[bookmark: _Ref521334010]3GPP TSG RAN WG1 #112bis-e	R1-2302901
e-Meeting, April 17th – 26th, 2023

Source:	Fujitsu
Title:	Discussion on Rel-18 MIMO CSI enhancement
Agenda item:	9.1.2
Document for:	Discussion and Decision
Introduction
In last meeting, there was good progress on enhancements of CSI acquisition for CJT and mobility with agreements agreed in [1]. In this contribution, we will share some further considerations on the CSI enhancement for CJT and mobility.
CSI enhancement for coherent-JT
In the RAN1#110 meeting, the following two codebook modes for Rel-18 coherent-JT codebook design were supported for Rel-18 coherent-JT transmission hypothesis. Based on each structure, the codebook design should be discussed separately, but it is more preferred to realize two modes through one common criteria.
·  Mode 1: Per-TRP/TRP-group SD/FD basis selection which allows independent FD basis selection across N TRPs / TRP groups. Example formulation (N = number of TRPs or TRP groups): 

· Mode 2: Per-TRP/TRP group (port-group or resource) SD basis selection and joint/common (across N TRPs) FD basis selection. Example formulation (N = number of TRPs or TRP groups):

In this section, we provide our views on remaining issues for Rel-18 coherent-JT.
 quantization
For Rel-18 C-JT transmission hypothesis, the following agreement and working assumption were achieved in the 110bis e-meeting. Whether to confirm the working assumption has been discussed during two meetings and there is no conclusion at present.
	Agreement
On the Type-II codebook refinement for CJT mTRP, regarding W2 quantization group, for each layer:
· Support the following: (Alt1) One group comprises one polarization across all N CSI-RS resources (Cgroup,phase=1, Cgroup,amp=2)
· FFS: Amplitude quantization table enhancement
· For the amplitude group other than the group associated with the SCI, the reference amplitude is reported
· Working assumption: Alt3 is supported in addition to Alt1 (to be confirmed in RAN1#111)
· (Alt3). One group comprises one polarization for one CSI-RS resource with a common phase reference across N CSI-RS resources (Cgroup,phase=1, Cgroup,amp=2N)
· For each of the (2N–1) amplitude groups (other than the group associated with the SCI), the reference amplitude is reported
· If the support Alt3 in addition to Alt1 is confirmed, only one of the two schemes will be a basic feature for UEs supporting Rel-18 Type-II CJT codebook


For Alt1, differential quantization of amplitude coefficients is simpler and quantification accuracy is appropriately reduced. Therefore, Alt 1 is more suitable for the scenarios where the powers of different TRPs are similar. However, for the scenarios with large power difference among TRPs, the current quantization range for reference amplitude on Alt 1 is not sufficient to cover the power difference among different TRPs, which may lead to performance loss. Thus, both alternatives have their own applicable scenarios to fully cover all coherent-JT transmission hypothesis. Therefore, the working assumption on Alt 3 should be confirmed.
Proposal 1 For  quantization on C-JT transmission hypothesis, the working assumption on Alt 3 should be confirmed.
FD basis selection and indication for mode 1
Since the co-phasing/amplitude across N TRPs for mode 1 is unnecessary by propagation delay among multiple TRPs, it was agreed the co-phasing/amplitude across N TRPs for mode 1 is implicitly incorporated in W2. Thus, the FD basis selection offset is important to reflect co-phasing/amplitude across N TRPs. In the #112 meeting, the scope of candidate FD basis selection and indication for mode 1 were narrowed down, as shown below. 
	Agreement
On the Type-II codebook refinement for CJT mTRP, for mode-1, down select (in RAN1#112) only one from the following schemes
· Alt1. The use of per-CSI-RS-resource FD basis selection offset (relative to a reference CSI-RS resource) for independent FD basis selection across N CSI-RS resources. 
· Example formulation:  where  is the FD basis selection offset for CSI-RS resource n relative to a reference CSI-RS resource  with , and  is commonly selected across N CSI-RS resources 
· Alt2.  independently selected across N CSI-RS resources (without any per-CSI-RS-resource FD basis selection offset)
For all the above alternatives, the legacy FD basis selection indication scheme is applied on each selected FD basis.
Note: Per previous agreements, the number of selected FD basis vectors (Mv/pv or M) is gNB-configured via higher-layer signaling and common across the N CSI-RS resources


