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Introduction
In this contribution, we further discuss CSI enhancements for Rel-19 MIMO.
Discussion
1.1. CSI enhancement for up to 128 CSI-RS ports
· Type I Codebook enhancement
	Agreement
For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports, regarding CBSR design:
· 1-bit hard restriction is supported (analogous to Rel-15 Type-I)
· [bookmark: _Hlk165910614]FFS: 3-bit scaling factor for soft restriction with the scaling factor taken into account in CQI/PMI calculation
· Moving (N1, N2) configuration out from CBSR IE and the CBSR can be optional configured
· Send LS to RAN2, and subject to RAN2 consent
· -bit CBSR where each bit in the CBSR is associated with a set of X1X2 SD basis vectors, where the set includes X1 adjacent SD basis vectors along the N1 direction and/or X2 adjacent SD bases along the N2 direction
· FFS: Value(s) of X1 and X2 and detailed design/spec impact 
FFS: Whether/how to enable shared CBSR in RRC configuration for Type-I/II codebooks with a same (N1,N2).



The 3bits scaling factor for soft restriction to a SD basis group is expected to be used for restricting the potential interference from some beams to other UEs. However, gNB has no knowledge on which beam(s) would have “energy leakage” (side lobe), nor the strength of side lobe from each beam. That makes the soft restriction useless since gNB is not able to determine the accurate value of scaling factor for each beam group. 
Proposal 1: The 3-bit scaling factor for soft restriction is not needed for CBSR.

	Agreement
For the Rel-19 Type-I multi-panel (MP) codebook refinement for 48, 64, and 128 CSI-RS ports, for RI=1-4, decide, by RAN1#117, whether to support Type-I multi-panel (MP) codebook refinement in Rel-19. 
If supported, decide from the following alternatives:
· Scheme1. Based on Rel-15 Type-I MP design directly extended with Ng=K (2, 3, and 4), and new (N1, N2) values
· Scheme2. Based on Scheme4/6 as described in the RAN1#116 agreement
· W1 structure: Reuse legacy Rel-15 Type-I SP SD basis selection with L=1 independently for each of the K NZP CSI-RS resources
· W2 structure:
· Legacy Rel-15 Type-I inter-polarization co-phasing rules independently in each resource,
· Layer-common inter-resource M-PSK co-phasing, where M is further down-selected from {2,4}
· FFS: Whether inter-resource co-phasing is wideband or per subband. 
If so, decide, by RAN1#117, whether port mapping scheme similar to, e.g. Rel-18 Type-II CJT, needs to be specified. 
Note: This topic is lower priority compared to the Rel-19 Type-I SP codebook refinement


Type 1 MP codebook was also discussed in RAN1#116bis meeting. Considering multiple panels are not a typical deployment, the standardization of MP codebook should be deprioritized. One option is to make the decision after RAN1 finishes other essential issues. If Type-I MP codebook refinement is supported in Rel-19, scheme 2 is preferred since it can provide higher flexibility in SD basis selection and potentially higher throughput.
Proposal 2: If Type-I MP codebook refinement is supported in Rel-19, Scheme 2 is preferred

	Agreement
For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports, the UCI parameters are captured in the tables below for Scheme-A and Scheme-B:
· Note: The second column includes the location of the parameters when reported with two-part UCI
· FFS (RAN1#117): Select between Alt1 and Alt2 for Scheme-B

Scheme-A
	Parameter
	UCI
	Details/description
	Status

	RI
	Part 1
	Same as Rel-15 Type-I SP: RI=v
	Complete

	Wideband CQI for the first TB
	Part 1
	Same as Rel-15 Type-I SP
	Complete

	Subband differential CQI for the first TB (*)
	Part 1
	Same as Rel-15 Type-I SP
	Complete

	Wideband CQI of the second TB
	Part 2

Wideband
	Same as Rel-15 Type-I SP
Only present when v >4 
	Complete

	Subband CQI of the second TB (*)
	Part 2

Subband
	Same as Rel-15 Type-I SP
Only present when v >4
	Complete

	First SD basic vector selection indicator
	Part 2 

Wideband
	v=1-4: Same as Rel-15 Type-I SP with the scheme following < 16-port design of Rel-15 Type-I SP codebookMode=1
v=5-8: FFS
	v=1-4: Complete
v=5-8: Pending

	Second SD basis vector selection indicator
	Part 2 

Wideband
	v=1-4: Same as Rel-15 Type-I SP with the scheme following < 16-port design of R15 Type-I codebookMode=1 
v=5-8: FFS
	v=1-4: Complete
v=5-8: Pending

