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

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



In this contribution, we discuss issues that should be considered in this work regarding CSI support for up to 128 CSI-RS ports and UE reporting enhancement for CJT deployments under non-ideal synchronization and backhaul. 
Discussion
[bookmark: _Ref893707]CSI support for up to 128 CSI-RS ports 
CSI-RS mapping for up to 128 CSI-RS ports
At the RAN1 #116 meeting, the following agreement on the CSI-RS resource index/port index per resource mapping methods have been reached:
	Agreement
For the Rel-19 Type-I and Type-II codebook refinement for up to 128 CSI-RS ports, regarding NZP CSI-RS resource aggregation to attain 32 < P (or PCSI-RS) ≤ 128, support aggregating at least K=2, 3, or 4 legacy NZP CSI-RS resources with equal number of ports
· FFS (by RAN1#116bis): Mapping from CSI-RS resource index/port index per resource and port index to CSI/PMI calculation, also considering co-existence with pre-Rel-19 UEs 
· FFS (by RAN1#116bis): whether the Rel-18 CJT CMR restrictions (where all resources shall be located within 2 consecutive slots) are reused, or additional restriction(s) are introduced (e.g. PCoffset, CDM type, RS density, TD (co-located in a slot)/FD locations, QCL, …)
· FFS (by RAN1#116bis): Whether legacy resource configuration for interference measurement is reused, or additional restriction(s) are introduced
· FFS: Whether all the K CSI-RS resources are associated with a same CSI-RS resource set or not
· Note: If the supported number of ports does not require aggregation of 3 resources, K=3 can be removed



In the offline discussion prior to RAN1#116bis, three mapping methods for Rel-19 Type-I SP/Type-II codebooks have been proposed.

	· Mapping method 1: Sequential ordering/indexing within (1st resource, 1st polarization), then (2nd resource, 1st polarization), …, then (Kth resource, 1st polarization), then (1st resource, 2nd polarization), then (2nd resource, 2nd polarization), …, then (Kth resource, 2nd polarization)  
· Mapping method 2: Sequential ordering/indexing within (where K*n2 = N2):
· for the 1st polarization, (1st n2 ports in 1st resource, 1st polarization), (1st n2 ports in 2nd resource, 1st polarization), …, (1st n2 ports in Kth resource, 1st polarization), then (2nd n2 ports in 1st resource, 1st polarization), (2nd n2 ports in 2nd resource, 1st polarization), …, (2nd n2 ports in Kth resource, 1st polarization), … then (N1th n2 ports in 1st resource, 1st polarization), (N1th n2 ports in 2nd resource, 1st polarization), …, (N1th n2 ports in Kth resource, 1st polarization) , 
· and then for the 2nd polarization, (1st n2 ports in 1st resource, 2nd polarization), (1st n2 ports in 2nd resource, 2nd polarization), …, (1st n2 ports in Kth resource, 2nd polarization), then (2nd n2 ports in 1st resource, 2nd polarization), (2nd n2 ports in 2nd resource, 2nd polarization), …, (2nd n2 ports in Kth resource, 2nd polarization), … then (N1th n2 ports in 1st resource, 2nd polarization), (N1th n2 ports in 2nd resource, 2nd polarization), …, (N1th n2 ports in Kth resource, 2nd polarization)
FFS: Exact port indexing within each CSI-RS resource or across K CSI-RS resources
FFS: Whether the following is also supported: 
· Mapping method 3 (for K=4): Sequential ordering/indexing within (where N1=2*n1, N2 = 2*n2):
· for the 1st polarization, (1st n2 ports in 1st resource, 1st polarization), (1st n2 ports in 2nd resource, 1st polarization), then (2nd n2 ports in 1st resource, 1st polarization), (2nd n2 ports in 2nd resource, 1st polarization), …, then (n1th n2 ports in 1st resource, 1st polarization), (n1th n2 ports in 2nd resource, 1st polarization),
· for the 1st polarization, (1st n2 ports in 3rd resource, 1st polarization), (1st n2 ports in 4th resource, 1st polarization), then (2nd n2 ports in 3rd resource, 1st polarization), (2nd n2 ports in 4th resource, 1st polarization), then (n1th n2 ports in 3rd resource, 1st polarization), (n1th n2 ports in 4th resource, 1st polarization),
· and then for the 2nd polarization, (1st n2 ports in 1st resource, 2nd polarization), (1st n2 ports in 2nd resource, 2nd polarization), then (2nd n2 ports in 1st resource, 2nd polarization), (2nd n2 ports in 2nd resource, 2nd polarization), … then (n1th n2 ports in 1st resource, 2nd polarization), (n1th n2 ports in 2nd resource, 2nd polarization),
· and then for the 2nd polarization, (1st n2 ports in 3rd resource, 2nd polarization), (1st n2 ports in 4th resource, 2nd polarization), then (2nd n2 ports in 3rd resource, 2nd polarization), (2nd n2 ports in 4th resource, 2nd polarization), then (n1th n2 ports in 3rd resource, 2nd polarization), (n1th n2 ports in 4th resource, 2nd polarization), 