Considering multiple scenarios to fully cover all coherent-JT transmission hypotheses, mode 1 might be suitable for a large delay difference, and mode 2 might be suitable for a relatively small delay difference. Thus, the main design principle of mode 1 should focus on how to reflect the large delay difference across N TRPs. In addition, considering the consistency principle of mode 1&2 and the increased reporting overhead, Alt 1 is a more unified scheme to achieve the acquisition of the delay difference across N TRPs. For Alt 2, the FD basis selection of each TRP might be more accurate. However, if the FD basis is distributed in a large frequency range due to the large delay spread, the reporting overhead on Alt 2 will increase with the increase of N3. Therefore, Alt 1 is preferred on FD basis selection and indication for mode 1.
Proposal 2 For FD basis selection and indication for mode 1, Alt 1 is preferred.
CSI Part II omission 
Based on the current specs, all the codebook parameters for PMI should be reported in CSI Part II. For both Rel-16 eType II and Rel-17 feType II Port Selection, when CSI reporting on PUSCH comprises two parts, the UE may omit a portion of the Part 2 CSI based three grouping information: G0, G1 and G2. In that case, the CSI priority for CSI part II omission is based on G0 > G1 > G2.
For both mode 1 and mode 2 for coherent-JT, the reporting of SD basis selection, NNZC bitmap and W2 is agreed to be extended to be in a TRP-specific manner. Separately, for mode 2, FD basis indication is still reported in a TRP-common manner. However, the FD basis indication for mode 1 has not been determined currently. Accordingly, it has not been determined whether FD basis indication is TRP-common or TRP-specific, or whether there is FD offset reporting or not. Therefore, the exact priority group for each parameter needs to be discussed after the determination on the FD basis indication for mode 1.
Observation 1 For CSI part II omission, the exact priority group for each parameter needs to be discussed after the determination on the FD basis indication for mode 1.
For legacy UCI part II omission rule, the following legacy priority of  and  was defined in TS 38.214, 
 for Rel-16 and,
 for Rel-17
For Rel-18 CJT enhancement, the following candidate alternatives should be down-selected in this meeting. 
	Agreement
On the Type-II codebook refinement for CJT mTRP, regarding UCI omission, down-select between the following three alternatives (by RAN1#112-bis where n denotes the n-th CSI-RS resource):
· Alt1. Prio(l,l,m,n)=() .N.RI.P(m)+N.RI.l(n)+N.l+n 
· Note: This implies that CSI-RS resource is designated the highest priority
· Alt2. Prio(l,l,m,n)=2L’.Qn).RI.N3+2L’.RI. P(m)+RI.l(n)+l
· Note: This implies that CSI-RS resource is designated the lowest priority (after FD basis)
· Note: L’ denotes the max value of Ln from all selected N CSI-RS resources
· FFS: Q(n) maps the index n according to a rule, e.g., Q(n)=n, or Q(n)=0 if n corresponds to strongest TRP/SCI.
· Alt3. Replace SD basis index l in legacy Prio calculation with , i.e., SD basis index over all resources: Prio(l,l,m,n) = 2Ltot.RI.P(m)+ RI.+RI.l(n)+ l
FFS: FD permutation P(.) as Rel-16-analogous, or no permutation i.e. P(m)=m


