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1. [bookmark: _Ref521334010]Introduction
 In RAN #102 meeting, specifying UE reporting enhancement for CJT deployments under non-ideal synchronization and backhaul as well as specifying CSI support for up to 128 CSI-RS ports were approved in the WID for Rel-19 NR MIMO [1]. The work item objectives are:
	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
[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


In RAN1#116bis meeting, regarding UE reporting enhancement for CJT, several agreements about time/frequency/phase offset measurement and reporting details have been achieved. For CSI-RS for up to 128 ports, CSI-RS resource aggregation details, Type I SP codebook enhancement schemes for RI=1-4, Type II codebook enhancement CBSR, and detailed framework for multi-CRI-based CSI reporting have been agreed.  
In this contribution, for UE reporting enhancement for CJT, support on subband phase offset measurement and reporting is discussed. Measurement RS, reporting quantization details for phase/time/frequency report are also analyzed separately. For CSI support for up to 128 CSI-RS ports, our views on Type I SP codebook enhancement scheme for RI=5-8, Type I MP codebook enhancement schemes for RI=1-4, details for type II codebook CBSR and aperiodic CMR configuration for Rel-19 type II codebook over Rel-18 Type II Doppler codebook are analyzed. Finally, detailed configurations for multi-CRIs-based CSI reporting and consideration on CPU occupation and active resource counting are also discussed.
2. UE reporting enhancement for CJT
2.1. Phase offset measurement and reporting
[bookmark: _Ref162806585]Phase offset reporting granularity
In RAN1#116bis, the following agreement was made on phase offset reporting:
	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


According to the agreement, whether >1 (sub-band reporting) is also supported is for further study. 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.
SLS simulation is conducted to justify the necessity of sub-band reporting. The simulation assumptions are listed in Appendix. In the simulation, the performance of wideband calibration (i.e., only wideband phase offsets are reported for calibration) is evaluated with respect to inter-TRP phases that are composite of both wideband stationary phase and frequency selective phase corresponding to TX-RX time misalignment including inter-TRP TX-RX group delay difference (TAE) and/or synchronization residual, where the TX-RX time misalignment () is 0~200ns.
[image: ]
Figure 1 Relative gain of wideband calibration to ideal calibration.
Simulation results reveal that when ns, wideband only reporting cannot compensate the phase error and there is around 9% performance degradation with respect to ideal calibration (the case without reciprocity error and time misalignment).
[bookmark: _Ref166248094]Observation 1: With inter-TRP TX-RX time misalignment, the wideband only calibration (i.e., UE reports only wideband DL phase offsets for calibration) cannot well compensate the DL/UL reciprocity error.
Evaluations of subband calibration with different subband sizes are presented in Figure 2. In the simulation, subband size=8/16 PRBs. The phase offsets of all subbands are reported, which is 7 and 4 subbands for 8 PRBs granularity and 16 PRBs granularity, respectively. Each phase offset is quantized by 4bits. The per-TRP TX-RX time misalignment is modelled by a uniform random variable with [-65:65] ns. According to the simulation, subband calibration can almost achieve the performance of the ideal calibration (no reciprocity error and time misalignment) while wideband calibration still has 7% performance degradation. 
[bookmark: _Ref163077778][bookmark: _Ref166248107]Observation 2: With inter-TRP TX-RX time misalignment, subband calibration outperforms the performance of wideband only calibration.




[bookmark: _Ref166018079]Figure 2 The performance of different calibration schemes

[bookmark: _Ref166020143]Figure 3 The performance of different subband with subband size equal to 8PRBs.
[bookmark: _GoBack]When non-precoded CSI-RSs are used in the calibration, the estimated DL phase offsets are not linear with frequency due to the impact of the DL channel information. In this case, subband phase offsets cannot be compressed into wideband phase offset and slope information. When precoded CSI-RSs are used in the calibration, the DL channel information can be separated from the DL phase offsets if maximum ratio transmitting precoder is used for CSI-RS. When non-precoded CSI-RSs are used in the calibration, low feedback overhead based calibration scheme can also be performed. Although the DL phase offsets are not linear with frequency due to the phase contribution from the DL channel, the impact of DL channel phase can be removed thanks to channel reciprocity and DL-UL joint processing. Therefore, the calibration coefficients derived by the network are linear with frequency theoretically. Upon receiving the DL phase offsets, the network can perform joint processing with UL phase offsets and apply an implementation-specific algorithm to interpolate or extrapolate the calibration coefficients on the entire bandwidth for pre-compensation. Therefore, DL phase offsets corresponding to some selected subbands can be reported to reduce the feedback overhead. It is assumed that the total number of subbands is  and the number of selected subbands is . Different subband calibration schemes with  are evaluated, and simulation results are shown in Figure 3. In the simulation, subband size=8 PRBs and SCS=15kHz. ForUE calculates and reports the DL phase offsets on selected 2, 4 subbands. Simulation shows that the proposed low feedback overhead based calibration scheme with can also achieve quite good performance while maintaining a moderate overhead cost.
Similar to the existing CSI reporting framework, the network can configure the corresponding phase offset reporting band. The total number of subbands within one BWP is defined by , which is determined by the number of PRBs in the BWP and the configured subband size. The number of subbands for phase offset reporting within the configured  subbands is , which can be smaller than .
[bookmark: _Ref166248111]Observation 3: When non-precoded CSI-RSs are used in the calibration, the measured phase offsets on multiple subbands cannot be compressed into one phase offset and one phase slope.
[bookmark: _Ref166248116]Observation 4: When non-precoded CSI-RSs are used in the calibration, calibration coefficients on the entire bandwidth can be derived from the estimated calibration coefficients of partial subbands.
[bookmark: _Ref166248123]Observation 5: The proposed low feedback overhead calibration scheme (i.e., UE reports phase offsets of selected partial subbands for calibration) achieves similar performance of subband calibration scheme (i.e., UE reports phase offsets of all subbands for calibration) while maintaining a moderate overhead cost.
[bookmark: _Ref163077813][bookmark: _Ref162887350]Proposal 1:  For the Rel-19 aperiodic standalone CJT calibration reporting, subband DL phase offset reporting (>1 ) is supported.
Measurement RS
In RAN1#116bis meeting, the following agreement on measurement RS for DL/UL phase offset was achieved, and the detailed configuration of CSI-RS resources/resource sets (e.g., multi-port CSI-RS, possible restrictions on configuration) is for further study.
	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


