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Introduction
A new work item on NR MIMO enhancements (Phase 5) has been approved in [1]. In particular, the following objectives have been identified: 
	[bookmark: _Hlk146697700]Specify CSI support for up to 128 CSI-RS ports, targeting FR1
· 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
· 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)
· 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

Specify UE reporting enhancement for CJT deployments under non-ideal synchronization and backhaul, targeting FR1, both FDD and TDD 
· 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 enhancements to support CSI feedback for up to 128 CSI-RS ports and inter-TRP measurement and reporting for CJT calibration. 
Discussions on CSI support for up to 128 CSI-RS ports
Type I PMI codebook refinement
Two schemes for rank 1-4 Type I single-panel PMI codebook design were agreed at the last RAN1 meeting. Scheme-A corresponds to extension of legacy Type I PMI codebooks by changing values related to the number of CSI-RS ports (N1, N2). Legacy PMI codebook design delivers reasonable performance with very low PMI overhead. Scheme-B corresponds to higher precoding matrix accuracy thanks to separate Spatial Domain (SD) basis vector selection per layer. The drawback of the agreed Scheme-B is in linearly increasing PMI overhead with the number of layer (rank) that limits the extension of the corresponding design for higher ranks. 
The following agreement on support of rank 5-8 Type II PMI codebook was made at the last RAN1 meeting. 
	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.


Four schemes for rank 5-8 PMI codebook design are listed in the above agreement. Schemes 1, 2 and 3 use multiplexing of layers in a layer pair via orthogonal polarizations which allows to reduce PMI overhead significantly. While these schemes utilizing the same principle, the performance and overhead is different due to details on the SD basis vector selection across layer pairs and polarization co-phasing reporting per layer pair.  
Scheme 1 corresponds to constrained SD basis vectors selection across layer pairs. Only a subset of SD basis vector combinations is allowed for reporting. Also, a constrained reporting of co-phasing per layer pair is assumed, where the co-phasing factor for a layer is forced to be the same as co-phasing factor for another layer corresponding to different SD basis vector. The above constraints allow to reduce PMI overhead at the expense of limited precoding matrix reporting accuracy and performance. 
Scheme 3 removes the constraint for SD basis vector selection – free selection of SD basis vectors across layer pairs is allowed. However, the constraint on the reporting of inter-polarization co-phasing factor is still assumed. 
Scheme 2 corresponds to free selection of SD basis vectors across layer pairs and unconstrained reporting of co-phasing per layer pair. Thus, Scheme 2 is expected to have better precoding matrix representation accuracy comparing to Scheme 1 and Scheme 3. 
PMI codebook design for Scheme 4 considers concatenation of two codebooks with lower ranks. Further, Scheme 4A corresponds to concatenation of Scheme-A rank 1-4 PMI codebooks and Scheme 4B corresponds to concatenation of Scheme-B rank 1-4 PMI codebooks. 
PMI reporting overhead for different PMI codebook design options across different ranks is illustrated in Figure 1 for N1 = 8, N2 = 4 and 13 subbands. 
[image: ]
Figure 1. PMI reporting overhead for different PMI codebook design options across different ranks.
The following observations can be made based on the above figure. Maximum PMI overhead across ranks is considered as the measure of PMI overhead given that the resource allocation for CSI transmission shall consider worst-case PMI overhead. 
Observation 1: 
· PMI reporting overhead for Scheme 3 is close to PMI reporting overhead for the legacy rank 5-8 PMI codebook (Scheme 1) and for the legacy rank 1-4 PMI codebook (Scheme-A).
· PMI reporting overhead for Scheme 2 is significantly larger comparing to Scheme 1 while it is lower comparing to Scheme-B.
· PMI reporting overhead of Scheme 4A is significantly larger comparing to the PMI reporting overhead of Scheme 1/3 rank 5-8 PMI codebook and Scheme-A rank 1-4 PMI codebook. 
· PMI reporting overhead of Scheme 4B is significantly large comparing to all other schemes, it is 2 times larger than the PMI reporting overhead for Scheme-B rank 1-4 PMI codebook.
Based on the above analysis and observations, we propose to support Scheme 3 as extension of Scheme-A and Scheme 2 as extension of Scheme-B for rank 5-8.
Proposal 1: 
· For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports with RI=5-8, 
· If Scheme-A is configured for rank 1-4, scheme 3 is used for rank 5-8,
· If Scheme-B is configured for rank 1-4, scheme 2 is used for rank 5-8.
For Scheme 2 rank 5-8 PMI codebooks, mapping between v layers and ceil(v/2) SD basis vectors is FFS. For even ranks (rank 6 and ran 8), since there is no difference for layer pairs, performance is identical for different layer-to-SD basis vector mapping. However, for odd ranks (rank 5 and rank 7), performance depends on the SD basis vector selection for standalone layer (i.e., layer without layer pair). For example, selection of SD basis vector corresponding the highest receive signal power for standalone layer may not be optimal. Thus, free selection of SD basis vector for standalone layer with ceil(log2(ceil(v/2))) bits should be considered.
Proposal 2: 
· For Scheme 2 rank 5 and rank 7 PMI codebooks, support reporting of SD basis vector corresponding to the standalone layer (i.e., layer without layer pair) with ceil(log2(ceil(v/2))) bits.
All the remaining details on UCI parameters for rank 1-4 PMI codebook are agreed except SD basis vector selection indicator and inter-pol co-phase selection indicator for Scheme-B with two alternatives considered for down-selection. 
	SD basis vector selection indicator for each layer
	Alt1: Part 1
Alt2: Part 2 