The main purpose of an additional port mapping definition for Rel-19 Type-I SP/Type-II codebooks is to treat the aggregated CSI-RS resources as single virtual CSI-RS resource, for supporting > 32 port CSI-RS. In addition, as discussed in the offline discussion prior to RAN1#116bis, the secondary purpose is to facilitate co-existence between pre-Rel-19 and Rel-19 UEs, hence, defining a mapping based on extension of the legacy mapping method. Some companies mentioned importance of balanced allocation of antenna ports to legacy UEs, since only a portion of the antenna array will be used for legacy UEs by method 1 and 2. Hence the several variations have been proposed, including method 3 and e.g., beamformed type CSI-RS and interleaved type indexing.

We agree with the above concerns, and we recognize it is important that CSI-RS ports are mapped to physical antenna elements in a balanced manner. We are open to further discussion on CSI-RS resource index/port.
Proposal 1: Clarify the impact of CSI-RS mapping methods for Rel-19 Type-I and Type-II codebooks on pre-Rel 19 UEs. 
UE reporting enhancement for CJT deployments
Selection method of CSI-RS resources/resource sets for CJT calibration reporting
Regarding the selection method for CSI-RS resources/resource sets for CJT calibration reporting, three options have been presented at the RAN1 #116 meeting as follows. It is planned to decide which option will be chosen in this meeting.
	Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, support the following:
· The UE is configured with NTRP NZP CSI-RS resources/resource sets via higher-layer (RRC) signalling where NTRP{1, 2, 3, 4} 
· FFS (by RAN1#116bis): Whether further restriction(s) on applicable NZP CSI-RS resources/resource sets need to be introduced (e.g. number of ports, only TRS with multiple resource sets, TD/FD locations, QCL assumptions)
· For the purpose of CJT calibration reporting, decide, by RAN1#116bis, from the following
· Opt1: The UE reports for all the configured NTRP NZP CSI-RS resources/resource sets
· Opt2: The UE reports for N out of NTRP NZP CSI-RS resources/resource sets where the selection of N resources/resource sets is dynamically signalled by the NW to the UE 
· Opt3: The UE reports for N out of NTRP NZP CSI-RS resources/resource sets where the selection of N resources/resource sets is performed by the UE and included in the CSI report 
· Interference measurement is not supported, hence neither CSI-IM nor NZP CSI-RS resource for interference measurement can be configured (analogous to Rel-18 TDCP)
· FFS: One-part or two-part UCI on PUSCH (analogous to Rel-18 TDCP)
· The priority of the CSI report(s) is the same as CSI report(s) not carrying L1-RSRP or L1-SINR (analogous to Rel-18 TDCP)



Among these, Opt2 and Opt3 were proposed with the goal of reducing the overhead for CJT calibration reporting compared to Opt1. The idea of them is for the UE to limit its reporting to only significant uplink control information (UCI) measured for CJT calibration reporting, by refraining from reporting UCI that is not particularly meaningful. Among them, particularly Opt2 involves the network side dynamically selecting CSI-RS resources/resource sets that are considered likely to yield significant UCI and instructing the UE to report only the UCI observed from those narrowed down CSI-RS resources/resource sets. However, in practice, it is challenging for the network side to pre-determine which CSI-RS resources/resource sets will or will not provide meaningful UCI from the viewpoints of CJT calibration. For example, whether the frequency offset (FO) between TRPs associated with each of the CSI-RS resources/resource sets is small or large cannot be known in advance without observing it.

On the other hand, Opt3 involves the UE dynamically selecting CSI-RS resources/resource sets that have yielded significant UCI and reporting them to the network side. This could potentially reduce the amount of UCI being reported. However, CJT calibration reporting is assumed to be aperiodic reporting, and the gNB expects to schedule this aperiodic reporting assuming the UCI is sent with the maximum amount of information. Therefore, in terms of the radio resources consumed by the PUSCH carrying the aperiodic reporting, there is no reduction.