In legacy CSI-RS based measurement and reporting, the number of CSI-RS ports is not limited to one. In CSI based measurement and reporting, the number of CSI-RS ports is up to 32. In beam based measurement and reporting, the number of CSI-RS ports is one or two. Thus there is no need to restrict the number of CSI-RS ports in phase offset reporting.
On the other hand, multiple ports of one TRP can be used in DL phase offsets measurement to improve the accuracy of the calibration. UE can derive multiple DL phase offsets with multiple ports. According to section 2.1.3, the phase offsets corresponding to the same TRPs can be combined before reporting to reduce signaling overhead. Besides, UE can also select one port which has better channel quality to measure DL phase offsets.  Therefore, multi-port CSI-RS shall be supported.
Since multi-port CSI-RS is supported, the number of CSI-RS resource can be equal to NTRP. From measurement point of view, there is no difference whether NTRP >1 CSI-RS resources are in one CSI-RS resource set or NTRP CSI-RS resource sets. Then legacy pre-Rel-19 rule can be followed, and all the CSI-RS resources are in one resource set.
In phase offset measurement and reporting, there is no special requirement on time/frequency location or separation for different RSs. The RE locations and time separation between RSs can depend on gNB’s implementation. Different RE locations (FDM) are supported for the CSI-RS resources, and no additional restrictions on time separation between RSs, bandwidth.
[bookmark: _Ref166248322]Proposal 2: For the Rel-19 aperiodic standalone CJT calibration reporting, the following configurations on CSI-RS resources for phase offset reporting are supported.
· Multi-port CSI-RS can also be used.
· All the CSI-RS resources are configured in one resource set.
· The number of CSI-RS resources in one resource set is NTRP.
· Different RE locations (FDM) are supported for the CSI-RS resources.
· Additional restrictions on time separation between RSs and bandwidth are not needed.
[bookmark: _Ref165993719]Measurement behavior
In order to improve calibration accuracy, calibration coefficient can be calculated based on multiple samples. The assumption for joint calculation is that the reciprocity errors in these samples are the same. Since it is assumed that self-calibration has already been performed within each TRP, multiple antennas in one TRP, or multiple time/frequency samples can be used to calculate calibration coefficient jointly. 
Multiple antennas based joint calibration:
When multiple antennas are used in the joint calibration, the following measurement and reporting methods can be considered:
· Method 1: Each TRP selects multiple antennas to transmit the calibration RSs. UE measures the calibration RSs and reports one or more DL phase offsets between two TRPs. 
· Method 2: Beamforming is implemented to transmit the calibration RSs. UE measures the calibration RSs and reports one DL phase offset between two TRPs. 
If multiple DL phase offsets between two TRPs are reported in Method 1, different phase offsets are associated to different transmit antennas of these two TRPs. The same antennas can be used by the network to receive calibration SRS. Then the calibration coefficient can be jointly calculated by these DL/UL phase offset pairs. 
If one DL phase offset between two TRPs is reported, this reported DL phase offset can be a combined offset. In order for the network to calculate calibration coefficient correctly, same rule for DL phase offsets and UL phase offsets combination should apply. For example, the network uses the 3rd and the 4th antenna for TRP 1, the 1st and the 2nd antenna for TRP 2 to perform calibration. The DL and UL channels between TRP 1 and the UE are , , , and , respectively. The DL and UL channels between TRP 2 and the UE are , , , and , respectively. According to reciprocity error model
 
 
where  and  are reciprocity errors modeled for TRP 1 and TRP 2.
If the reported DL phase offset is combined with the following equation:

If UL phase offset is combined with a different rule, e.g., different equation or different antennas as the following:
 or ,
calibration coefficient cannot be derived correctly.
Therefore, same rule should be followed in DL phase offset determination and UL phase offset determination.
Method 2 can be treated as a special case of Method 1, where channel information of multiple antennas is combined before DL phase offset calculation. It is assumed that  and  are DL channel and UL channel between the th antenna (, where  is the calibration antenna set for TRP1) of TRP 1 and UE.  and  are DL channel and UL channel between the th antenna (, where  is the calibration antenna set for TRP2) of TRP 2 and UE.  and  are beamformer used for calibration RSs transmission in TRP 1and TRP 2. The DL phase offset can be calculated by the following equation:

It can be seen that, in order to derive calibration coefficient correctly, the same combiner ( and  should be used in calibration SRSs receiver.
From the calibration coefficient calculation point of view, the order of beamformer (i.e., calibration RS transmission) and combiner (i.e., calibration SRS reception) is not important.
[bookmark: _Ref163077373]Observation 6: In multiple antennas based joint calibration, if different antennas, rules or methods are adopted for DL phase offset calculation and UL phase offset calculation, calibration coefficients cannot be derived correctly.
Multiple time/frequency samples based joint calibration:
When multiple time/frequency samples are used in the joint calibration, average or iteration based method can be performed to derive calibration coefficient.
Similar to multiple antennas based calibration, same resources or rules should be used in DL phase calculation and UL phase calculation. It is assumed that  and  are DL channel and UL channel in theth RB between TRP 1 and the UE.  and  are DL channel and UL channel in theth RB between TRP 2 and the UE. The DL phase offset can be calculated by the following equation:

If all RBs are involved in DL phase offset calculation, and several subbands are involved in UL phase offset calculation, calibration coefficient cannot be derived correctly. System level simulation is conducted based on the agreed EVM in [3]. Figure 4 shows performances of multiple frequency samples based calibration. Evaluation assumptions are summarized in Appendix, except that the TDD per-TRP DL/UL timing misalignments are not modeled. It is noticed that the bandwidth is 10MHz which SCS is 15kHz, and gNB Tx power is 41dBm. Antenna setup and port layouts at TRP are (4,4,2,1,1,2,1).


[bookmark: _Ref166015929]Figure 4 The performances comparison of multiple frequency samples based calibration
Simulation results show that aligned 4 subbands based calibration achieves similar performance to all subbands based calibration. It can be seen that calibration performance is degraded with misaligned frequency resources in DL and UL phase offset calculation. The misaligned frequency resources in DL phase offset calculation and UL phase offset calculation means that the first 4 subbands are used in DL phase offset measurement, and the last 4 subbands are used in UL phase offset calculation. Therefore, whether there is a need to derive calibration coefficient with all subbands or all RBs shall be studied. Even if reciprocity error is constant in the whole bandwidth, some subbands can be selected by UEs to report DL phase offsets, and UL phase offset can also be derived with the same selected subbands. 
[bookmark: _Ref163077461]Observation 7: Calibration performance is degraded with misaligned frequency resources in DL and UL phase offset calculation.
[bookmark: _Ref163077467]Observation 8: In multiple time/frequency samples based joint calibration, if different resources or rules are adopted for DL phase offset calculation and UL phase offset calculation, calibration coefficients cannot be derived correctly.
[bookmark: _Ref163077513]Proposal 3: For the Rel-19 aperiodic standalone CJT calibration reporting, to alleviate non-ideal UL-DL reciprocity error among TRPs, DL phase offset calculation, UL phase offset calculation method and measurement antennas/ resources shall be aligned.
In DL phase offset measurement and reporting, UE measures CSI-RSs from two TRPs and derives one DL phase offset. Since inter-TRP DL/UL phase offset includes the impact of reciprocity error and phase difference of two DL/UL channel information, DL and UL phase offsets used to calculate calibration coefficient should be corresponding to the same transmit/receive antenna ports. The restrictions on antennas ports of measurement RSs (CSI-RSs for DL phase offset measurement, and SRSs for UL phase offset measurement) shall be met by both the network side and the UE side.
Taking Figure 5 as an example, the network uses the 4th antenna port of TRP 1 and the 1st antenna port of TRP 2 to transmit CSI-RSs, and the UE uses the 1st antenna port to receive CSI-RSs and derive DL phase offsets. In SRS transmission, the UE also uses the 1st antenna port to transmit SRS, and TRP 1 and TRP 2 use the 4th antenna port and the 1st antenna port to receive SRS and calculate UL phase offset, respectively. If the UE uses different antenna port in CSI-RSs receive and SRS transmission, the DL phase offset and UL phase offset cannot be used jointly to calculate calibration coefficient. In order for the network to calculate calibration coefficient, the measurement behaviour should be restricted. For example, SRS and CSI-RSs are associated with each other. The UE uses the same antenna port for transmitting the associated SRS resource and receiving the CSI-RS resources. The association can be configured in either SRS/CSI-RS resources configuration or triggering state configuration. 
Beside antenna port, spatial domain transmission filter or TCI state also has an impact on UL/DL reciprocity. The UE can use the association to determine the spatial domain transmission filter or TCI state for SRS resource transmission, e.g., the UE shall transmit the SRS resource with the same spatial domain transmission filter used for the reception of the associated CSI-RS resources.