	v=1-4: 
· Alt1:  bit indicator per layer l=1, …, RIMAX
· Alt2:  bit indicator per layer l=1, …, v


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

	v=1-4: 
· Alt1: QPSK with orthogonality constraints across v layers
· Alt2: QPSK: 2-bit indicator per layer l=1,…,v



Reporting of SD basis vector selection in part 1 (Alt1) allows to dynamically reduce CSI overhead if SD basis vectors are the same for two layers assuming that orthogonal polarization co-phasing will be reported for those two layers. Reporting of SD basis vector selection in part 2 (Alt2) allows to adapt the number of bits for SD basis vector selection according to the number of layers (reported RI). The maximum PMI overhead for Alt1 and Alt2 is the same, while number of bits in part 1 is slightly larger for Alt1 comparing to Alt2. Thus, Alt1 may require larger resource allocation since the code rate for part 1 CSI can be larger comparing to part 2 CSI. Hence, we support Alt2 for SD basis vector selection indicator and inter-pol co-phase selection indicator reporting. 
Proposal 3: 
· Support reporting of SD basis vector selection indicator and inter-pol co-phase selection indicator in CSI part 2 (Alt2) for rank 1-4 Type I PMI codebook Scheme-B
One aspect of CSI reporting design which is not yet finalized is partial UCI omission. In our view, legacy principles for partial UCI omission defined for Rel-15 Type I PMI codebooks can be fully reused for the newly introduced Type I PMI codebooks for up to 128 CSI-RS ports. In particular, PMI report can be divided into three boxes: wideband PMI components, subband PMI components for even subbands, subband PMI components for odd subbands. 
Proposal 4: 
· Legacy design for partial UCI omission is fully reused for Type I single-panel PMI codebooks for up to 128 CSI-RS ports. 
CSI report with PMI for up to 128 CSI-RS ports requires significantly more computational resources at the UE comparing to the legacy PMI for up to 32 CSI-RS ports. For the Rel-15 PMI codebooks, the number of CSI processing units (CPUs) occupied by a single CSI report is equal to the number of CSI-RS resources configured for channel measurements. We propose to reuse legacy CPU occupancy rules with the number of occupied CPUs determined as the number of configured CSI-RS resources for channel measurements. In this case the number of CPUs occupied by a CSI report with 128 CSI-RS ports for PMI is equal to 4 given that 4 CSI-RS resources with 32 CSI-RS ports in each resource are used for channel measurements. Also, we propose to reuse legacy active CSI-RS resource counting rules. 
Proposal 5: 
· Legacy design for CPU occupancy rules and active CSI-RS resource counting shall be reused for up to 128 CSI-RS ports. 
The following agreement was made at the last RAN1 meeting on the support of Type I multi-panel PMI codebooks for up to 128 CSI-RS ports.
	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.


