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[bookmark: _Ref473815230]Introduction
At the RAN plenary #102 meeting, a new work item entitled “New WID: NR MIMO Phase 5” with the following scope regarding CSI enhancements was endorsed [1].
	2. [bookmark: _Hlk146697700]Specify CSI support for up to 128 CSI-RS ports, targeting FR1
a. Type-I codebook refinement supporting up to a total of 128 CSI-RS ports across all resources, assuming legacy CSI-RS resources (with up to 32 CSI-RS ports per resource), based on extension of legacy codebooks
b. Type-II codebook refinement supporting up to a total of 128 CSI-RS ports across all resources, assuming legacy CSI-RS resources (with up to 32 CSI-RS ports per resource), based on extension of legacy codebooks, without modifying any codebook parameter other than introducing additional values for the number of ports codebook parameter(s)
c. Extension of CRI(s)-based CSI reporting (CQI/PMI/RI calculated per CRI for ≥1 CRIs) for hybrid beamforming supporting up to a total of 128 CSI-RS ports across all resources, with up to 32 CSI-RS ports per resource, without new codebook design

3. [bookmark: _Hlk158814943]Specify UE reporting enhancement for CJT deployments under non-ideal synchronization and backhaul, targeting FR1, both FDD and TDD 
a. Inter-TRP time misalignment and frequency/phase offset measurement and reporting, assuming legacy CSI-RS design, with stand-alone aperiodic reporting on PUSCH



In this contribution, we discuss issues that should be considered in this work regarding CSI support for up to 128 CSI-RS ports and UE reporting enhancement for CJT deployments under non-ideal synchronization and backhaul. 
[bookmark: _Ref893707]Discussion
Up to 128 CSI-RS ports
Type I/II codebook
At the RAN1 #116bis meeting, there are 4 options on Rel-19 Type-I SP codebook with RI=5-8 as follows:
	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



As discussed in the offline discussion [2], we agree with adoption of the following low-complexity scheme (scheme A) and high-performance scheme (scheme B).
 
	For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports with RI=5-8, support the following schemes:
· Scheme-A (based on Scheme3 described in RAN1#116bis):
· W1 structure:
· The 1st SD basis vector is freely selected and subsequent 2 (RI=5-6) or 3 SD basis vectors (RI=7-8) are freely selected such that they are orthogonal in at least one dimension (horizontal or vertical).
· The v layers are mapped to the selected SD basis vectors following legacy Rel-15 Type-I for RI=5-8.
· W2 structure:
· Following legacy Rel-15 Type-I RI=5-8
· Scheme-B (based on Scheme2 described in RAN1#116bis):
· 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 following legacy Rel-15 Type-I for RI=5-8, except that, if v is odd, the last SD basis vector is applied to the orphan layer. 
· FFS: mapping between the orphan layer and its selected SD basis vector and, if needed, UE reporting of the selection 
· FFS: support of 4 selected SD basis vectors for RI=5-6
· The SD basis vectors are freely selected from a group of N1N2 orthogonal SD DFT basis vectors via combinatorial indication 
· W2 structure:
· For inter-polarization co-phasing, 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 inter-layer orthogonality.
· A UE can be configured by the NW via higher-layer (RRC) signalling with either Scheme-A (RI=1-4+RI=5-8) or Scheme-B (RI=1-4+RI=5-8)


There are several opinions on whether scheme 1 or scheme 3 should be adopted as scheme-A [1], further discussion and performance comparisons are desirable.
[bookmark: _Ref166275528]Proposal 1: Support 2 mode Rel-19 Type-I SP codebook with RI=5-8, based on scheme-A and scheme-B. Further discussion is needed on the base scheme for A.

For the UCI parameters on the Rel-19 Type-I SP codebook for 128 CSI-RS ports, the following agreement was reached.

	[116bis] Agreement
[bookmark: _Hlk166259829]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



As discussed in offline discussion [2], the following indication rules (AltA.2 and AltB.2) are supported by many companies with the FL assessment. We agree with that the AltA.1 has not significant advantage, and AltB.1 contradicts the previous agreement.

[bookmark: _Ref166275673]Proposal 2: Proposal 2: For SD basis vector selection indication, AltA.2 is supported, and For Inter-pol co-phase selection indication, AltB.2 is supported.
· AltA.2: 
	SD basis vector selection indicator for each layer
	Part 2 
Wideband
	v=1-4:  bit indicator per layer l=1, …, v 


· AltB.2: 
	Inter-pol co-phase selection indicator for each layer
	Part 2
Wideband or Subband (**)
	v=1-4: QPSK: 2-bit indicator per layer l=1,…,v 



We also have the following agreement on Rel-19 Type-I MP codebook in RAN#116bis meeting.

