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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 RAN1#109e and RAN1#110, agreements were made on the work scope, evaluation scenarios and assumptions for CJT. In this contribution, we discuss our further views on CSI enhancements for coherent JT.

CSI Enhancement for CJT-mTRP 
Offline Discussions
In RAN1#109e, the following agreement has been made regarding the SD and FD basis selection [2]. 
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[bookmark: OLE_LINK18][bookmark: OLE_LINK19]The FFS items in this agreement have been discussed offline and concluded with three proposals 1.1, 1.2, & 1.3. 

SD Basis Selection
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Offline proposal 1.2 provides two alternatives for the SD basis selection:
1. Alt1 proposes per CSI-RS Ln parameter which can accommodates the co-located and distributed mTRP scenarios because the spatial beams generated by the TRPs will be function of the location and boresight orientation (azimuth & elevation). Therefore, the size of the strongest set of spatial beams encountered by the UE from each TRP won’t be the same. For example, Figure1 shows a co-located mTRP scenario with a dedicated CSI-RS resource per TRP. In this example, the set of strongest spatial beams varies per the UE location:
a. UE1: 
b. UE2: 
c. UE3: 
d. UE4: 
As you can see adaptive Per CSI-RS resource Ln accommodates the co-located scenarios and conclusions can be also extended to the distributed scenarios as well.

In order to optimize the overhead and reduce the complexity, the network can set up an upper bound denoted as () on the total number of spatial beams i.e. . In addition, unlike R16 the candidate set of spatial beams associated with per CSI-RS Ln might be single beam or even empty as we saw in the example above. However, to be consistent with legacy R16, at least one TRP should meet the minimum bound from R16 i.e. . 

Observation 1: Alt1 accommodates both co-located & distributed mTRP scenarios  

2. Alt2 proposes fixed number of spatial beams for all CSI-RS resources. Basically, this alternative does not provide flexibility to accommodate the of the varying size of the set of strongest spatial beams as it was demonstrated by the previous example in Figure1.   

Observation 2: Alt2 is not flexible to accommodate the varying size of the set of strongest spatial beams for co-located & distributed mTRP scenarios  
Proposal 1: For the type-II codebook refinement for CJT mTRP, the per CSI-RS of SD basis selection  can include empty () and single beam () values.
Proposal 2: For the type-II codebook refinement for CJT mTRP, at least one of the per CSI-RS of SD basis selection should be consistent with the legacy R16 and reports more than or equal two beams for one of the CSI-RS resources i.e.  .
Proposal 3: For the type-II codebook refinement for CJT mTRP, the maximum number of SD across all N CSI-RS-resources is  and it is higher-layer configured by gNB  
Proposal 4: For the type-II codebook refinement for CJT mTRP, the total number SD beams across all the CSI-RS resources reported by the UE should not exceed  i.e. . 
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Figure 1: Spatial Beams from co-located mTRP Scenario

FD Basis Selection
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We support offline proposal 1.1 and open for further refinement. In addition, based on the discussion in the previous section (2.1.1), we propose to add the associated compression configuration parameters Mv, pv, N3, and R for 
Proposal 5: For the type-II codebook refinement for CJT mTRP, the parameters for FD basis (Mv, pv, and R) should include a single beam value for the per CSI-RS of SD basis selection .

NNZC and bitmap design
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The per-CSI-RS-resource NZC is function of the SD & FD basis, therefore expected to vary across the N CSI-RS resources.   
Proposal 6: we support the per-CSI-RS-resource NNZC (number of NZCs).