[bookmark: _Ref166011554]Figure 5 CSI-RSs receive and SRS transmission at the UE side
[bookmark: _Ref159272047][bookmark: _Ref166248501]Proposal 4: For the Rel-19 aperiodic standalone CJT calibration reporting, the association between CSI-RS resources and SRS resource in phase offset measurement and reporting is established.
· The UE shall use the same antenna port for transmitting the associated SRS resource and receiving the CSI-RS resources.
· The UE shall transmit the associated SRS resource with the same spatial domain transmission filter used for the reception of the CSI-RS resources.
Condition/event for invalid quantization hypothesis indication
In RAN1#116bis meeting, the following agreement has been made to introduce an invalid quantization hypothesis for phase/frequency offset quantization. 
	Agreement
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
· FFS (RAN1#117): The need for a condition/event for ‘invalid’ to be specified as a UE procedure e.g. RSRP-based


For such invalid quantization hypothesis, UE and NW should have a common understanding on the definition or criteria to categorize a phase/frequency offset as invalid. In our views, there are at least two motivations for introducing the invalid hypothesis.
Firstly, such hypothesis can be used to indicate a frequency offset which is either out of the quantization range or the estimation range. As is agreed in RAN1#116bis, the frequency offset is quantized over the [0, ], where  is NW configured via RRC signalling from candidate values. When the frequency offset is beyond the range defined by , the invalid quantization hypothesis can be used. In addition, frequency offset is derived by correlation between RSs at different time domain locations. Therefore, the maximum frequency offset is bounded by the RS configuration in time domain. If the frequency offset is beyond the estimation range associated with the RS configuration, invalid quantization hypothesis can also be used. It should be noted that for phase offset, since the quantization range is [0, ], a modulo operation is applied on the phase offset and only the remainder part between [0, ] will be reported. Therefore, regarding the phase offset reporting, an invalid hypothesis is not needed to indicate either out of the quantization range or the estimation range.
Secondly, invalid quantization hypothesis can serve to indicate the confidence of measured phase/frequency offset. For example, the phase/frequency offset is measured by NZP CSI-RS resources/resource sets, if the RSRP associated to a CSI-RS resource is too low, the estimation is likely to be erroneous. Therefore, invalid quantization hypothesis can be used if the UE is unconfident about the measured phase/frequency offset. In this case, NW should at least provide UE some guidance on how a phase/frequency offset associated to a particular NZP CSI-RS resource/resource set is qualified as invalid. Such guidance includes predefined or NW configured constraints and/or condition/event. For example, NW can configure a RSRP threshold for the measurement RS, if the RSRP associated to a RS is inferior to the configured RSRP threshold, invalid quantization hypothesis will be reported.
[bookmark: _Ref163075951][bookmark: _Ref166248525]Proposal 5: For the Rel-19 aperiodic standalone CJT calibration reporting, regarding the invalid quantization state/hypothesis for frequency and phase offset CJT calibration reporting:
· Support predefined or NW configured constraints and/or condition/event to facilitate the decision of invalid quantization state/hypothesis
· The constraints and/or condition/event can be RSRP/RSRQ/SINR-based
2.2. Time offset measurement and reporting
[bookmark: _Ref166000516]Measurement RS
In RAN1#116bis meeting, the following agreement was made on measurement RS for time offset based measurement:
	Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, regarding QCL assumptions, each of the NTRP DL-RSs can be configured with a TCI state via RRC signaling
· ‘The DL-RS’ refers to the CSI-RS configured for CJT calibration measurement
· FFS: Whether additional constraints are needed for the TCI state of the ‘DL-RS’
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


Whether further restriction(s) on applicable NZP CSI-RS resources/resource sets need to be introduced depends on the measurement RS type and the detailed measurement behavior. Time offset estimation is either based on correlation between receiving signals at different FD locations, or by measuring the receiving time differences between two resources associated with two TRPs. In current specification, TRS, which belongs to single port CSI-RS, can be used for time/frequency tracking and TDCP measurement and reporting. When TRS resources are configured for TDCP reporting in Rel-18, one or more TRS resource sets can be associated with one reporting configuration, and all TRS resources share the same QCL-Type A/C and if applicable, Type D. With legacy TRS design, a UE may be configured with one or more TRS resource set(s), where each TRS resource set consists of either two NZP CSI-RS resources in one slot or four NZP CSI-RS resources in two consecutive slots. Therefore, UE can be configured with NTRP TRS resource sets, each TRS resource set is associated with a TRP. This option requires some modifications on legacy TRS resource set configuration. Different QCL assumptions for different TRS resource sets shall be supported, the NZP CSI-RS resources in the same TRS resource set can still be QCLed. 
[bookmark: _Ref166248572]Proposal 6: For UE time offset measurement and reporting enhancement for CJT, different QCL assumptions for different TRS resource sets shall be supported, the NZP CSI-RS resources in the same TRS resource set should be QCLed.
Since the band for CJT TRPs are same, all the resources across the NTRP TRS resource sets are configured with the same bandwidth can match the PDSCH transmission and measured time offset better. Besides, it can help UE to measure time offset by measuring the receiving time differences between two resources associated with two TRPs. Therefore, all the resources across the NTRP TRS resource sets should be configured with the same bandwidth.
[bookmark: _Ref166248581]Proposal 7: For UE time offset measurement and reporting enhancement for CJT, all the resources across the NTRP TRS resource sets should be configured with the same bandwidth.
When TRS is used as reference signal for time offset measurement, there are additional constraints when aperiodic TRS is applied as measurement resource. In current specification, supporting aperiodic TRS is UE capability. In addition, aperiodic TRS is always QCLed with a periodic TRS with  QCL-Type A and if applicable, Type D. To confirm the universality of time offset measurement and simplify the RS configuration, aperiodic TRS resource set should not be used for time offset measurement.
[bookmark: _Ref166248613]Proposal 8: For UE time offset measurement and reporting enhancement for CJT, aperiodic TRS resource set should not be used for time offset measurement.
If the same RE locations are configured for the TRSs, UE can measure time offsets for different TRPs in the different time. It may require longer time period to get the time offset measurements. If different RE locations (FDM) are supported for the RSs, UE can measure time offsets in a shorter time period. However, whether support FDM for the TRSs is depending on UE capacity according to RRC parameter maxSimultaneousResourceSetsPerCC in [5]. If the different RE locations (FDM) is supported for the RSs, UE can measure time offsets more efficiently than the non-FDM method. The different RE locations (FDM) can be supported for the RSs while NW configures RSs depending on the UE capacity.
[bookmark: _Ref166248618]Proposal 9: For UE time offset measurement and reporting enhancement for CJT, different RE locations (FDM) can be supported for the TRS resources in different TRS resources sets depending on the UE capability.
As for the exact number of CSI-RS resource(s) within each TRS resource set, it can be 2 or 4 with legacy TRS design. The legacy TRS design can support the candidate values for AD discussed in Section 2.2.2.
[bookmark: _Ref166248623]Proposal 10: For UE time offset measurement and reporting enhancement for CJT, the number of CSI-RS resource(s) within each TRS resource set can be 2 or 4.
[bookmark: _Ref166000375]Time offset quantization and reporting 
In RAN1#116bis meeting, the following agreement was made on time offset quantization and 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


According to clause 4.1 in [4], the size of various fields in the time domain is expressed in time units  where  Hz and . The constant  where  , Hz and . Besides, according to clause 5.3.1 in [4],

and
-	 is SCS given by clause 4.2 in [4];
-	 is the SCS configuration; 
-     is the OFDM symbol index.
For normal CP, , the sample number of cyclic prefix length is .
For  , supposing Hz, the sample number of corresponding AD is 