Given that multi-panel PMI codebooks are more relevant for FR2, it is unclear whether support of optimized codebooks is required considering that support of up to 128 CSI-RS ports is targeting FR1 bands. Considering the above, to reduce the standardization efforts, Scheme 1 should be considered if multi-panel PMI codebook is supported for up to 128 CSI-RS ports.
Proposal 6: 
· If multi-panel PMI codebook is supported for up to 128 CSI-RS ports, scheme 1 is adopted (Rel-15 Type I MP design extended with Ng=K (2, 3, and 4), and new (N1, N2) values). 
Extension of CRI reporting
Significant progress on CSI report design with multiple CRI values was achieved at the last RAN1 meeting. It was agreed to support reporting of M CRI values separately by using ceil(log2(K)) bits, where K is the number of CSI-RS resources configured for channel measurements. Given that the content of CSI per CRI value is the same (RI/PMI/CQI/LI), legacy UCI parameters can be reused with placing of the UCI components in part 1 CSI and part 2 CSI according to the legacy specification. 
Proposal 7: 
· For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, support the following UCI parameters reporting in CSI part 1 and CSI part 2:
· CSI part 1: CRI, RI, CQI values for 1st CW.
· CSI part 2: PMI, LI, CQI values for 2nd CW.
One corner case which needs to be considered for the CRI reporting is reporting of out-of-range CQI values. In some cases (e.g., channel with dominant LoS ray), scheduling of a UE for an analog beam which corresponds to the reported out-of-range CQI does not make sense. Since CQI value is reported in the CSI part 1, we propose to consider dropping of CSI part 2 for a CRI value corresponding to out-of-range wideband CQI value reported in the CSI part 1.
Proposal 8: 
· Support dropping of CSI part 2 (PMI, LI, CQI values for 2nd CW) for a CRI value corresponding to out-of-range wideband CQI value reported in the CSI part 1.
NR specification supports partial UCI omission mechanism for the case of CSI payload size exceeding UCI container size. CSI bitfields are divided in groups with assigned priority, where CSI bitfield groups with lower priority are dropped in the event of partial UCI omission. For the reporting of multiple (CRI, RI, PMI, CQI) in a single CSI report, it is obvious that CSI information corresponding to the larger channel capacity has more importance. Given that RI and wideband CQI for the first CW are reported in CSI part 1, it is possible to sort PMI and CQI for the second CW based on channel capacity estimated from the RI and wideband CQI for the first CW. The following equation can be used to calculate priority associated with kth reported CRI value, for k = 1, 2, …, M:
Priority(k) = 200·SE(WB_CQIk)·RIk + IDk,
where WB_CQIk is wideband CQI index for 1st CW reported in CSI part 1 for kth CRI, RIk is RI value reported in CSI part 1 for kth CRI, SE(CQI) is spectral efficiency as a function of CQI index corresponding to efficiency row from the configured CQI table, IDk is the ID corresponding to the CSI-RS resource selected by the kth CRI (IDk = {1, 2, …, Ks}), multiplier 200 is needed in order to make sure that CSI-RS resource ID has an impact on the priority value only if the capacity for different CRI values is identical.
Proposal 9: 
· Order of bitfield groups corresponding to different CRI values in CSI part 2 is determined based on RI and WB CQI value for 1st CW reported in the CSI part 1
· The following priority function can be used: Priority(k) = 200·SE(WB_CQIk)·RIk + IDk, 
· k is the index of reported CRI value, for k = 1, 2,…, M,
· WB_CQIk is wideband CQI index for 1st CW reported in CSI part 1 for kth CRI
· RIk is RI value reported in CSI part 1 for kth CRI
· SE(CQI) is spectral efficiency as a function of CQI index corresponding to efficiency row from the configured CQI table
· IDk is the ID corresponding to the CSI-RS resource selected by the kth CRI, IDk = {1, 2, …, Ks}
· Multiplier 200 is needed in order to make sure that CSI-RS resource ID has an impact on the priority value only if the capacity for different CRI values is identical
Discussions on UE reporting enhancement for CJT
In this section, we present our views on inter-TRP calibration measurement and reporting for CJT operation. The primary motivation of inter-TRP calibration measurement is to enable TRPs to perform pre-compensation for coherent joint transmission so as to improve overall performance, particularly in scenarios where multiple TRPs are located at considerable distances. This calibration is also beneficial in TDD scenarios, where inter-TRP DL/UL calibration across TRPs can be used to ensure proper DL/UL reciprocity holds.
At the RAN1#116b meeting, the following agreements were made regarding the configurations of TRS or CSI-RS resources/resource sets for delay offset, frequency offset and phase offset measurement, respectively [3]. 
	[bookmark: _Hlk163785876]Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, regarding the applicable type(s) of the configured NTRP NZP CSI-RS resources/resource sets when ReportQuantity is ‘cjtc-Dd’ (Doffset+d) or ‘cjtc-F’ (frequency offset), periodic TRS (‘CSI-RS for tracking’) resource set is used for each of the NTRP NZP CSI-RS resource sets
· Extend the maximum allowed number of TRS resource sets to 4 (note: legacy supports max. 3 from Rel-18 TDCP)
· FFS: Whether all the resources across the NTRP TRS resource sets are configured with the same bandwidth
· FFS: Whether aperiodic TRS resource set can also be used
· FFS: Whether CSI-RS for CSI can also be used
· FFS: Whether different RE locations (FDM) are supported for the RSs
· FFS: additional time separation between RSs 
· FFS: The exact number of CSI-RS resource(s) within each TRS resource set
· FFS: applicable type(s) if joint reporting of both Doffset/d and FO is supported
Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, regarding the applicable type(s) of the configured NTRP NZP CSI-RS resources/resource sets when ReportQuantity is ‘cjtc-P’ (DL/UL phase offset), single-port CSI-RS(s) for CSI is used 
· FFS: Whether multi-port CSI-RS for CSI can also be used 
· FFS: Whether all the ‘CSI-RS for CSI’ resources within each resource set follow the legacy pre-Rel-19 rules of CSI-RS resources associated with a same resource set, and whether only 1 or NTRP >1 resource sets are used
· FFS: The exact number of CSI-RS resource(s) within each resource set
· FFS: Whether different RE locations (FDM) are supported for the RSs
· FFS: additional restrictions e.g. time separation between RSs, bandwidth


