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Introduction
As part of Rel-18 Study Item on MIMO Evolution for Downlink and Uplink [1], 3GPP has agreed on a list of goals related to CSI enhancements. In particular, the 4th objective is devoted to CSI enhancements for coherent JT. This contribution focuses on CSI enhancements devoted to CJT.
	
1. Study, and if justified, specify CSI reporting enhancement for high/medium UE velocities by exploiting time-domain correlation/Doppler-domain information to assist DL precoding, targeting FR1, as follows:
· Rel-16/17 Type-II codebook refinement, without modification to the spatial and frequency domain basis
· UE reporting of time-domain channel properties measured via CSI-RS for tracking


4. Study, and if justified, specify enhancements of CSI acquisition for Coherent-JT targeting FR1 and up to 4 TRPs, assuming ideal backhaul and synchronization as well as the same number of antenna ports across TRPs, as follows:
· Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off




In this contribution, we continue to discuss our views on CSI enhancements for coherent JT.

CSI Enhancement for CJT-mTRP 

W2 quantization
In RAN1#110bis-e [2], it was agreed to down select from the two alternatives of W2 quantization and SCI design:
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[bookmark: _Hlk115373534]Alt1 provides the highest overhead reduction since it comprises a single amplitude group per polarization (Cgroup,amp=2). Alt3 provides higher resolution as it comprises one amplitude group per polarization for each CSI-RS resource group. Alt3 might be more flexible and can accommodate the distributed scenarios (non-colocated) of CJT-mTRP because the amplitude groups can be used to convey the receive power difference between the distributed TRPs. However, the SLS in [2] showed a minor discrepancy gain between Alt1 and Alt3. Our current position is to support Alt1 and will study the new SLS results to see whether there is a change in the gain behavior.

Proposal 1: Support Alt1 for the design W2 quantization group and Strongest Coefficient Indicator (SCI) design

Offset Selection for FD Basis
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In Rel-18 Type-II codebook Mode-1, the FD basis for each CSI resource is selected independently. Based on the agreement in RAN1#111 [3], it was agreed to down select only one from three alternatives:
1. Alt1 gives an optimized version by having a common FD basis selection across all the CSI-RS resources scaled with per CSI-RS resource FD offset. This is expected to have the highest overhead reduction due to the common FD basis. 
2. In Alt2, FD basis are independently selected across the N CSI-RS resources without any per-CSI-RS-resource FD basis selection offset.  
3. Alt3 provides an individual offset relative to the per CSI resource FD basis that are independently selected across N CSI-RS resources.
[bookmark: _Hlk127503731]Alt1 gives an optimized scheme (overhead) by having a common FD basis selection across all the CSI-RS resources scaled with the per CSI-RS resource FD offset. Alt1 better suits the scenarios of co-located CJT-mTRPs where channel (for each CSI-RS resource) is likely to have similar mutual frequency/delay characteristics with the channels of the rest of the TRPs.

Alt2 & Alt3 can be viewed as functionally equivalent since the FD basis are independently selected across N CSI-RS resources. The essence of the R18 Mode-1 Type II codebook is the independent selection of the FD basis across N CSI-RS resources and it is devoted to the distributed or non-co-located CJT-mTRP scenarios since the channels may not have similar frequency\delay characteristics due the different locations of the cooperating TRPs. So Alt2 & Alt3 offers more flexibility with higher resolution of FD basis and offset.

During the offline discussion, Alt2 & Alt3 were merged into Alt2 in Offline proposal 1.B.1. 
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Observation 1: Alt1 (Offline proposal 1.B.1) provides an optimized scheme for the scenarios of co-located CJT-mTRPs where channel for each CSI-RS resource is likely to have common mutual frequency/delay characteristics.
Observation 2: Alt2 (Offline proposal 1.B.1) provides a higher resolution since the FD basis are independently selected across N CSI-RS resources that is needed in the distributed or non-co-located CJT-mTRP scenario as the channels may have diverse frequency/delay characteristics due the different locations of the cooperating TRPs.
Proposal 2: Support both Alt1 & Alt2 from Offline proposal 1.B.1 for the FD Basis and Offset Selections in RAN1#112