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, can be transformed to { ,,,,,, , }. Then, the above candidate values can be down-selection by redundant values that result in similar range, e.g. CP and . The inside/outside range for the 1-bit indicator dn is equal to [0, CP], which can solve the potential inter-symbol interference by TRP selection. Besides, the delay range that UE can measure depends on the CSI-RS configuration. The maximum and minimum delay offsets that UE can measure depend on the frequency separation between two consecutive REs carrying the RS and the RS frequency bandwidth. Therefore, regarding the values, {, , } are preferred. 
[bookmark: _Ref166248629]Proposal 11: For UE time offset measurement and reporting enhancement for CJT, {, , } are supported for the candidate values for AD.
One bit indicator reporting 
It should be noticed that if the 1-bit indicator is used for TRP selection to exclude TRP(s) with delay offset(s) larger than CP (or other thresholds), there is some redundancy in the reporting design. In the time offset quantization design, there also exists a codepoint corresponding to “invalid value” or “out-of-range”. Therefore, to provide TRP with more information, the following rule can be adopted: If the 1-bit indicator indicates the measured delay offset is inside a pre-defined range (e.g., ), the delay offset is normally quantized between [0, AD]. If the 1-bit indicator indicates the measured delay offset is outside the pre-defined range and the estimated delay offset is larger than the pre-defined range, the value of estimated delay offset minus the pre-defined range is quantized according to current quantization design. In this way, the exact time offset between [, ] can be reported as well. If a codepoint corresponding to “invalid value” or “out-of-range” is reported, it reveals that the time offset is larger than .
[bookmark: _Ref163076145]Proposal 12: For UE time offset measurement and reporting enhancement for CJT, 1-bit indicator and delay offset quantization can be jointly used to indicate time offset values with a larger range.
Another way to better utilize the 1-bit indicator is to exploit this bit for quantization range indication. For example, the pre-defined range/interval for dn is 0.5CP. If the measured delay offset is inside the interval [0, 0.5CP], dn is reported as 1. If the measured delay offset is larger than 0.5CP, dn is reported as 0. The quantization scheme in current quantization design is jointly designed with this 1-bit indicator. When dn=1, AD=0.5CP, the delay offset are quantized between [0, 0.5CP]. When dn=0, the delay offset are quantized between [0.5CP, 1CP]. If the delay offset is larger than CP, “invalid value” or “out-of-range” codepoint is used. In conclusion, 1-bit indicator and current quantization can be jointly used to indicate different quantization range and achieve better quantization accuracy.
[bookmark: _Ref163076151]Proposal 13: For UE time offset measurement and reporting enhancement for CJT, 1-bit indicator and delay offset quantization can be jointly used to indicate different quantization range and achieve better quantization accuracy.
· Quantization range is determined by 1-bit indicator.
PMI calculation
In RAN1#116 and 116bis meeting, time offset quantization and reporting is supported to solve the time misalignment among TRPs. The time misalignment among TRPs leads to frequency-selective phase rotation over the channel. The channels of different RBs in the same subband may be uncorrelated.  
One possible solution is to pre-compensate both CSI-RS for CSI and PDSCH/DMRS with the reported time offsets for the CJT. Pre-compensation or special handling of PMI calculation at UE side is not needed in this solution. However, it requires UE-specific CSI-RS for CSI reporting, which would cause unacceptable CSI-RS resource overhead. 
[bookmark: _Ref166248174]Observation 9: For UE time offset measurement and reporting enhancement for CJT, UE-specific CSI-RS for CSI reporting will cause unacceptable CSI-RS resource overhead.
To avoid the overhead caused by UE-specific CSI-RS, non-precoded CSI-RS for CSI reporting should be considered. The PMI calculated by the channels without any special handling will not match all the channels in the same subband. Then, the pre-compensation only based on PMI at NW can not defeat the performance loss caused by time misalignment, especially for the time misalignment close to CP, if TRP-specific CSI-RSs for CSI are used. The following scheme could be considered:
CSI-RS for CSI reporting are transmitted from multiple TRPs without pre-compensation, PDSCH/DMRS are transmitted from multiple TRPs with UE-specific pre-compensation.


[bookmark: _Ref165387203]Figure 6 Procedure of TO Compensation scheme
The procedure of TO Compensation scheme is provided in Figure 6, with:
The measured and quantified time offsets are sent to the gNB with stand-alone aperiodic reporting on PUSCH. CSI-RS resources for CSI reporting are transmitted from each TRP without pre-compensation. The subsequent PDSCHs/DMRSs are transmitted with pre-compensation. How to utilize the stand-alone aperiodic reporting for pre-compensation for periodic CJT CSI reporting and associated PDSCH/DMRS transmission should be studied. One method is that UE calculates PMI with pre-compensation at UE side, or some special handling of PMI calculation at UE side is implemented for the same understanding in both NW and UE side.
[bookmark: _Ref166248703]Proposal 14: For UE time offset measurement and reporting enhancement for CJT, to match PMI and PDSCH transmission for the same understanding in both NW and UE side, following options can be used:
· UE calculates PMI with pre-compensation at UE side.
· Some special handling of PMI calculation at UE side like calculating PMI by the fixed RB per subband.
2.3. Frequency offset measurement and reporting
Measurement RS
In RAN1#116bis meeting, the agreement was made on measurement RS for frequency offset based measurement in Section 2.2.1.
When TRS is used as reference signal, UE can be configured with NTRP TRS resource sets, each TRS resource set includes 2 or 4 NZP CSI-RS resource associated with a TRP. Different from CSI-RS as reference signal, legacy TRS resource set can include 4 resources in two consecutive slots. With TD locations spanning two slots, more accurate frequency offset estimator with smaller estimation range can be derived.  Similar to the analysis for TRS based time offset measurement, different QCL assumptions for different TRS resource sets shall be supported, the NZP CSI-RS resources in the same TRS resource set can still be QCLed. 
[bookmark: _Ref166248737]Proposal 15: For UE frequency offset measurement and reporting enhancement for CJT, different QCL assumptions for different TRS resource sets shall be supported, the NZP CSI-RS resources in the same TRS resource set should be QCLed.
As is mentioned in Section 2.2.1, some restrictions on TRS are the same. All the resources across the NTRP TRS resource sets should be configured with the same bandwidth. To confirm the universality of time offset measurement and simplify the RS configuration, aperiodic TRS resource set should not be used for time offset measurement. The legacy TRS design can support the candidate values for AD discussed in Section 2.3.2.
[bookmark: _Ref166248756]Proposal 16: For UE frequency offset measurement and reporting enhancement for CJT, all the resources across the NTRP TRS resource sets should be configured with the same bandwidth.
[bookmark: _Ref166248766]Proposal 17: For UE frequency offset measurement and reporting enhancement for CJT, aperiodic TRS resource set should not be used for time offset measurement.
[bookmark: _Ref166248771]Proposal 18: For UE frequency offset measurement and reporting enhancement for CJT, the number of CSI-RS resource(s) within each TRS resource set can be 2 or 4.
To simplify the RS configuration, additional time separation between RSs should not be introduced.  The candidate values for AFO can be replaced by similar values which can be measured in legacy TRS design. The details of discussion can be found in Section 2.3.2.
[bookmark: _Ref166248776]Proposal 19: For UE frequency offset measurement and reporting enhancement for CJT, additional time separation between RSs should not be introduced.
[bookmark: _Ref166000935]Frequency offset quantization and reporting 
In RAN1#116bis meeting, the following agreement was made on frequency offset quantization and reporting:
	Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, for a given CJT calibration report of one [or more] CJT calibration report type, the nref is selected by the UE and reported as a part of the CJT calibration report
· Note: CJT calibration report type refers to the Doffset/d report, FO report, and, TDD PO report
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 
Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, regarding frequency offset reporting,  and  represents an ‘invalid’ state