For delay offset and frequency offset measurement, when multiple TRS resource sets are configured for CJT calibration measurement, same bandwidth and RE locations can be configured for the TRS resources in different TRS resource sets, which may be beneficial in term of simplifying the UE implementation for delay and frequency offset estimation. Further, it may be beneficial to support aperiodic TRS resource sets for delay and frequency offset measurement, which may help reduce latency on the measurement. 
The same design principle can also be applied for the case of DL/UL phase offset measurement. In particular, if more than one CSI-RS resource sets is configured for phase offset measurement, same bandwidth and RE locations can be configured for the CSI-RS resources in different CSI-RS resource sets. 
Proposal 10: 
· For delay and frequency offset measurement, 
· When multiple TRS resource sets are configured, same bandwidth and RE locations are configured for TRS resources across different TRS resource sets. 
· Aperiodic TRS resource sets can be configured. 
· For DL/UL phase offset measurement,
· When multiple CSI-RS resource sets are configured, same bandwidth and RE locations are configured for CSI-RS resources across different CSI-RS resource sets. 

At the RAN1#116b meeting, the following agreements were made regarding the dynamic range and resolution parameters for delay and frequency offset reporting [3]: 
	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
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


Table 1 illustrates dynamic range and resolution for delay offset for 15 kHz SCS. According to the agreement, UE needs to report both delay offset and an indication on whether a combination of delay offset and delay spread exceeds the CP for CJT calibration reporting. In this regard, it may not be necessary to consider the maximum range of delay offset beyond the CP length. 
From the table, it can be observed that utilizing the subcarrier spacing as the maximum range of delay offset would provide similar values to those obtained with CP length. In order to simplify the configuration, it would be more appropriate to adopt a single unit for all the supported values. Hence, in our view, the set of supported values for dynamic range of delay offset can be {0.5CP, 0.75CP, CP} for the purposes of CJT. 
Note that as part of Rel-18 two-TA feature, a UE capability FG 40-2-6 was introduced for reception of PDSCH transmission with a delay difference greater than CP. In our view Rel-19 inter-TRP delay offset reporting feature can be beneficial at the NW for TRP selection intended for multi-DCI multi-TRP transmission. In this case, the MRTD as determined by RAN4 is 33us in FR1 and 8us in FR2-1 (Table 7.6.8-2 in 38.133) – in order to support this case a range of delay offset may be beneficial that is larger than a CP. 
[bookmark: _Ref164950264]Table 1. Dynamic range and resolution for delay offset for 15 kHz SCS
	