TRP Selection
In RAN1#110 [3], it was agreed to down-select from Alt1 and Alt2. 
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1. In Alt1, the number of cooperating TRPs (N) is gNB configured via higher layer (RRC) signalling and single hypothesis is sent by each UE. In this scheme, the gNB have visibility on all connected UEs (kind of a centralized solution) and can perform further optimization by selecting subset or all TRPs for transmission to enhance the performance. Consider an example (Figure is shown below) with two TRPs (TRP1 & TRP2) serving two users (UE1 & UE2), the mTRP scheduler will try to optimize the MU pairing and reduce the mutual interference. One potential optimal decision is to select TRP1 for UE1 & TRP2 for UE2.the CJT-mTRP have visibility on all connected UEs (kind of a centralized solution) and can perform further optimization and enhance the performance as we saw in the example in Figure 3. For example, consider the two TRPs (shown in Figure 2) serving two users, the gNB scheduler will try to optimize the MU pairing and reduce the mutual interference. One potential optimal decision is to select TRP1 for UE1 & TRP2 for UE2.     
2. In Alt2, UE selects the number of cooperating TRPs and their associated PMI. This alternative acts like a distributed solution and since the UE does not have visibility on the rest of the network, it could degrade the performance. In addition, the relatively low-resolution measurement like RSRP per TRP may not be enough to make the optimal decision about the cooperating TRPs as it requires more information about the SINR & the expected interference. Therefore, if the UE wants to calculate these metrics per hypothesis to reach the optimal one, this will impose additional complexity on the UE. On the other hand, if the UE wants to rely on the relatively low-resolution measurement like RSRP per TRP, this can be easily calculated by the gNB in Alt1.
Observation 3: Alt1 acts like a centralized solution and can help to optimize the network performance.
Proposal 7: For the type-II codebook refinement for CJT mTRP, we support Alt1 for TRP selection 


W2 quantization group and SCI
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Four alternatives have been proposed for W2 quantization and SCI design:
1. [bookmark: _Hlk115373534]Alt1 provides the highest overhead reduction
2. Alt2 provides the highest resolution per TRP/TRP group associated with higher
3. Alt3 provides a compromise between Alt1 & Alt2
4. Alt4 provides an optimized version for Alt3.
We support Alt3 and Alt4 depending on the performance gain from the SLS, will make our final preference.

Proposal 8: Support Alt3 & Alt4 for the design W2 quantization group and Strongest Coefficient Indicator (SCI) design
Conclusion
In this contribution, we propose and observe the following:
Proposal 1: For the type-II codebook refinement for CJT mTRP, the per CSI-RS of SD basis selection  can include empty () and single beam () values.
Proposal 2: For the type-II codebook refinement for CJT mTRP, at least one of the per CSI-RS of SD basis selection should be consistent with the legacy R16 and reports more than or equal two beams for one of the CSI-RS resources i.e.  .
Proposal 3: For the type-II codebook refinement for CJT mTRP, the maximum number of SD across all N CSI-RS-resources is  and it is higher-layer configured by gNB  
Proposal 4: For the type-II codebook refinement for CJT mTRP, the total number SD beams across all the CSI-RS resources reported by the UE should not exceed  i.e. . 
Proposal 5: For the type-II codebook refinement for CJT mTRP, the parameters for FD basis (Mv, pv, and R) should include a single beam value for the per CSI-RS of SD basis selection .
Proposal 6: we support the per-CSI-RS-resource NNZC (number of NZCs).
Proposal 7: For the type-II codebook refinement for CJT mTRP, we support Alt1 for TRP selection 
Proposal 8: Support Alt3 & Alt4 for the design W2 quantization group and Strongest Coefficient Indicator (SCI) design
Observation 1: Alt1 accommodates both co-located & distributed mTRP scenarios  
Observation 2: Alt2 is not flexible to accommodate the varying size of the set of strongest spatial beams for co-located & distributed mTRP scenarios  
Observation 3: Alt1 acts like a centralized solution and can help to optimize the network performance.
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On the Type-II codebook refinement for CJT mTRP, the resulting codebook(s) are associated with af least the
following parameters:
O Parameters for basis reporting, including
» The number of basis vectors: gNB-configured via higher-layer signaling
 FFS: Whether it is layer-common or layer-specific, whether it is per TRP/TRP-group or
common for all TRPs
= Basis selection indicator(s): a part of CSI report
 FFS: Whether it is layer-common or layer-specific, whether it is per TRP/TRP-group or
common for all TRPs
o Quantized combining coefficients (W5): a part of CSI report
= FFS: details of quantization scheme
o Number of non-zero coefficients and bitmap to indicate non-zero coefficients, including whether it is per
TRP/TRP-group (separate) or across all TRPs/TRP-groups (joint): a part of CSI report
o Strongest coefficient indicator(s) (SCI(s)): a part of CSI report
= FFS: One per TRP/TRP-group or common for all TRPs
= FFS: Additional need for strongest TRP indicator
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Offline proposal 1.2: On the SD basis selection for Type-II codebook refinement for CJT mTRP, following legacy (Rel-16 regular
<Type-II and Rel-17 PS FeType-II), SD basis selection is per CSI-RS-resource.