Regarding Alt 1, the TRP/ CSI-RS resource is the highest priority for the UCI omission, which means the partial codebook information can be omitted across N TRPs. For Alt 2, the TRP/ CSI-RS resource is the lowest priority after FD basis for the UCI omission, which means the whole codebook information of the weakest TRP can be omitted. Alt 3 is similar as Alt 1 but with the SD basis index over all resources. Thus, compared with Alt 1 and Alt 3, Alt 2 is more suitable to have a better fallback to single TRP. In addition, in order to let gNB obtain the precoder information of strongest TRP, Q(n)=0 can be defined if n corresponds to the strongest TRP/SCI.
For CSI part II omission for coherent-JT, the two following priorities can be considered,
Proposal 3 For UCI part II omission for CJT, Alt 2 which implies that CSI-RS resource is designated the lowest priority after FD basis is preferred. In addition, in order to let a gNB obtain the precoder information of the strongest TRP, Q(n)=0 can be defined if n corresponds to the strongest TRP/SCI.

CSI reference resource 
In Rel-16 based on S-TRP for CQI calculation, the UE should assume that PDSCH signals on antenna ports for ν layers would result in signals equivalent to corresponding CSI-RS, as given by



where  is a vector of PDSCH symbols and v is the number of PDSCH transmission layers,  is the number of CSI-RS ports. For CSI feedback, W(i) is the precoding matrix corresponding to the reported PMI applicable to x(i).
Based on Rel-17 NCJT for CQI calculation, the UE should assume that the  layers are mapped to the CSI-RS ports of CMR 1 and PDSCH signals from TRP 1, and the  layers are mapped to the CSI-RS ports of CMR 2 and PDSCH signals from TRP 2. , , fully overlapped in time and frequency. In this case, UE can calculate two PMIs according to two CMRs respectively. As shown below, two associations with CSI-RS ports and PDSCH ports can be defined for each CMR group (TRP) respectively. 

For Rel-18 CJT transmission, K CMRs in one resource set are transmitted from K TRP respectively while total PDSCH ports are from both TRPs. Thus, the current association with CSI-RS ports and PDSCH ports is not suitable for CJT measurement hypothesis. In addition, the precoder for CJT also needs to be extended to the TRP dimension in one PMI reporting, such as , where  is associated with n selected TRP/CSI-RS resource, not with K TRP/CSI-RS resources configured by gNB. The n selected TRP/CSI-RS resources are related with the TRP selection in Part I, which was agreed in the previous meetings. Therefore, the enhancement for CSI reference resource definition for CJT measurement hypothesis should be discussed independently, and the dimensions on precoder or CSI-RS resource need to be further studied.
Proposal 4 The enhancement for CSI reference resource definition for CJT measurement hypothesis, the association with K CSI-RS resources and PDSCH layers should be defined independently, and the dimensions on precoder or CSI-RS resource need to be further studied.

CSI reporting enhancement for high/medium UE velocities
NNZC bitmap design
In the #112 meeting, the agreement of candidate bitmap scheme of NZCs selection was achieved, as shown below. 
	Agreement
For the Type-II codebook refinement for high/medium velocities, regarding the bitmap(s) for indicating the locations of the NZCs, down-select one from the following alternatives (no later than RAN1#112bis-e): 
· Alt1. Q different 2-dimensional bitmaps where each bitmap reuses the legacy design i.e. the size of the bitmap for each selected DD basis vector is 2LMv 
· Alt3A: A single 2-dimensional bitmap of size  to report the selected  pairs of FD basis vector and DD basis vector and a single 2-dimensional bitmap of size  for indicating the location of the NZCs, where each row corresponds to a selected SD basis vector and each column corresponds to one of the selected  pairs of FD basis vector and DD basis vector.
· Alt4. A bitmap that includes bits associated with the set of {(, ,)} with , where  is the threshold that can be configured by gNB,  ,  and  denotes a reference SD basis index and a reference FD basis index and a reference DD basis index associated with SCI, respectively.
Nokia/NSB, Samsung, vivo, and ZTE raised concerns that, in their understanding, Alt3A violates previous agreements for “Q different two-dimensional bitmaps” and/or common DD basis selection across SD/FD basis pairs and hence, to some extent, objective 1 of the WID.