	0.5CP
	0.75CP
	CP
	1.5CP
	2CP
	
	
	

	Dynamic range (
	2.34
	3.52
	4.69
	7.03
	9.38
	16.67
	5.56
	2.78

	Resolution, M=32 (
	0.07
	0.11
	0.15
	0.22
	0.29
	0.52
	0.17
	0.08

	Resolution, M=64 (
	0.04
	0.05
	0.07
	0.11
	0.15
	0.26
	0.08
	0.04



As illustrated in the Table 2, the maximum frequency offset between TRPs can be up to 0.2 ppm, assuming medium range and local area BS. For wide area BS, the maximum frequency offset between TRPs can be up to 0.1 ppm. Based on this requirement, it is not necessary to define maximum frequency offset range which is greater than 0.1 or 0.2 ppm. 
[bookmark: _Ref164956946]Table 2. Frequency error minimum requirement
	BS class
	Accuracy

	Wide Area BS
	±0.05 ppm

	Medium Range BS
	±0.1 ppm

	Local Area BS
	±0.1 ppm



Table 3 illustrates dynamic range and resolution for frequency offset for 15 kHz SCS and 3.5 GHz carrier frequency. In the table, it is evident that only 1/(32t) and 1/(512t) yield the maximum frequency offset less than the values due to minimum requirement for frequency error. Following the same design principle for delay offset, it is more reasonable to limit the set of supported values for dynamic range of frequency offset as {0.01ppm, 0.1ppm, 0.2ppm}.
[bookmark: _Ref164956413]Table 3. Dynamic range and resolution for frequency offset for 15 kHz SCS and 3.5 GHz carrier frequency
	
	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)

	Dynamic range (Hz)
	35
	350
	700
	15000
	7500
	3750
	1875
	3750
	1875
	938
	469
	29

	Resolution M=16 (Hz)
	2.2
	21.9
	43.8
	937.5
	468.8
	234.4
	117.2
	234.4
	117.2
	58.6
	29.3
	1.8

	Resolution M=32 (Hz)
	1.1
	10.9
	21.9
	468.8
	234.4
	117.2
	58.6
	117.2
	58.6
	29.3
	14.7
	0.9



Proposal 11: 
· For delay offset, the set of supported values for dynamic range can be {0.5CP, 0.75CP, CP}.
· Discuss whether to support greater than CP range for supporting FG 40-2-6 (Rel-18 two-TA)
· For frequency offset, the set of supported values for dynamic range can be {0.01ppm, 0.1ppm, 0.2ppm}.

Further, at the RAN1#116b meeting, the following agreement was made regarding the support of wideband reporting for phase offset [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