	Inter-pol co-phase selection indicator
	Part 2

Wideband or Subband (**)
	v=1-4: Same as Rel-15 Type-I SP with the scheme following < 16-port design of R16 Type-I codebookMode=1
v=5-8: FFS
	v=1-4: Complete
v=5-8: Pending



Scheme-B
	Parameter
	UCI
	Details/description
	Status

	RI
	Part 1
	Same as Rel-15 Type-I SP: RI=v
	Complete

	Wideband CQI for the first TB
	Part 1
	Same as Rel-15 Type-I SP
	Complete

	Subband differential CQI for the first TB (*)
	Part 1
	Same as Rel-15 Type-I SP
	Complete

	Wideband CQI of the second TB
	Part 2

Wideband
	Same as Rel-15 Type-I SP
Only present when v>4
	Complete

	Subband CQI of the second TB (*)
	Part 2

Subband
	Same as Rel-15 Type-I SP
Only present when v >4
	Complete

	SD basis oversampling (rotation) factor q1, q2
	Part 2

Wideband
	v=1-4: Values of q1, q2 follow Rel-16 eType-II,  bit indicator
v=5-8: FFS
	v=1-4: Complete
v=5-8: Pending

	SD basis vector selection indicator for each layer
	Alt1: Part 1
Alt2: Part 2 

Wideband
	v=1-4: 
· Alt1:  bit indicator per layer l=1, …, RIMAX
· Alt2:  bit indicator per layer l=1, …, v
v=5-8: FFS
	Pending

	Inter-pol co-phase selection indicator for each layer
	Part 2

Wideband or Subband (**)
	v=1-4: 
· Alt1: QPSK with orthogonality constraints across v layers
· Alt2: QPSK: 2-bit indicator per layer l=1,…,v
v=5-8: FFS
	Pending


(*): Not included when CQI reporting granularity is set to ‘wideband’
(**): Wideband when PMI reporting is set to ‘wideband’, Subband when PMI reporting granularity is set to ‘subband’



For Scheme B for Type I codebook, it is FFS whether the SD basis indicator is carried in CSI part 1 or part 2. Since the indicator is per layer reporting, the bit size is depended on the Rank in CSI part 1. Furthermore, PMI for type I CB was reported in CSI part 2 in legacy CSI. Hence, SD basis indicator should be included in CSI part 2 for lower overhead. For inter-polarization co-phasing indicator, it was agreed that it should be reported per layer. Then independent reporting is a natural way and orthogonality can be ensured by UE reporting. 
Proposal 3: For scheme B for Type I CB, SD basis indicator is reported in CSI part 2, and inter-polarization co-phasing indicator is 2-bit per layer.

	Agreement
For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports with RI=5-8, decide, by RAN1#117, from the following schemes:
· Scheme1: adding new (N1, N2) values for the Rel-15 Type-I RI=5-8
· Scheme2: 
· W1 structure: Independent selection of different ceil(v/2) SD basis vectors for RI = v, where each SD basis vector is applied to two respective layers except that, if v is odd, the last SD basis vector is applied to the orphan layer. Each of the SD basis vectors is freely selected from a group of N1N2 orthogonal SD DFT basis vectors via combinatorial indication 
· FFS: mapping between v layers and ceil(v/2) SD basis vectors
· FFS: support of 4 selected SD basis vectors for RI=5-6
· W2 structure:
· For inter-polarization co-phasing, M (e.g., M = 4) codepoints for the orphan layer and M/2 codepoints for two layers sharing a same SD basis vector;
· A fixed  rotation of inter-polarization co-phasing between two layers sharing a same SD basis vector to achieve layer orthogonality.
· Scheme3: the 1st beam is freely selected and subsequent 2 beams (RI=5-6) or 3 beams (RI=7-8) are freely selected such that they are orthogonal in at least one dimension (horizontal or vertical). Layers are mapped to the selected SD basis vectors following legacy Rel-15 for RI=5-8. One co-phasing across all layers ∈{1,j} following legacy Rel-15 Type-I RI=5-8
· Scheme4: concatenate two independently calculated RI=1-4 PMIs for RI=5-8 to reduce UE complexity where each PMI is calculated from the agreed RI=1-4 codebook (Scheme-A or Scheme-B) and the CQI for each of the two CWs is derived assuming it is received by one antenna group of 4 antenna ports (FFS: Whether additional mapping between the two PMIs and the two UE antenna groups is needed)
· Other schemes are not precluded