For the frequency offset measurement and reporting enhancement for CJT, according to the agreement in RAN1#116bis meeting, UE selects and reports the reference resource/resource set. And the inter-TRP frequency offset associated with the n-th CSI-RS resource/resource set relative to the nref can be quantized between 0 and AFO. Regarding the value for AFO, as is agreed in RAN1#116bis meeting, the unit of AFO can be SCS, i.e., absolute frequency offset .  AFO can also be a non-dimensional (with no unit) parameter, if AFO is defined as absolute frequency offset relative to carrier frequency. 
According to TS 38.104 [2], different BS classes have different frequency error minimum requirements. For wide area, medium range, and local area BS, the accuracy is ±0.05, ±0.1, and ±0.1 ppm, therefore AFO can be defined as 0.1, 0.2, and 0.2 ppm, respectively. Since the maximum frequency offset for different BS classes are 0.1 and 0.2 ppm. For the candidate values for AFO, {0.1ppm, 0.2ppm} should be selected.
Besides, the frequency offset range that UE can measure depends on the CSI-RS configuration. The maximum and minimum frequency offsets that UE can measure depend on the time separation between two consecutive REs carrying the RS and the RS time duration. When SCS is 15kHz,   ≈ 3500Hz and  ≈ 27Hz. Considering the center frequency is 2.4GHz, the maximum frequency offset for wide area BS is 240Hz, which is about nine times of  . Notice that if SCS is larger than 15kHz,  will be smaller than ms leading to larger AFO.  cannot support to match different frequency error minimum requirements. Considering the center frequency is 7GHz, the maximum frequency offset for medium range or local area BS is 1400Hz, which is less than half of  . Meanwhile, with legacy TDCP reporting in Rel-18, configurable delay values are . Therefore, , ,  can be measured while some delay values are configured. As for  and , we failed to see the necessity according to our analysis. Regarding the values, {0.1ppm, 0.2ppm, , , } are supported.
[bookmark: _Ref166248782]Proposal 20: For UE frequency offset measurement and reporting enhancement for CJT, {0.1ppm, 0.2ppm, , , } are supported for the candidate values for AFO.

3. Discussion on CSI support for up to 128 CSI-RS ports
3.1. Type I codebook for up to 128 ports
Type-I SP codebook refinement
In RAN1#116bis meeting, the following agreements on Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports were achieved. 
	Agreement
For the Rel-19 Type-I single-panel (SP) codebook refinement for 48, 64, and 128 CSI-RS ports, for RI=1-4, support the following:
· Scheme-A (based on Scheme1 in RAN1#116 agreement): Adding new (N1, N2) values for the Rel-15 Type-I single-panel codebook mode-1 (L=1) where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and for rank-3/4, follow legacy mechanisms for <16 ports
· Scheme-B (based on Scheme2 in RAN1#116 agreement): Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and
· W1 structure: 
· For each layer, reuse legacy Rel-16 eType-II SD basis with L=1 to determine the DFT-based SD basis candidates
· For 1<RI≤4, L=1 SD basis vector is independently selected for different layers
· The SD basis selection indication includes layer-common (q1,q2) and  bits for each layer
· Note: This implies that each of the SD basis vectors is selected from a group of N1N2 orthogonal basis vectors
· W2 structure: Layer-specific inter-polarization co-phasing with the alphabet {+1, +j, -1, -j}
FFS (RAN1#116bis): For Rel-19 Type-I SP, whether to support Mode-C based on Scheme5 in RAN1#116 agreement with L=1 for RI=2-4
FFS (RAN1#116bis): For Rel-19 Type-I SP, whether inter-polarization amplitude for Mode-B can also be supported
FFS: Discuss further if Rel-19 Type-I MP extension based on scheme 4 is needed
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
Agreement
For the Rel-19 Type-I single-panel (SP) codebook refinement for 48, 64, and 128 CSI-RS ports, for RI=1-4, O1=O2 is 4
· FFS: Additional support for O1=O2 is 2 when RI=1-4 (including separate UE capability)



For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports with RI=5-8, several schemes were identified in RAN1#116bis meeting, and other schemes are not precluded. In this subsection, an antenna grouping based codebook is proposed for rank 5-8.
Antenna grouping based solution has already been adopted for Rel-15 Type I single-panel codebook when port number is >=16 for rank3 and 4. And the solution has proved performance gain and lower feedback overhead compared with the method used for <16 ports of rank3/4 and other ranks. Furthermore, with the increasing port number for up to 128 ports, the beam width of each polarization becomes narrower. Therefore the range of the DOA covered by four beams in W1 is reduced, which may degrade the system performance. This antenna grouping based solution divides the antenna array into multiple antenna groups. Due to the antenna grouping, the beam generated by each antenna group has wider beam width than that of the method without antenna grouping. So the beam coverage issue can be solved. Similarly, antenna grouping based solution can also be used for Rel-19 Type-I SP codebook with RI=5-8. The following codebook can be considered:
Scheme-5: Antenna ports in each polarization are divided into two antenna port groups:
· W1 structure: Independent selection of different ceil(v/2) SD basis vectors for RI = v, where each SD basis vector is applied to two antenna port groups of one or two layers.
· W2 structure:
· For inter-polarization co-phasing, M (e.g., M = 4) codepoints for one layer or two layers sharing a same SD basis vector;
· For inter-group co-phasing, T (e.g., T = 4) codepoints for two antenna port groups corresponding to a same layer.
In order to reduce overhead, two antenna port groups corresponding to one layer or two layers can share the same SD basis vector. Besides, wideband inter-group co-phasing can be reported to further reduce overhead. When two layers share the same SD basis vector and  is odd, the last SD basis vector is applied to the orphan layer. In order to improve performance (e.g., another mode), SD basis vectors corresponding to different antenna port groups and different layers can be different. Furthermore, inter-group co-phasing for different layers and different subbands can be determined independently.
[bookmark: _Ref163076729]Proposal 21: For CSI enhancement for 48, 64, and 128 CSI-RS ports, the following antenna grouping based codebook is support for RI 5-8.
· W1 structure: Independent selection of different ceil(v/2) SD basis vectors for RI=v, where each SD basis vector is applied to two antenna port groups of one or two layers.
· W2 structure:
· For inter-polarization co-phasing, M (e.g., M = 4) codepoints for one layer or two layers sharing a same SD basis vector;
· For inter-group co-phasing, T (e.g., T = 4) codepoints for two antenna port groups corresponding to a same layer.
In RAN1#116bis meeting, the UCI parameters for Scheme-A and Scheme-B of the Rel-19 Type-I SP codebook refinement were listed and agreed. The remaining issue includes SD basis vector selection indicator and inter-pol co-phase selection indicator for Scheme-B.
	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’



In Rel-15 Type-I SP codebook and Rel-19 Type-I SP codebook Scheme-A, SD basis vector selection indicators are included in Part 2. Similarly, SD basis vector selection indicator in Scheme-B can also be included in Part 2. Therefore, Alt 2 is preferred, and the signaling overhead depends on the indicated layer v.
According to the agreement in RAN1#116bis meeting, layer-specific inter-polarization co-phasing with the alphabet {+1, +j, -1, -j} is adopted in W2 structure for Scheme-B, which is more aligned with Alt2 (i.e. QPSK: 2-bit indicator per layer l=1,…,v). If Alt1 is adopted, previous agreement on Scheme-B will be reverted.
[bookmark: _Ref166248937]Proposal 22: For CSI enhancement for 48, 64, and 128 CSI-RS ports, Alt2 is supported for both SD basis vector selection indicator and inter-pol co-phase selection indicator for Scheme-B, i.e., 
· SD basis vector selection indicator is included in Part 2, with  bit indicator per layer l=1, …, v.
· Inter-pol co-phase selection indicator: 2-bit indicator is indicated per layer .
Type-I MP codebook refinement
In RAN1#116bis meeting, the following agreement on the Rel-19 Type-I MP codebook refinement was achieved.
	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