It should be noted that per-TRP DL/UL Rx-Tx phase compensation at NW side for reciprocity, e.g. using both CSI-RS and SRS for measurement was identified as one of the use cases. More specifically, for TDD system, UE transmits the SRS to various TRPs for DL channel sounding due to reciprocity. These TRPs then measure the UL initial phase from the received SRS and exchange this information to jointly determine the inter-TRP UL phase offset. Further, UE may measure and report the inter-TRP phase difference based on the CSI-RS transmission from the different TRPs. By utilizing both the reported inter-TRP DL phase offset and measured UL phase offset, the network can calculate the phase offset for reciprocity compensation during CJT operation. 
Hence, it is beneficial to support DL/UL Rx-Tx phase offset reporting for CJT calibration reporting. However, given that inter-TRP delay offset is supported for CJT calibration reporting, it is not clear the motivation to support subband based reporting for phase offset. In our view, only wideband based reporting for DL/UL Rx-Tx phase offset should be supported. In addition, joint reporting of DL/UL phase offset and delay offset may be considered for CJT calibration reporting. 
Proposal 12: 
· For DL/UL phase offset reporting, subband reporting is not supported. 
· Joint reporting of DL/UL phase offset and delay offset can be supported. 
Conclusion
In this contribution, we have provided our views on enhancements to support CSI feedback for up to 128 CSI-RS ports and inter-TRP calibration measurement and reporting for CJT operation. The following proposals and observations were made: 
Observation 1: 
· PMI reporting overhead for Scheme 3 is close to PMI reporting overhead for the legacy rank 5-8 PMI codebook (Scheme 1) and for the legacy rank 1-4 PMI codebook (Scheme-A).
· PMI reporting overhead for Scheme 2 is significantly larger comparing to Scheme 1 while it is lower comparing to Scheme-B.
· PMI reporting overhead of Scheme 4A is significantly larger comparing to the PMI reporting overhead of Scheme 1/3 rank 5-8 PMI codebook and Scheme-A rank 1-4 PMI codebook. 
· PMI reporting overhead of Scheme 4B is significantly large comparing to all other schemes, it is 2 times larger than the PMI reporting overhead for Scheme-B rank 1-4 PMI codebook.
Proposal 1: 
· For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports with RI=5-8, 
· If Scheme-A is configured for rank 1-4, scheme 3 is used for rank 5-8,
· If Scheme-B is configured for rank 1-4, scheme 2 is used for rank 5-8.
Proposal 2: 
· For Scheme 2 rank 5 and rank 7 PMI codebooks, support reporting of SD basis vector corresponding to the standalone layer (i.e., layer without layer pair) with ceil(log2(ceil(v/2))) bits.
Proposal 3: 
· Support reporting of SD basis vector selection indicator and inter-pol co-phase selection indicator in CSI part 2 (Alt2) for rank 1-4 Type I PMI codebook Scheme-B
Proposal 4: 
· Legacy design for partial UCI omission is fully reused for Type I single-panel PMI codebooks for up to 128 CSI-RS ports. 
Proposal 5: 
· Legacy design for CPU occupancy rules and active CSI-RS resource counting shall be reused for up to 128 CSI-RS ports. 
Proposal 6: 
· If multi-panel PMI codebook is supported for up to 128 CSI-RS ports, scheme 1 is adopted (Rel-15 Type I MP design extended with Ng=K (2, 3, and 4), and new (N1, N2) values). 
Proposal 7: 
· For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, support the following UCI parameters reporting in CSI part 1 and CSI part 2:
· CSI part 1: CRI, RI, CQI values for 1st CW.
· CSI part 2: PMI, LI, CQI values for 2nd CW.
Proposal 8: 
· Support dropping of CSI part 2 (PMI, LI, CQI values for 2nd CW) for a CRI value corresponding to out-of-range wideband CQI value reported in the CSI part 1.
Proposal 9: 
· Order of bitfield groups corresponding to different CRI values in CSI part 2 is determined based on RI and WB CQI value for 1st CW reported in the CSI part 1
· The following priority function can be used: Priority(k) = 200·SE(WB_CQIk)·RIk + IDk, 
· k is the index of reported CRI value, for k = 1, 2,…, M,
· WB_CQIk is wideband CQI index for 1st CW reported in CSI part 1 for kth CRI
· RIk is RI value reported in CSI part 1 for kth CRI
· SE(CQI) is spectral efficiency as a function of CQI index corresponding to efficiency row from the configured CQI table
· IDk is the ID corresponding to the CSI-RS resource selected by the kth CRI, IDk = {1, 2, …, Ks}
· Multiplier 200 is needed in order to make sure that CSI-RS resource ID has an impact on the priority value only if the capacity for different CRI values is identical
Proposal 10: 
· For delay and frequency offset measurement, 
· When multiple TRS resource sets are configured, same bandwidth and RE locations are configured for TRS resources across different TRS resource sets. 
· Aperiodic TRS resource sets can be configured. 
· For DL/UL phase offset measurement,
· When multiple CSI-RS resource sets are configured, same bandwidth and RE locations are configured for CSI-RS resources across different CSI-RS resource sets. 
Proposal 11: 
· For delay offset, the set of supported values for dynamic range can be {0.5CP, 0.75CP, CP}.
· Discuss whether to support greater than CP range for supporting FG 40-2-6 (Rel-18 two-TA)
· For frequency offset, the set of supported values for dynamic range can be {0.01ppm, 0.1ppm, 0.2ppm}.
Proposal 12: 
· For DL/UL phase offset reporting, subband reporting is not supported. 
· Joint reporting of DL/UL phase offset and delay offset can be supported. 
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