.B.5 and 3.C.3
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