Currently, it seems that there is no field deployment for Rel-15 Type I MP. However, with the increase of antenna ports (e.g., 128 ports), multi-panel arrangement becomes necessary to reduce cost. Therefore, Type-I MP codebook refinement in Rel-19 shall be supported.
On the codebook refinement, two schemes were agreed for down-selection. In Scheme 1, SD basis vectors of all panels for a specific layer are the same, which is more fit to the scenario that all the panels are arranged in the same plane. When multiple panels are arranged in different plane, the performance of Scheme 1 will be restricted. On the other hand, even if all the panels are arranged in the same plane, the performance of Scheme 2 can be ensured due to the free selection of SD basis vectors. Therefore, Scheme 2 is preferred. 
Scheme 2 is similar to Rel-15 Type I SP codebook with >=16 ports and RI=3/4, where antenna/resource grouping solution is used in codebook design. In Rel-15 Type I SP codebook with >=16 ports and RI=3/4, inter-group co-phasing is reported in wideband manner. On the same time, subband inter-polarization co-phasing is supported to match the realistic channel information. Similarly, wideband inter-resource co-phasing reporting can be supported in Rel-19 Type-I MP codebook to balance the overhead and performance.
[bookmark: _Ref166248985]Proposal 23: For CSI enhancement for 48, 64, and 128 CSI-RS ports, Scheme 2 is supported.
· In Scheme 2, inter-resource co-phasing is wideband.
3.2. Type II codebook for up to 128 ports 
In RAN1 #116bis meeting, agreement on Rel-19 Type-II codebook refinement for up to 128 CSI-RS ports was reached:
	Agreement
For the Rel-19 Type-II codebook refinement for 48, 64, and 128 CSI-RS ports, on CBSR, refine the legacy CBSR as follows:
· Only 1-bit hard restriction is supported (analogous to Rel-18 Type-II)
· Moving (N1, N2) configuration out from CBSR IE and the CBSR can be optional configured
· Send LS to RAN2, and subject to RAN2 consent. Final LS in R1-2403650.
· Group-based CBSR granularity 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).
Agreement
For the Rel-19 Type-II codebook refinement for 48, 64, and 128 CSI-RS ports based on the Rel-18 Type-II Doppler codebook, support the following aperiodic CMR configuration:
· A UE can be configured with KDOPP = {4, 8, 12} CSI-RS resource groups for the purpose of aperiodic CMR as needed by Type-II Doppler CSI
· The time separation between the first resources from two consecutive groups (=m) can be configured from {1, 2} 
· FFS: The need for additional restriction in time domain
· Each CSI-RS resource group comprises K NZP CSI-RS resources (K defined in previous agreements) for aggregation associated with a same CSI-RS resource set assuming the agreed resource set rules for Rel-19 Type-I/II codebooks
· All the KDOPP CSI-RS resource groups are associated with a same CSI-RS resource set configuration
FFS: the determination of CSI-RS resource group that a CSI-RS resource is associated with
Agreement
For the Rel-19 Type-II codebook refinement for 48, 64, and 128 CSI-RS ports based on Rel-18 Type-II Doppler codebook, 
· On UCI omission rules, fully reuse the legacy Rel-18 Type-II Doppler design
· On the definition and detailed design of UCI parameters, fully reuse the legacy Rel-18 Type-II Doppler design


When 1 bit hard restriction and group based CBSR is used for Rel-19 Type-II codebook refinement, the total overhead includes three parts:
· bits for N2>1 and 0 bits for N2=1, which corresponds to the indication of the 4 RRC configured beam groups. 
· To indicate the subset of  beams in beam group, two possible alternatives can be used:
· Alt. 1: Indicate the starting and number of adjacent SD basis vector along each direction in each of 4 beam groups, i.e.,  bits.
· Alt. 2: Bitmap to indicate the beam subset along each direction in each of 4 beam groups, i.e.,  bits
·  where a is the bit number for amplitude subset restriction for each of the  beams in each beam group subset, a=2 bits for legacy codebook and a=1 bit for Rel-18 type II codebook.  
Since combinations (N1, N2)=(8,3), (6,4), (16,2), (8,4), (16,4), (8,8) have been agreed in RAN1#116, if legacy configuration of 2 bits for amplitude subset restriction, then  is the largest overhead among the three parts. The overhead for the two alternatives of  are close, either one can be supported.
Regarding the possible values of X1 and X2, we think that rather than applying addition constraints on X1 and X2, a total overhead constraint should be imposed. To limit the total overhead for CBSR of Rel-19 Type-II codebook refinement, a total overhead similar to 139 bits, which corresponds to legacy Type-II codebook CBSR for (N1, N2)=(8,2) should be adopted.
[bookmark: _Ref166249005]Proposal 24: Regarding CBSR of Rel-19 Type-II codebook refinement for 48, 64, and 128 CSI-RS ports, the following design should be considered:
· Two alternatives can be used for the indication of adjacent beams in the beam group
· Alt. 1: Indicate the starting and number of adjacent SD basis vector along each direction 
· Alt. 2: Bitmap to indicate the beam subset along each direction
· Total overhead for 1 bit hard restriction and group based CBSR should be less than 200 bits
Regarding the configuration of the aggregated NZP CSI-RS resources when AP-CSI-RS resources are configured as CMR for Rel-18 Type II Doppler codebooks, additional restriction(s) should be introduced. For Rei-19 Type II codebook extension on Rel-18 Type II Doppler codebooks,  aperiodic CSI-RS resource groups in one resource set are expected to be configured for channel measurement. For an aperiodic CSI-RS resource set for channel measurement, the  CSI-RS resource groups are triggered by the same triggering instance and the separation between the first resources from two consecutive CSI-RS resource group is  slots, which is configured by higher layer parameter in the NZP-CSI-RS-ResourceSet. When up to 128 ports are aggregated by K CSI-RS resources, the K CSI-RS resources should be located within one slot to minimize the latency of CSI reporting.
Since we propose the K CSI-RS resources in a resource group are located within one slot, further knowing that the time separation between the first resources from two consecutive groups (=m) can be configured from {1, 2} slot(s), therefore all the CSI-RS resources in one slot can only belong to one resource group. The K CSI-RS resources located in the same slots are associated with the same resource group.
[bookmark: _Ref163076822][bookmark: _Ref166249037]Proposal 25: For CSI enhancement for up to 128 CSI-RS ports, when AP-CSI-RS resources are configured as CMR for Rel-18 Type II Doppler codebooks, the aggregated K NZP CSI-RS resources should be located within one slot. The K CSI-RS resources located in the same slot are associated with the same resource group.
3.3. CRI-based CSI refinement for up to 128 ports
During RAN1#116bis meeting, the following agreements on the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports were reached. A UE can be configured to measure KS>1 NZP CSI-RS resources with equal number of ports, with up to 32 ports per NZP CSI-RS resource. The information of M “quadruplets” {(CRIn, RIn, PMIn, CQIn), n=0, …, M–1} shall be contained in one CSI reporting instance.
	Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, the following report quantities are supported:
· ‘cri-RI-PMI-CQI ‘
· ‘cri-RI-LI-PMI-CQI’ (only for Type-I)
· FFS: ‘cri-RI-i1-CQI’ (only for Type-I)
· FFS: ‘cri-RI-i1’ (only for Type-I)
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 MR (<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)