For Rank 5-8 of Type I CB, the same design principle for Rank 1-4 can be reused. That is, a low resolution scheme similar to scheme A and a high resolution scheme similar to scheme B can be introduced. For scheme A, extension of (N1, N2) values for Rel-15 Type-I CB with RI=5-8 is sufficient. If higher throughput is expected with higher feedback overhead/resolution, scheme 2 can be supported, which is very similar to agreed scheme B for Rank 1-4. A middle way of scheme 1 and scheme 2 seems unnecessary. Furthermore, for scheme 4, there can be two issues to be considered: one is unnecessarily higher feedback overhead based on two independently calculated RI=1-4 PMIs, since lower resolution and overhead (per layer) is expected for rank 5-8; the other is new UE receiver different from legacy, which may introduce additional complexity due to multiple receivers for different number of ports. 
Proposal 4: For rank 5-8 of Type I CB, support Scheme 1 for scheme A and Scheme 2 for scheme B
· Scheme 1 for simplicity and scheme 2 for better performance
· Multi-CRI based CSI feedback
	Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, for M>1, the M CRIs (each with  bits) are separated indicated 
· FFS: whether to support NW configuring/requesting the UE to report CRI/RI/PMI/CQI associated with ( <M) of KS CSI-RS resources, including whether further reduction in the number of hypotheses is supported, i.e. reporting (M – MR) CRIs (each with  bits)

Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, 
· When M>1, the M PMIs are independently calculated and indicated
· with the Rel-16 eType-II codebook and KS={1,2,3,4}, support M=2 with a maximum of 16 ports per resource, R=1 only, and a maximum UCI payload of 1706 bits.  
· The value of M={1, 2} is NW-configured via higher-layer (RRC) signalling
· The maximum value of M is subject to UE capability
· on the configured KS>1 NZP CSI-RS resources, reuse the legacy IMR rule for the Rel-15 CRI-based reporting for NZP CSI-RS resource for interference measurement, i.e. only 1 NZP CSI-RS resource for interference measurement can be configured

Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, for M>1, SD basis selection is independently signalled per CRI (per CSI-RS resource)



In RAN1#116bis meeting, it was agreed that CRI and PMI were separately reported for each CRI based CSI. Whether RI and CQI are also independently reported for each CRI needs further study. For RI, CRI-specific RI can provide further flexibility. Especially when the calculated RIs are different for different CRIs, it would be very difficult to determine which RI to use. Also, the overhead for RI report is negligible. If RIs are reported separately for each CRI, the benefit of differential CQI among CQIs for different CRIs would be marginal. If the RIs are different, the difference between corresponding CQIs could be significant, and differential CQI may lead to some loss. 
If multi-CRI based CSI report is configured, multiple CSIs should be reported within a CSI report. The rule for UCI mapping and CSI omission should also be defined for multiple CSIs. To minimize the standardization work and specification impact, the rules for NCJT CSI report can be reused, in which case the multiple CSIs are for different measurement hypothesizes. For example, the CSI can be ordered by CRI index and with order of {CSI part 1, wideband part for CSI part 2, even subband for CSI part 2, odd subband for CSI part2} for each CSI.
Proposal 5: The RIs are reported per CRI separately.
Proposal 6: Further enhancement to differential CQI is not needed.
Proposal 7: The UCI mapping and CSI omission rule can reuse that of NC-JT with multiple CSIs.
1.2. Time/frequency misalignment reporting for CJT
· Time misalignment reporting
	Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, the dynamic range and resolution parameters for delay offset reporting Dn,offset, i.e. (AD, MD), are NW-configured via higher-layer (RRC) signalling from the following candidate values:
· AD ={0.5CP, 0.75CP, CP, 1.5CP, 2CP, , , } where CP and  denote the length of the cyclic prefix according to the current specifications (for normal CP) within a slot and the SCS, respectively
· FFS: Further down-selection of the above candidate values for AD, including the use of a same unit for all supported values
· MD ={32, 64}
· FFS: If TDD TX/RX timing misalignment report is supported, whether different set of candidate MD values is needed
In addition, the inside/outside range for the 1-bit indicator dn is equal to [0, CP].
FFS: Further implicit/explicit restriction(s) on candidate value(s) depending on the CSI-RS configuration