	

	


In our opinion, considering the extension on the legacy design, Alt 1 is the simplest and default solution. The original intention of Alt 3A or Alt 4 is mainly to reduce overhead. For Q=1, FL’s suggestion in offline discussion, i.e., Alt 1 is used as a default scheme for Q=1, is preferred. For Q=2, FL’s suggestion in offline discussion, i.e., Alt 1 is used as a basic scheme and Alt 3A or Alt 4 is used as an optional scheme, is preferred. However, for Q=2 was agreed in RAN1#112 meeting, we think the difference on reporting overhead between Alt 1 and Alt 3A or Alt 4 is negligible. 
Furthermore, based on our analysis, multiple rays with different angles are contained in one cluster in real channel environment or TS 38.901. In that case, each ray might be observed a corresponding peak in Doppler domain, even though their delays might be the same. Therefore, the Doppler domain should be associated with both angle and delay domains, rather than only considering the sparsity in Delay-Doppler. Thus, the three-dimensional NNZC bitmap design is more suitable for 3D MIMO channel. Therefore, for both Q = 1 and Q = 2, Alt 1 can achieve a better performance and is also the simplest solution.
Observation 2 [bookmark: _Hlk131776926]For Q={1,2}, the difference on reporting overhead between Alt 1 and Alt 3A (or Alt 4) is negligible.
Observation 3 The Doppler domain should be associated with both angle and delay domains, rather than only considering the sparsity in Delay-Doppler.
Proposal 5 Regarding NNZC bitmap design for high/medium UE velocities, Alt 1 is preferred considering it is the simplest and best performance solution.
CQI reporting 
In the RAN1#112 meeting, the following CQI reporting scheme was achieved for mobility,
	Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, regarding the time instance and/or PMI(s) in which a CQI is associated with, given the CSI reporting window WCSI (in slots), as well as the number of CQIs (=X) in one sub-band and one CSI reporting instance, support only the following:
· Basic feature: X=1 and the CQI is associated with the first/earliest slot of the CSI reporting window and the first/earliest of the N4 W2 matrices
· Optional features:
· X=1 and the CQI is associated with:
· the first/earliest slot of the CSI reporting window (slot l) and the first/earliest of the N4 W2 matrices, and 
· the last slot of the CSI reporting window (slot l+WCSI–1) and the N4-thW2 matrix
· X=2 and
· The 1st CQI is associated with the first/earliest slot of the CSI reporting window (slot l) and the first/earliest of the N4 W2 matrices, and 
· The 2nd CQI is associated with the middle slot of the CSI reporting window (slot l+WCSI/2) and the (N4 /2)-thW2 matrix
· FFS: Whether/how to include CQI overhead reduction for X=2


[bookmark: _Hlk131773010][bookmark: _Hlk131773048]For 2 CQIs reporting, the 2nd TD CQI format design should be discussed in this meeting. For legacy specs, the 2nd CQI can be transmit in UCI part 2 for Type I codebook when rank >4. Thus, the legacy design principle can be reused for the 2nd predicted CQI. In addition, as the simplest solution, the 2nd TD CQI can be calculated independently from the 1st CQI, which is proposed by FL in offline discussion. 
Proposal 6 For the Type-II codebook refinement for high/medium velocities, when a UE is configured with X=2 for CQI calculation and reporting, the 2nd CQI can be calculated independently from the 1st CQI.
TRS-based TDCP reporting
In the RAN1#112 meeting, the TDCP parameters for the use case of aiding gNB determination of codebook switching and SRS periodicity and TRS reporting enhancements were achieved, as shown below. 
	Agreement
For aiding gNB determination of codebook switching and SRS periodicity with the Rel-18 TRS -based TDCP reporting, support reporting quantized wideband normalized amplitude/phase of the time-domain correlation profile with Y≥1 delay(s) as follows:
· Basic feature: Y=1 with delay≤ Dbasic symbols, only wideband quantized normalized amplitude is reported
· FFS: Candidate values for delay
· Optional feature: Y=1 with delay>Dbasic symbols and Y≥1, wideband quantized normalized amplitude and phase for each delay are reported 
· For Y>1, the phase can be configured to be absent for all the Y delays
· TBD: Whether the value of Y is configurable or following the delays from the configured TRS resource
· TBD: Candidate value(s) for Y>1
· FFS: Value of Dbasic
Agreement
For the Rel-18 TRS-based TDCP reporting, regarding the value of parameter Y for Y>1, down-select from the following alternatives:
· Alt1. The value of Y is gNB-configured via higher-layer (RRC) signalling
· Alt2. The value of Y follows the delays from the configured TRS resource
· Alt3. The value of Y is UE-selected and reported 
The value of Y is a UE capability