Parameter Combination for Rel-18 Type II 
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SD basis (NL, L1, ..., LNTRP)
[bookmark: _Hlk127532092]In RAN1#111 [3], it was agreed that the number of NL combinations for values of the SD basis {L1, ..., LNTRP} is gNB-configured via higher-layer (RRC) signaling and when NL>1, the UE reports the selected combinations of {L1, ..., LNTRP} in CSI part 1. If an index is used to link between the parameters of the SD basis (NL, L1, ..., LNTRP) and the compression parameters ( & pv), it could lead to an overlong table with potentially unnecessary redundancy since each index value needs to be associated to multiple combinations of  & pv (for example see the snapshot below for Rel-16 Table 5.2.2.2.6-1). In Figure 1, the permitted combinations of (NL, L1, ..., LNTRP) are grouped with an associated index (Part A), then the index is associated to chosen values of ( & pv).
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 An alternative approach is to follow the legacy of Rel-16 and use a linkage between the parameters of the SD basis (NL, L1, ..., LNTRP) and compression parameters ( & pv). The linkage parameter can be the Lmax  which can be used to group more combinations of {L1, ..., LNTRP} such that , then construct the Rel-18 codebook parameter configurations for  as shown in Figure 2. This can reduce the size of the mapping table, redundancy, and complexity; thus optimize the overhead. 

Another important aspect related to NL is that it should not should not exceed a predefined maximum value (NL,max) to avoid complexity at the UE end.
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Figure 1: Mapping between (NL, L1, ..., LNTRP) & (pv, β) using the Index 
[image: ]
Figure 2: Mapping between (NL, L1, ..., LNTRP) & (pv, β) using the Lmax 

Observation 3: Using the Index to link between the parameters of the SD basis (NL, L1, ..., LNTRP) and compression parameters ( & pv) could lead to an overlong table with unnecessary redundancy
Proposal 3: Support adding a linkage parameter Lmax such that  between the parameters of the SD basis (NL, L1, ..., LNTRP) and the compression parameters ( & pv) to construct the Rel-18 codebook parameter configurations for . 

Proposal 4: Support defining a maximum value (NL,max) for the number of NL of the combinations of the SD basis {L1, ..., LNTRP} to avoid higher complexity at the UE end. 

The Compression parameters β & pv
The parameters  & pv are used to optimize the overhead where the parameter pv is used to control the amount of FD compression and the parameter is used to control the size of the NZC selected by the UE. Therefore, the trade-off between performance & overhead can vary as a function of these two parameters  & pv. We are open to add additional values of ( & pv) to improve the performance of the Rel-18 Type-II codebook and reduce the overhead

Proposal 5: Support adding new values of ( & pv) to further optimize the performance of Rel-18 Type-II codebook and reduce overhead


Conclusion
In this contribution, we propose and observe the following:

Proposal 1: Support Alt1 for the design W2 quantization group and Strongest Coefficient Indicator (SCI) design
Proposal 2: Support both Alt1 & Alt2 from Offline proposal 1.B.1 for the FD Basis and Offset Selections in RAN1#112
Proposal 3: Support adding a linkage parameter Lmax such that  between the parameters of the SD basis (NL, L1, ..., LNTRP) and the compression parameters ( & pv) to construct the Rel-18 codebook parameter configurations for . 
Proposal 4: Support defining a maximum value (NL,max) for the number of NL of the combinations of the SD basis {L1, ..., LNTRP} to avoid higher complexity at the UE end. 
Proposal 5: Support adding new values of ( & pv) to further optimize the performance of Rel-18 Type-II codebook and reduce overhead
Observation 1: Alt1 (Offline proposal 1.B.1) provides an optimized scheme for the scenarios of co-located CJT-mTRPs where channel for each CSI-RS resource is likely to have common mutual frequency/delay characteristics.
Observation 2: Alt2 (Offline proposal 1.B.1) provides a higher resolution since the FD basis are independently selected across N CSI-RS resources that is needed in the distributed or non-co-located CJT-mTRP scenario as the channels may have diverse frequency/delay characteristics due the different locations of the cooperating TRPs.
Observation 3: Using the Index to link between the parameters of the SD basis (NL, L1, ..., LNTRP) and compression parameters ( & pv) could lead to an overlong table with unnecessary redundancy
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On the Type-II codebook refinement for CJIT mTRP, regarding W2 quantization group and Strongest Coefficient
Indicator (SCI) design, for each layer:
e One (common) SCI applies across all N CSI-RS resources
e Further down-select one from the following alternatives by RAN1#110bis-e:
o Altl. One group comprises one polarization across all N CSI-RS resources (Ceroup phase=1, Caroup amp=2)
= FFS: Amplitude quantization table considering transmission power difference between
multiple TRPs
= For each of the amplitude groups (other than the group associated with the SCI), the
reference amplitude is reported
o Alt3. One group comprises one polarization for one CSI-RS resource with a common phase reference
across N CSI-RS resources (Caroup phase=1, Caroup.amp=2N)
=  For each of the (2N-1) amplitude groups (other than the group associated with the SCI), the
reference amplitude is reported
FFS: The need for “strongest” TRP/TRP-group indicator in addition to the SCI
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On the Type-II codebook refinement for CJT mTRP, for mode-1, study and down select (no later than RAN1#112) only
one from the following schemes:

e Altl. 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.

o  Example formulation: Wy, = diag([l e e ;'_zw’_”w“] )W; where ¢, is the FD basis

selection offset for CSI-RS resource # relative to a reference CSI-RS resource # with ¢; = 0, and
W, is commonly selected across N CSI-RS resources
e Alt2. W;, independently selected across N CSI-RS resources (without any per-CSI-RS-resource FD basis
selection offset)
o Alt3. 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.
Sen I

o  Example formulation: Wy, = diag([le N _1"'"] )W;,, where @, isthe FD basis

selection offset for CSI-RS resource # relative to a reference CSI-RS resource # with ¢; = 0, and
W;,, is independently selected across N CSI-RS resources
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 FS basis vectors (M/p, or M) is gNB-configured via higher-
layer signaling and common across the N CSI-RS resources
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Offline proposal 1.B.1: On the Type-II codebook refinement for CJT mTRP, for mode-1, down select (in
RANI1#112) only one from the following schemes
e Altl. 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.

o o 0
o Example formulation: Wy, = diag([l e ! "Ts(erw"] )Wy where ¢, is the FD
basis selection offset for CSI-RS resource # relative to a reference CSI-RS resource #i with
@ = 0, and Wy is commonly selected across N CSI-RS resources
e Alt2. Wy, 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 FS basis vectors (M,/py or M) is gNB-configured via

higher-layer signaling and common across the N CSI-RS resources
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On the Type-II codebook refinement for CJT mTRP, regarding the SD basis selection, for a configured value of Nrgp, a
set of N; combinations of values for {Li, ..., Lyrzp} is gNB-configured via higher-layer (RRC) signaling

‘When N;>1, the selected combination of values for {Li, ..., Lyzze} is reported in CSI part 1 using an indicator,
selected from the N; configured combinations

o Ny =lis one of the supported candidate values

o FFS: Other supported value(s) of NV, and its respective UE capability

o FFS: The supported combinations of values for {Li, ..., Lyrrp}
Following the legacy design, the SD basis selection for the #-th (#=1....,N) selected CSI-RS resource is

indicated in CSI part 2 using a combinatorial indicator selected from a set of (Pcs’_”/ 2) codepoints where,

L,
for Rel-16-based refinement Pcsz.rs= 2*NiN>.

The supported candidate values for each of the L, parameters include the legacy candidate values, i.e. {2,4,6}
for Rel-16-based refinement, and
o for Rel-17-based refinement, the gNB configures a set of N_L combinations for {alphay, ...,

alphayrre} L, = @, Prsi—gs/2 Where a, = {é,é,l}

FFS: Whether the set of N combinations of values for {L, ..., Lyrzp} can be implicitly derived
Following the legacy design, for all the selected N CSI-RS resources, the SD basis oversampling group for each CSI-RS
resource is indicated in CSI part 2 using an indicator selected from a set of O;0, codepoints.
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Table 5.2.2.2.6-1: Codebook parameter configurations for L, g andp,
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Codebook parameter configurations for (Index, N, Ly, ..., Lyzzs) Codebook parameter configurations for (Index, p,, B)
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Codebook parameter configurations for (L., Ny, Ly, ..., Lyrze) Codebook parameter configurations for (L, p,, B)
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