For the range of delay offset reporting AD, many candidate values were proposed by companies with different units. However, several values in different units actually result in similar range, e.g. CP and . To avoid redundant value, the same unit is proposed for candidate values, e.g. in CP. Considering large delay offset usually means large pathloss offset, CJT among TRPs with delay offset larger than CP seems invalid. In this case, a value larger than CP is unnecessary. {0.5CP, CP} can be supported as the candidate values. Using SCS as unit can be another choice. However, it makes no difference considering the CP length (much smaller than ) can always can be measured by UE via TRS.
Proposal 8: Support a same unit (CP) for the candidate values of AD , and {0.5CP, CP} can be supported.
· Frequency misalignment reporting
	Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, the dynamic range and resolution parameters for frequency offset reporting FOn, i.e. (AFO, MFO), are NW-configured via higher-layer (RRC) signalling from the following candidate values:
· AFO = {0.01ppm, 0.1ppm, 0.2ppm, f, f/2, f/4,f/8, 1/(4t), 1/(8t), 1/(16t), 1/(32t), 1/(512t)} where f and t denote the SCS and duration of one OFDM symbol, respectively
· FFS: Further down-selection of the above candidate values for AFO, including the use of a same unit for all supported values
· MFO = {16,32}
FFS: Whether additional restriction(s) based on CSI-RS configuration is supported, including implicit configuration of quantization range


For the range of frequency offset reporting AFO, many candidate values were also proposed by companies with different units. Similar to delay offset, the same unit is proposed for the candidate values, e.g. in ppm. Using 1/(kt) as unit can be another choice. However, the current candidate values in ppm is much smaller than 1/(4t) which always can be measured by UE via TRS and is consistent with RAN4 requirement. 
For the detailed values, RAN4 requirement should be considered. In 38.104, the maximum allowed frequency error for a base station is specified (±0.05 ppm for wide area BS and ±0.1 ppm for other BSs). Based on the requirements, the maximal range of AFO can be up to 0.1 or 0.2 ppm. These two can be the candidate values for AFO. Other values are not precluded, but the justification should be clarified. 
Proposal 9: Support a same unit (ppm) for the candidate values of AFO.
Proposal 10: At least {0.1ppm, 0.2ppm} should be supported as candidate values considering RAN4 requirement for different BSs. For the other values, further justification is needed. 
· Phase reporting for UL/DL reciprocity calibration
	Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, given the NTRP configured NZP CSI-RS resources/resource sets and the selected N resources/resource sets, support reporting, in one CSI reporting instance, {n, , n=0, 1, …, N – 1, n≠nref, =0,1,…,-1}, where n, denotes the measured phase offset between the n-th CSI-RS resource/resource set and the reference CSI-RS resource/resource set nref for the -th frequency unit 
·  =1 is supported
· FFS: whether >1 (sub-band reporting) is also supported. For this decision, companies are encouraged to evaluate performance loss without the support of >1 due to phase offset induced by TX-RX timing misalignment. 
· The value n, indicates a uniformly quantized phase between –A and A, or 0 and A
· FFS: supported quantization alphabet(s) (including A and resolution) for n, 
· FFS: Detailed UCI design


[bookmark: _GoBack]It is FFS whether subband phase reporting needs to be supported in addition to wideband reporting. In our understanding, the functionality of subband reporting can be achieved via combination of wideband reporting and time misalignment reporting. That is, delay offset reporting can handle a larger delay range than subband reporting considering the subband size is very restricted. In case that delay offset reporting can support resolution of up to tens of ns (e.g. 50ns), it is not necessary to additionally support subband phase reporting. Based on current discussion on AD, 0.5 CP or even CP as range can satisfy this requirement (with M=64). 
Proposal 11: Wideband phase reporting is sufficient considering timing offset can be also reported.
Conclusion
In this contribution, we discuss potential enhancements for Rel-19 MIMO enhancement with the following proposals.
Proposal 1: The 3-bit scaling factor for soft restriction is not needed for CBSR.
Proposal 2: If Type-I MP codebook refinement is supported in Rel-19, Scheme 2 is preferred
Proposal 3: For scheme B for Type I CB, SD basis indicator is reported in CSI part 2, and inter-polarization co-phasing indicator is 2-bit per layer.
Proposal 4: For rank 5-8 of Type I CB, support Scheme 1 for scheme A and Scheme 2 for scheme B
· Scheme 1 for simplicity and scheme 2 for better performance
Proposal 5: The RIs are reported per CRI separately.
Proposal 6: Further enhancement to differential CQI is not needed.
Proposal 7: The UCI mapping and CSI omission rule can reuse that of NC-JT with multiple CSIs.
Proposal 8: Support a same unit (CP) for the candidate values of AD , and {0.5CP, CP} can be supported.
Proposal 9: Support a same unit (ppm) for the candidate values of AFO.
Proposal 10: At least {0.1ppm, 0.2ppm} should be supported as candidate values considering RAN4 requirement for different BSs. For the other values, further justification is needed. 
Proposal 11: Wideband phase reporting is sufficient considering timing offset can be also reported.
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