The first issue is about the value of Dbasic as the maximum value of delay. In legacy TRS pattern, the time interval between two TRSs is 4 symbols. The Doppler frequency offset is nearly 3500Hz based on coherence time, which can handle medium/ high speed scenarios in Rel-18. Therefore, the value of Dbasic can be at least equal to the 4 symbols of time interval between two TRSs.
Proposal 7 For the TDCP reporting, the value of Dbasic can be at least equal to the 4 symbols of time interval between two TRSs.
The second issue is about the value of Y as the number of delays. In the LLS simulation, at least 20 clusters are modeled for CDL and TDL channel models. For CDL, the angel/doppler spreads of the paths/subpaths are modeled in each cluster; For TDL, the angel/doppler spreads of the paths/subpaths are not modeled in each cluster. The angel/doppler spreads across different clusters will be large, and the angel/doppler spreads within each cluster will be relatively small. From the perspective of the UE receiver, some basic algorithms will first filter effective clusters based on predefined power thresholds. Based our statistics for the TDL channel model, at least 5 effective clusters are necessary to accurately recover the channel, which have large energy and angel/doppler spreads. Therefore, the value of Y is at least larger than 5. However, considering the feedback overhead, the value of Y should not be too large. Furthermore, considering that the value of Y is a UE capability, the simplest solution is that Y can be gNB-configured via higher-layer (RRC) signaling. 
Proposal 8 For the TDCP reporting, the value of Y should be at least larger than 5. In addition, the value of Y can be gNB-configured via higher-layer (RRC) signaling. 
Conclusions
In this contribution, we provide our views on the enhancements for DL CSI enhancements. We have the following observations and proposals:
Observation 1 For CSI part II omission, the exact priority group for each parameter needs to be discussed after the determination on the FD basis indication for mode 1.
Observation 2 For Q={1,2}, the difference on reporting overhead between Alt 1 and Alt 3A (or Alt 4) is negligible.
Observation 3 The Doppler domain should be associated with both angle and delay domains, rather than only considering the sparsity in Delay-Doppler.

Proposal 1 For  quantization on C-JT transmission hypothesis, the working assumption on Alt 3 should be confirmed.
Proposal 2 For FD basis selection and indication for mode 1, Alt 1 is preferred.
Proposal 3 For UCI part II omission for CJT, Alt 2 which implies that CSI-RS resource is designated the lowest priority after FD basis is preferred. In addition, in order to let a gNB obtain the precoder information of the strongest TRP, Q(n)=0 can be defined if n corresponds to the strongest TRP/SCI.
Proposal 4 The enhancement for CSI reference resource definition for CJT measurement hypothesis, the association with K CSI-RS resources and PDSCH layers should be defined independently, and the dimensions on precoder or CSI-RS resource need to be further studied.
Proposal 5 Regarding NNZC bitmap design for high/medium UE velocities, Alt 1 is preferred considering it is the simplest and best performance solution.
Proposal 6 For the Type-II codebook refinement for high/medium velocities, when a UE is configured with X=2 for CQI calculation and reporting, the 2nd CQI can be calculated independently from the 1st CQI.
Proposal 7 For the TDCP reporting, the value of Dbasic can be at least equal to the 4 symbols of time interval between two TRSs.
Proposal 8 For the TDCP reporting, the value of Y should be at least larger than 5. In addition, the value of Y can be gNB-configured via higher-layer (RRC) signaling. 
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