From the above, Opt2 and Opt3 do not offer significant advantages over Opt1. Meanwhile, Opt1 is clearly a simpler method from the perspective of gNB and UE implementation. Therefore, Opt1 should be adopted.

[bookmark: _Ref163209983]Proposal 2: UE reports for all the configured NTRP NZP CSI-RS resources/resource sets for the purpose of CJT calibration reporting.

Additionally, on the UE side, it is possible to some extent to guess whether observed results are not significant UCI. For example, if the measured RSRP of the CSI-RS is extremely low, there is a possibility that the measured delay offset and FO contain many errors. Therefore, reporting such potentially problematic reports as invalid could also be beneficial.

[bookmark: _Ref163209999]Proposal 3: it is beneficial to support an ‘invalid’ quantization state/hypothesis to avoid gNB calibrating with poor quality of measurements.

Selection of reference CSI-RS resource/resource set
Regarding the selection of reference CSI-RS resources/resource sets for CJT calibration reporting, whether the reference CSI-RS resource/resource set nref is fixed, NW-configured, or is included in the report (selected by the UE) will be discussed in this meeting.
	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, {(Dn,offset, dn), n=0, 1, …, N – 1} where
· Dn,offset is a B-bit indicator representing the delay offset associated with the n-th CSI-RS resource/resource set
· [bookmark: _Hlk163207273]For the reference CSI-RS resource/resource set nref, the value of Dnref,offset is assumed 0 and not reported
· [bookmark: _Hlk163207208]FFS (by RAN1#116bis): Whether nref is fixed, NW-configured, or is included in the report (selected by the UE)
(Omitting)

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, {FOn , n=0, 1, …, N – 1, n≠nref}, where FOn denotes the measured frequency offset associated with the n-th CSI-RS resource/resource set relative to the reference CSI-RS resource/resource set nref
· For the reference CSI-RS resource/resource set nref, the value of FOnref is assumed 0 and not reported
· FFS (by RAN1#116bis): Whether nref is fixed, NW-configured, or is included in the report (selected by the UE)
(Omitting)

Agreement
[bookmark: _Hlk162972264]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, study and decide, by RAN1#116bis, whether to support reporting, in one CSI reporting instance, {n,m n=0, 1, …, N – 1, n≠nref, m=0,1,…,M-1}, where n,m 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 m-th frequency unit 
· FFS: whether M>1 (sub-band reporting) is needed or not (M=1, i.e. wideband reporting) 
· For the reference CSI-RS resource/resource set nref, the value of nref is assumed 0 and not reported
· FFS (by RAN1#116bis): Whether nref is fixed, NW-configured, or is included in the report (selected by the UE)
(Omitting)




In the RAN1 #116 meeting, it was agreed that in CJT calibration reporting, the UE shall inform the gNB of the measured values such as delay offset, FO and phase offset (if supported). It was also agreed that the UE will determine the reference CSI-RS resource/resource set nref and report the difference between the values measured at nref and the other CSI-RS resource/resource set. And the FFS until this meeting was whether the reference CSI-RS resource/resource set nref should be fixed, NW-configured, or UE-selected.

For the reference CSI-RS resource/resource set, it is desirable to use a CSI-RS resource/resource set that provides as accurate measured values as possible, since it is a resource for measuring the reference of delay offset and FO. However, as mentioned in the previous section, the quality of the delay offset and FOs measured as a CJT calibration reporting cannot be predicted by the NW-side in advance. Therefore, it is not desirable to determine the reference CSI-RS resource/resource set in advance or to make it NW-configured.

In addition, from the viewpoint of the amount of information on delay offset and FO to be reported and the range of the information, it is desirable to report the difference between the delay offset or FO measured in the reference CSI-RS resource/resource set and the delay offset or FO measured in the other CSI-RS resource/resource set. The UE is aware of the measurement results of the CSI-RS resource/resource set, and thus it is the UE that can choose the average values of delay offset and FO, respectively. Therefore, it is desirable for the UE to select the nref and notify the nref together with the delay offset and FO at the time of report. The nref should be selected and notified independently for each information to be reported.
[bookmark: _Ref163210007]Proposal 4: UE selects the reference CSI-RS resource/resource set nref independently for each measurement result to be reported (i.e. delay offlset, FO and phase offset (if supported)) and reports it to NW together with the measurement result.