	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



We are fine to support panel-specific SD basis MP codebook, but we are also OK not support MP for FR1. If MP is supported, our 1st preference is panel-specific SD basis MP codebook.

[bookmark: _Ref166275746][bookmark: _Hlk166261585]Proposal 3: If support Rel-19 Type-I MP codebook for FR1, adopt panel-specific SD basis MP codebook.

CRI-based
In offline discussion [2], the following calculation and indication rules for RI and CQI is proposed.
	For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, for M>1,
· [bookmark: _Hlk166262560]Resource-specific RI, i.e. RI is independently calculated and indicated for each of the selected M NZP CSI-RS resources
· 4-bit wideband CQIs are independently calculated and reported across the M selected NZP CSI-RS resources
· 2-bit differential SB CQIs are independently calculated across the M selected NZP CSI-RS resource



We prefer the fully independent RI and CQI calculations as described above. 

[bookmark: _Ref166275867]Proposal 4: Support resource-specific RI, 4-bit wideband CQIs and 2-bit differential SB CQIs.


UE reporting enhancement for CJT deployments
[bookmark: _Ref166230561]Candidate values of dynamic range and granularity for delay offset reporting
It was agreed to adopt delay offset reporting as one of the Rel-19 aperiodic standalone CJT calibration reporting, and the following agreement was reached at the RAN1 # 116bis meeting regarding parameters of its dynamic range AD and resolution MD [3].
	Agreement
[bookmark: _Hlk166223539]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}
· [bookmark: _Hlk165970641]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



Among these parameters, especially for dynamic range AD, several candidate values based on two different units, i.e., CP (cyclic prefix) and ∆f (subcarrier spacing), are listed at this moment. Since one of those parameters is set for the UE by RRC signaling from NW, it is sufficient to interpret each unit within the UE, and thus no system inconvenience will occur due to the different units. However, it is preferable to unify the unit as much as possible, since it is easier for people who operate the system to understand the difference between the respective values.

[bookmark: _Ref166275935]Proposal 5: The unit of dynamic range for delay offset reporting in the Rel-19 aperiodic standalone CJT calibration reporting should be unified if possible.

Regarding down-selection of candidate values for those parameters, the feature lead of this agenda item has already proposed the direction such that at least {0.5CP, CP} should be supported and that whether any of the candidate values {0.75CP, 1.5CP, } are supported is discussed by RAN1 #117. Since one of the decision criteria for adopting CJT to PDSCH transmission is whether the delay offset of signals received from different TRPs is within CP or not, it is reasonable to adopt {0.5CP, CP}.
On top of that, {0.75CP, 1.5CP, } may be additionally adopted in the sense of increasing the number of options. In particular, it makes sense to adopt also 1.5CP, which exceeds the CP length. The reason is that the values to be fed back are the delay offsets from the reference TRP nref, while the transmission timing of each TRP may be aligned with a TRP other than nref when performing CJT. Therefore, it is meaningful to feedback information of the delay offset which is over the CP length. Also, regarding , it can be deprioritized because it is about 0.59CP which is close to 0.5CP. 

[bookmark: _Ref166276022]Proposal 6: The values {0.5CP, CP} are at least supported for the dynamic range of delay offset reporting in the Rel-19 aperiodic standalone CJT calibration reporting. The values {0.75CP, 1.5CP, } may be additionally supported, but {} can be deprioritized.
Candidate values of dynamic range and granularity for frequency offset reporting
It was agreed to adopt frequency offset reporting as one of the Rel-19 aperiodic standalone CJT calibration reporting, and the following agreement was reached at the RAN1 # 116bis meeting regarding parameters of its dynamic range AFO and resolution MFO [3].
	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



Among these parameters, especially for dynamic range AFO, several candidate values based on three different units, i.e., ppm, ∆f and ∆t (one OFDM symbol duration), are listed at this moment. From the same reason as mentioned in Sect. 2.2.1, it is preferable to unify the unit as much as possible, since it is easier for people who operate the system to understand the difference between the respective values. One of the directions regarding which unit is used to define this dynamic range is based on the notation of RAN4 specification TS 38.104, where frequency error minimum requirement of transmitted signal is defined with the unit ppm.

[bookmark: _Ref166276134]Proposal 7: The unit of dynamic range for frequency offset reporting in the Rel-19 aperiodic standalone CJT calibration reporting should be unified if possible. The unit ppm is the most likely candidate.

Regarding down-selection of candidate values for dynamic range of frequency offset reporting, the feature lead of this agenda item has already proposed the direction such that at least {0.1ppm, 0.2ppm} should be supported. Those values are lined with the frequency error minimum requirement of transmitted signal which is defined in the TS 38.104. So there is no reason not to adopt those values.