For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, one CSI report contains M CRIs and corresponding RI/PMI/CQI. Regarding the M, the following two alternatives can be considered:
· Alt1: gNB configures the number of CRI (i.e., M) to be reported, and then UE reports M CRIs selected from all CSI-RS resources.
· Alt2: gNB configures the maximum value of the number of CRI that can be reported (i.e., X), and then UE reports M <= X CRIs selected from all CSI-RS resources.
Comparing Alt1 and Alt2, Alt1 has fixed size for CRIs indication according to the configured M which could ease the design of CSI report. In addition, the NW can make better decision in multi-user scheduling with multi-CRI reporting by UE, therefore we prefer Alt1. 
[bookmark: _Ref163076877][bookmark: _Ref159272079]Proposal 26: For CRI-based CSI enhancement for up to 128 CSI-RS ports, support the following scheme for the value of M:
· gNB configures the number of CRI (i.e., M) to be reported, and then UE reports M CRIs selected from all CSI-RS resources.
For one CSI report containing the information of M “quadruplets” {(CRIn, RIn, PMIn, CQIn), n=0, …, M–1}, the feedback overhead shall be M times compared with one CRI reporting when each “quadruplets” is reported independent. It is necessary to reduce the overlarge overhead. Fortunately, the measured channels corresponding to the multiple analog beams are highly correlated in spatial domain. So SD basis selection shall be similar or same. Therefore, the SD basis indication corresponding to the reference beam can be reported using legacy mechanism, and the other SD basis indication(s) adopt(s) differential reporting. For RI reporting of multiple CRIs, one RI across multiple beams would be enough. For CQI reporting of multiple CRIs, differential quantization of wideband CQI across multiple beams can be considered.
[bookmark: _Ref163076972]Proposal 27: For CRI-based CSI enhancement for up to 128 CSI-RS ports, support the following CSI reporting to reduce the feedback overhead:
· Differential reporting of SD basis indication and wideband CQI across multiple beams;
· Common RI reporting across multiple beams; 
3.4. CPU occupation
In RAN1#116bis meeting, the following agreement on timeline of Rel-19 Type-I SP and Type-II codebook refinement was achieved. Two UE capabilities were introduce regarding timeline, and CPU occupation and active resource counting are for further study.
	Agreement
For the Rel-19 Type-I SP and Type-II codebook refinements for 48, 64, and 128 CSI-RS ports via aggregating K>1 CSI-RS resources, regarding timeline, introduce two UE capabilities:
· Capability 1: Reuse legacy Z/Z’ values
· Capability 2: Scale the legacy timeline Z/Z’ by ceil(P/32) where P is the total number of ports across all the K aggregated CSI-RS resources
FFS: CPU occupation and active resource counting
Note: 
· The legacy timeline Z/Z’ for Type-I corresponds to Z1/Z1’ in Table 5.4-2 of TS38.214 for Type-I WB SP-CSI with at most 4 CSI-RS ports in a single resource without CRI, and Z2/Z2’ for other Type-I cases
· The legacy timeline Z/Z’ for Type-II corresponds to Z2/Z2’


In Rel-15 Type-I and Type-II codebook, the number of occupied CPUs () is the number of CSI-RS resources in the CSI-RS resource set for channel measurement (i.e., ). If legacy timeline is reused (Capability 1),  shall be increased. For example, the mechanism similar to Rel-18 CJT codebook can be used., where  is reported by UE capability indication. With Capability 2, timeline is extended. Therefore, the number of occupied CPUs can be counted as usual (i.e., ).
[bookmark: _Ref166249097]Proposal 28: For CSI enhancement for 48, 64, and 128 CSI-RS ports, the number of occupied CPUs is counted as follows:
· For timeline Capability 1, the mechanism similar to Rel-18 CJT codebook is used;
· For timeline Capability 2, the legacy mechanism is reused (i.e., the number of CSI-RS resources in the CSI-RS resource set for channel measurement).
4. Conclusions
In this contribution, we provided our views on possible UE reporting enhancement for CJT deployments targeting non-ideal UL-DL reciprocity phase offset, time misalignment and frequency offset. We also provided simulation results for subband phase offset measurement and reporting based inter-TRP UL-DL reciprocity calibration. In addition, we provided our views on CSI support for up to 128 CSI-RS ports considering type I  codebook refinement, type II codebook refinement and multi-CRIs-based CSI reporting. Finally, we made the following observations and proposals:
Observation 1: With inter-TRP TX-RX time misalignment, the wideband only calibration (i.e., UE reports only wideband DL phase offsets for calibration) cannot well compensate the DL/UL reciprocity error.
Observation 2: With inter-TRP TX-RX time misalignment, subband calibration outperforms the performance of wideband only calibration.
Observation 3: When non-precoded CSI-RSs are used in the calibration, the measured phase offsets on multiple subbands cannot be compressed into one phase offset and one phase slope.
Observation 4: When non-precoded CSI-RSs are used in the calibration, calibration coefficients on the entire bandwidth can be derived from the estimated calibration coefficients of partial subbands.
Observation 5: The proposed low feedback overhead calibration scheme (i.e., UE reports phase offsets of selected partial subbands for calibration) achieves similar performance of subband calibration scheme (i.e., UE reports phase offsets of all subbands for calibration) while maintaining a moderate overhead cost.
Observation 6: In multiple antennas based joint calibration, if different antennas, rules or methods are adopted for DL phase offset calculation and UL phase offset calculation, calibration coefficients cannot be derived correctly.
Observation 7: Calibration performance is degraded with misaligned frequency resources in DL and UL phase offset calculation.
Observation 8: In multiple time/frequency samples based joint calibration, if different resources or rules are adopted for DL phase offset calculation and UL phase offset calculation, calibration coefficients cannot be derived correctly.
Observation 9: For UE time offset measurement and reporting enhancement for CJT, UE-specific CSI-RS for CSI reporting will cause unacceptable CSI-RS resource overhead.