The need for a new QCL assumption
Regarding the QCL assumption for CJT calibration reporting, whether a new QCL assumption is needed or not remains FFS as follow.
	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, {(Dn,offset, dn), n=0, 1, …, N – 1} where
· Dn,offset is a B-bit indicator representing the delay offset associated with the n-th CSI-RS resource/resource set
(Omitting)
· dn is a 1-bit indicator associated with the n-th CSI-RS resource/resource set, indicating whether the measured delay offset, plus delay spread, is inside or outside a pre-defined range/interval
· FFS (RAN1#116bis): The pre-defined range(s), e.g. CP length or its multiple
· FFS: Detailed UCI design on codepoint encoding details
· FFS: The need for a new QCL assumption

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, {FOn , n=0, 1, …, N – 1, n≠nref}, where FOn denotes the measured frequency offset associated with the n-th CSI-RS resource/resource set relative to the reference CSI-RS resource/resource set nref
(Omitting)
· FFS: The need for a new QCL assumption
· FFS the unit of AFO: e.g. absolute (e.g. in Hz) or relative (e.g. in ppm/ppb relative to carrier frequency, or fraction of SCS), dependence on RS configuration 




For example, consider the case where the delay offset is reported as CJT calibration reporting and the gNB pre-compensates the PDSCH/DM-RS for the time delay. In this case, the QCLed relationship between PDSCH/DMRS and CSI-RS or TRS is maintained for delay spread, but not for average delay. However, the QCL assumptions defined up to Rel. 18 do not assume a QCL assumption that is QCLed for delay spread but not for average delay. A similar thing could be said for the case where the FO is reported as CJT calibration reporting and the gNB performs pre-compensation of frequency offset to the PDSCH/DM-RS.

Therefore, the definition of new QCL assumption is necessary when introducing CJT calibration reporting.
[bookmark: _Ref163210015]Proposal 5: A new QCL assumption is needed for realizing pre-compensation based on the Rel-19 CJT calibration reporting.

DL/UL 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, study and decide, by RAN1#116bis, whether to support reporting, in one CSI reporting instance, {n,m n=0, 1, …, N – 1, n≠nref, m=0,1,…,M-1}, where n,m 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 m-th frequency unit 
· FFS: whether M>1 (sub-band reporting) is needed or not (M=1, i.e. wideband reporting) 
· For the reference CSI-RS resource/resource set nref, the value of nref is assumed 0 and not reported
· FFS (by RAN1#116bis): Whether nref is fixed, NW-configured, or is included in the report (selected by the UE)
· The value n,m indicates a uniformly quantized phase between –A and A, or 0 and A
· FFS (by RAN1#116bis): supported quantization alphabet(s) (including A and resolution) for n,m 
· FFS: Detailed UCI design




From the WID shown in Sect. 1, this agenda assumes FR1 as a frequency range, where FDD is important, but TDD is also important. And TDD requires the use of DL and UL channel reciprocity to generate a precoder for DL from SRS. To generate the DL precoder from SRS using DL and UL channel reciprocity, it is necessary to eliminate the difference between TRPs in Rx-Tx timing offset and the difference between TRPs in Rx-Tx phase offset. To achieve this, as indicated by several contributions input to the RAN1 #116 meeting, the UE first transmits SRS, then transmits precoded CSI-RS based on the received SRS of each TRP, and feeds back the timing offset and phase offset between TRPs from the measured CSI-RS. Therefore, it is also important to report phase offset to realize DL CJT precoder based on TDD channel reciprocity in FR1.
[bookmark: _Ref163210020][bookmark: _Ref163210316]Proposal 6: For the Rel-19 aperiodic standalone CJT calibration reporting, support reporting of the measured phase offset between the reference CSI-RS resource/resource set nref and other CSI-RS resources/resource sets in one CSI reporting instance.

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

Proposal 1: Clarify the impact of CSI-RS mapping methods for Rel-19 Type-I and Type-II codebooks on pre-Rel 19 UEs.

Proposal 2: UE reports for all the configured NTRP NZP CSI-RS resources/resource sets for the purpose of CJT calibration reporting.

Proposal 3: it is beneficial to support an ‘invalid’ quantization state/hypothesis to avoid gNB calibrating with poor quality of measurements.

Proposal 4: UE selects the reference CSI-RS resource/resource set nref independently for each measurement result to be reported (i.e. delay offlset, FO and phase offset (if supported)) and reports it to NW together with the measurement result.

Proposal 5: A new QCL assumption is needed for realizing pre-compensation based on the Rel-19 CJT calibration reporting.

Proposal 6: For the Rel-19 aperiodic standalone CJT calibration reporting, support reporting of the measured phase offset between the reference CSI-RS resource/resource set nref and other CSI-RS resources/resource sets in one CSI reporting instance.
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