[bookmark: _Ref166276213]Proposal 8: The values {0.1ppm, 0,2ppm} are at least supported for the dynamic range of frequency offset reporting in the Rel-19 aperiodic standalone CJT calibration reporting.

Subband phase offset reporting
It was agreed to adopt wideband phase offset reporting as one of the Rel-19 aperiodic standalone CJT calibration reporting, and the following agreement was reached at the RAN1 # 116bis meeting regarding subband phase offset reporting [3].

	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



In previous RAN1 discussions, several companies have conducted computer simulations and their results show that there is a gain from wideband reporting to sub-band reporting. The phase offset reporting is supposed to be used to deal with TX/RX time misalignment issues in TDD systems. Moreover, since the hardware impairments between TX and RX in TDD systems are considered to have frequency characteristics, subband phase offset reporting can be considered to be also useful from this point of view.

[bookmark: _Ref166276278]Proposal 9: The sub-band measured phase offset reporting in one CSI reporting instance is supported in the Rel. 19 aperiodic standalone CJT calibration reporting.

Condition for ‘invalid’ for frequency offset and phase offset CJT calibration reporting
It was agreed to adopt an ‘invalid’ quantization state/hypothesis for frequency offset and phase offset CJT calibration reporting at the RAN1 # 116bis meeting as follows [3].

	Agreement
[bookmark: _Hlk166233229]For the Rel-19 aperiodic standalone CJT calibration reporting, an ‘invalid’ quantization state/hypothesis is supported for frequency offset and phase offset CJT calibration reporting
· Note: already supported as ‘out-of-range’ for the (Dn,offset, dn) reporting
· [bookmark: _Hlk166233436]FFS (RAN1#117): The need for a condition/event for ‘invalid’ to be specified as a UE procedure e.g. RSRP-based



Here, whether a condition/event for ‘invalid’ is specified as a UE procedure is still left FFS. One purpose of this 'invalid' is to avoid that if the accuracy of the measured frequency offset and phase offset measurement results is poor, the NW that receives the feedback will calibrate using the poor-quality frequency offset and phase offset. It would be desirable if such a process could be performed accurately, but the accuracy of measured frequency offset and phase offset depends on the measurement method and the accuracy of the local oscillator owned by the UE, and it is difficult to set criteria to judge the accuracy of the measurement from the NW side in advance. Therefore, it is considered acceptable to leave a condition/event for 'invalid' to the UE implementation.

[bookmark: _Ref166276355]Proposal 10: A condition/event for ‘invalid’ quantization state/hypothesis for frequency offset and phase offset CJT calibration reporting is left to the UE implementation.

Conclusion
In this contribution, we discussed issues that should be considered in this work regarding CSI support for up to 128 CSI-RS ports and UE reporting enhancement for CJT deployments under non-ideal synchronization and backhaul. Based on the discussion above, we made the following proposals.

Proposal 1: Support 2 mode Rel-19 Type-I SP codebook with RI=5-8, based on scheme-A and scheme-B. Further discussion is needed on the base scheme for A.

Proposal 2: Proposal 2: For SD basis vector selection indication, AltA.2 is supported, and For Inter-pol co-phase selection indication, AltB.2 is supported.

Proposal 3: If support Rel-19 Type-I MP codebook for FR1, adopt panel-specific SD basis MP codebook.

Proposal 4: Support resource-specific RI, 4-bit wideband CQIs and 2-bit differential SB CQIs.

Proposal 5: The unit of dynamic range for delay offset reporting in the Rel-19 aperiodic standalone CJT calibration reporting should be unified if possible.

Proposal 6: The values {0.5CP, CP} are at least supported for the dynamic range of delay offset reporting in the Rel-19 aperiodic standalone CJT calibration reporting. The values {0.75CP, 1.5CP, } may be additionally supported, but {} can be deprioritized.

Proposal 7: The unit of dynamic range for frequency offset reporting in the Rel-19 aperiodic standalone CJT calibration reporting should be unified if possible. The unit ppm is the most likely candidate.

Proposal 8: The values {0.1ppm, 0,2ppm} are at least supported for the dynamic range of frequency offset reporting in the Rel-19 aperiodic standalone CJT calibration reporting.

Proposal 9: The sub-band measured phase offset reporting in one CSI reporting instance is supported in the Rel. 19 aperiodic standalone CJT calibration reporting.

Proposal 10: A condition/event for ‘invalid’ quantization state/hypothesis for frequency offset and phase offset CJT calibration reporting is left to the UE implementation.
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