Proposal 1:  For the Rel-19 aperiodic standalone CJT calibration reporting, subband DL phase offset reporting (>1 ) is supported.
Proposal 2: For the Rel-19 aperiodic standalone CJT calibration reporting, the following configurations on CSI-RS resources for phase offset reporting are supported.
· Multi-port CSI-RS can also be used.
· All the CSI-RS resources are configured in one resource set.
· The exact number of CSI-RS resources in one resource set is NTRP.
· Different RE locations (FDM) are supported for the CSI-RS resources.
· Additional restrictions on time separation between RSs and bandwidth are not needed.
Proposal 3: For the Rel-19 aperiodic standalone CJT calibration reporting, to alleviate non-ideal UL-DL reciprocity error among TRPs, DL phase offset calculation, UL phase offset calculation method and measurement antennas/ resources shall be aligned.
Proposal 4: For the Rel-19 aperiodic standalone CJT calibration reporting, the association between CSI-RS resources and SRS resource in phase offset measurement and reporting is established.
· The UE shall use the same antenna port for transmitting the associated SRS resource and receiving the CSI-RS resources.
· The UE shall transmit the associated SRS resource with the same spatial domain transmission filter used for the reception of the CSI-RS resources.
Proposal 5: For the Rel-19 aperiodic standalone CJT calibration reporting, regarding the invalid quantization state/hypothesis for frequency and phase offset CJT calibration reporting:
· Support predefined or NW configured constraints and/or condition/event to facilitate the decision of invalid quantization state/hypothesis
· The constraints and/or condition/event can be RSRP/RSRQ/SINR-based
Proposal 6: For UE time offset measurement and reporting enhancement for CJT, different QCL assumptions for different TRS resource sets shall be supported, the NZP CSI-RS resources in the same TRS resource set should be QCLed.
Proposal 7: For UE time offset measurement and reporting enhancement for CJT, all the resources across the NTRP TRS resource sets should be configured with the same bandwidth.
Proposal 8: For UE time offset measurement and reporting enhancement for CJT, aperiodic TRS resource set should not be used for time offset measurement.
Proposal 9: For UE time offset measurement and reporting enhancement for CJT, different RE locations (FDM) can be supported for the TRS resources in different TRS resources sets depending on the UE capability.
Proposal 10: For UE time offset measurement and reporting enhancement for CJT, the number of CSI-RS resource(s) within each TRS resource set can be 2 or 4.
Proposal 11: For UE time offset measurement and reporting enhancement for CJT, {,  , } are supported for the candidate values for AD.
Proposal 12: For UE time offset measurement and reporting enhancement for CJT, 1-bit indicator and delay offset quantization can be jointly used to indicate time offset values with a larger range.
Proposal 13: For UE time offset measurement and reporting enhancement for CJT, 1-bit indicator and delay offset quantization can be jointly used to indicate different quantization range and achieve better quantization accuracy.
· Quantization range is determined by 1-bit indicator.
Proposal 14: For UE time offset measurement and reporting enhancement for CJT, to match PMI and PDSCH transmission for the same understanding in both NW and UE side, following options can be used:
· UE calculates PMI with pre-compensation at UE side.
· Some special handling of PMI calculation at UE side like calculating PMI by the fixed RB per subband.
Proposal 15: For UE frequency offset measurement and reporting enhancement for CJT, different QCL assumptions for different TRS resource sets shall be supported, the NZP CSI-RS resources in the same TRS resource set should be QCLed.
Proposal 16: For UE frequency offset measurement and reporting enhancement for CJT, all the resources across the NTRP TRS resource sets should be configured with the same bandwidth.
Proposal 17: For UE frequency offset measurement and reporting enhancement for CJT, aperiodic TRS resource set should not be used for time offset measurement.
Proposal 18: For UE frequency offset measurement and reporting enhancement for CJT, the number of CSI-RS resource(s) within each TRS resource set can be 2 or 4.
Proposal 19: For UE frequency offset measurement and reporting enhancement for CJT, additional time separation between RSs should not be introduced.
Proposal 20: For UE frequency offset measurement and reporting enhancement for CJT, {0.1ppm, 0.2ppm, , , } are supported for the candidate values for AFO.
Proposal 21: For CSI enhancement for 48, 64, and 128 CSI-RS ports, the following antenna grouping based codebook is support for RI 5-8.
· W1 structure: Independent selection of different ceil(v/2) SD basis vectors for RI=v, where each SD basis vector is applied to two antenna port groups of one or two layers.
· W2 structure:
· For inter-polarization co-phasing, M (e.g., M = 4) codepoints for one layer or two layers sharing a same SD basis vector;
· For inter-group co-phasing, T (e.g., T = 4) codepoints for two antenna port groups corresponding to a same layer.
Proposal 22: For CSI enhancement for 48, 64, and 128 CSI-RS ports, Alt2 is supported for both SD basis vector selection indicator and inter-pol co-phase selection indicator for Scheme-B, i.e.,
· SD basis vector selection indicator is included in Part 2, with  bit indicator per layer l=1, …, v.
· Inter-pol co-phase selection indicator: 2-bit indicator is indicated per layer .
Proposal 23: For CSI enhancement for 48, 64, and 128 CSI-RS ports, Scheme 2 is supported.
· In Scheme 2, inter-resource co-phasing is wideband.
Proposal 24: Regarding CBSR of Rel-19 Type-II codebook refinement for 48, 64, and 128 CSI-RS ports, the following design should be considered:
· Two alternatives can be used for the indication of adjacent beams in the beam group
· Alt. 1: Indicate the starting and number of adjacent SD basis vector along each direction 
· Alt. 2: Bitmap to indicate the beam subset along each direction
· Total overhead for 1 bit hard restriction and group based CBSR should be less than 200 bits
Proposal 25: For CSI enhancement for up to 128 CSI-RS ports, when AP-CSI-RS resources are configured as CMR for Rel-18 Type II Doppler codebooks, the aggregated K NZP CSI-RS resources should be located within one slot. The K CSI-RS resources located in the same slot are associated with the same resource group.
Proposal 26: For CRI-based CSI enhancement for up to 128 CSI-RS ports, support the following scheme for the value of M:
· gNB configures the number of CRI (i.e., M) to be reported, and then UE reports M CRIs selected from all CSI-RS resources.
Proposal 27: For CRI-based CSI enhancement for up to 128 CSI-RS ports, support the following CSI reporting to reduce the feedback overhead:
· Differential reporting of SD basis indication and wideband CQI across multiple beams;
· Common RI reporting across multiple beams; 
Proposal 28: For CSI enhancement for 48, 64, and 128 CSI-RS ports, the number of occupied CPUs is counted as follows:
· For timeline Capability 1, the mechanism similar to Rel-18 CJT codebook is used;
· For timeline Capability 2, the legacy mechanism is reused (i.e., the number of CSI-RS resources in the CSI-RS resource set for channel measurement).

5. References
[1] [bookmark: _Ref159234745]RP-234007, New WID: NR MIMO Phase 5, Samsung (Moderator), RAN#102, December 11th – 15th, 2023.
[2] [bookmark: _Ref100845500][bookmark: _Ref162800639]TS 38.104, Base Station (BS) radio transmission and reception (Release 18), v18.4.0.
[3] [bookmark: _Ref162949054]Chairman’s Notes, 3GPP RAN1 #116, Athens, Greece, February 26th – March 1st, 2024.
[4] [bookmark: _Ref162895973]TS 38.211, Physical channel and modulation (Release 18), v18.2.0.
[5] [bookmark: _Ref166058443]TS 38.331, Radio Resource Control (RRC) protocol specification (Release 18), v18.1.0.
Appendix
Table A SLS evaluation assumption for UE reporting enhancement for CJT
	Parameter
	Value

	Scenario
	Typical 57-sector, 1 TRP per sector, 3 sectors per site

	Carrier Frequency
	2GHz

	Channel Model
	According to the TR 38.901
3D UMi  ISD=200m

	Antenna setup and port layouts at TRP
	- 16 ports: (M, N, P, Mg, Ng, Mp, Np) =(8,4,2,1,1,2,4)
 (dH, dV) = (0.5, 0.8)

	Antenna setup and port layouts at UE
	- 4ports: (M, N, P, Mg, Ng, Mp, Np) =(1,2,2,1,1,1,2)
(dH, dV) = (0.5, 0.5)

	Modulation
	Up to 256QAM 

	gNB Tx power
	44 dBm

	gNB antenna height
	25 m

	UE receiver noise figure
	9dB

	Numerology
	14 OFDM symbol per slot, 30kHz SCS

	Bandwidth
	20MHz, 52RBs

	UE receiver
	MMSE-IRC

	PMI/CQI feedback
	8RB

	UE distribution
	80% indoor (3km/h),20% outdoor (30km/h)

	Traffic model
	Fullbuffer

	MIMO scheme
	MU-MIMO with maximum rank = 20

	per-TRP DL/UL phase misalignment
	uniform random variable with [-,]

	per-TRP DL/UL timing misalignment
	uniform random variable with [0,130]ns between two TRPs



Mean UPT	Ideal calibration	Non calibration	Wideband, 4-bit	SB reporting, 8PRB, 4-bit	SB reporting, 16PRB, 4-bit	1	0.93346350442125692	0.93758627980150988	0.99615083263894943	0.9816744810775182	
Mean UPT	Ideal calibration	Σ =NSB_P	Σ = 4	Σ = 2	wideband	non calculation	1	0.99615083263894943	0.98599935329013644	0.97336674667628453	0.93571144303356679	0.93184983894437057	
Mean UPT	No reciprocity error	With wideband reciprocity error 	Misaligned 4 subbands	Aligned 4 subbands	All subbands	1	0.88870000000000005	0.93799999999999994	0.99729999999999996	0.99580000000000002	Cell Edge UPT	No reciprocity error	With wideband reciprocity error 	Misaligned 4 subbands	Aligned 4 subbands	All subbands	1	0.77239999999999998	0.89190000000000003	0.98370000000000002	0.98609999999999998	
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