«  Down sclect from the following alternatives (RAN1#110bis-c)
o Altl. Per-CSI-RS-resource Lx parameter

- TBD: Whether {Ly, n=1, ..., N} arc higher-layer configured by gNB, or the total £, L,, is higher-
layer configured by @NB while {Ls, 7=, ..., N} are reported by the UE

o Alt2. Common L parameter for all N CSI-RS resources
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Offline proposal 1.1: On the Type-II codebook refinement for CJT mTRP, following legacy (Rel-16 regular eType-II and Rel-17
PS FeType-II), for a given CSI-RS resource:

SD basis sclection is layer-common and polarization-common, with L, Ni, Na, O, 02 defined per Rel-16 specification
for refinement based on Rel-16 regular e Type-IL. and per Rel-17 specification for refinement based on Rel-17 PS FeType-
I

*  FD basis selection is

o For refinement based on Rel-16 regular <Type-Il: per-layer with Mo, pv, Nz, and R defined per Rel-16
specification

o For refinement based on Rel-17 PS FeType-II: layer-common with M, Ns, and R defined per Rel-17
specification

o FFS: Details on FD basis selection window

Note: The supported value(s) for each of the defined paramters are to be discussed separately (c/e. possibilities of adding new or
removing existing value(s) in addition to those supported by legacy specification).
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Offline proposal 1.3: On the Type-II codebook refinement for CJT mTRP, following legacy (Rel-16 regular eType-II and Rel-17
PS FeType-II), regarding the location of non-zero cocfficients (NZCs) indicated by bitmap (following legacy mechanism), for cach
layer, support separate bitmaps for all N CSL-RS resources

o Total size = XY, B, where B, is the bitmap size for CSI-RS resource 7
o TBD: Whether B, = 2L,M,, (M,,,, = M, for mode 2) analogous to legacy, or further reduction of bitmap
size is supported.
o FFS: Depending on the outcome of other issucs, whether M,,,, = M, or L, = L
e FFS: Per-CSI-RS-resource NNZC (number of NZCs) constraint vs. joint NNZC constraint across N CSI-RS-resources
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On the Type-II codebook refinement for CIT mTRP, down-select from the following TRP selection/determination
schemes (where N is the number of cooperating TRPs assumed in PMI reporting) by RAN1#110bis-c
e Alfl. N is gNB-configured via higher-layer (RRC) signalling
© The N configured TRPs are gNB-configured via higher-layer (RRC) signalling
o Note: only one transmission hypothesis is reported
o Alt2. N is UE-selected and reported as a part of CSI report where N€ { ..., NTRP}
© N is the number of cooperating TRPs, while NTRP is the maximum number of cooperating TRPs
configured by gNB
o Inthis case, the selection of N out of NTRP TRPs is also reported (FFS: exact reporting scheme)
o FFS: Configuration of NTRP TRPs and the value of NTRP, whether explicit or implicit
o Note: only one transmission hypothesis s reported. UE is not mandated to calculate CSI for multiple
transmission hypotheses.
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On the Type-II codebook refinement for CJT mTRP, regarding W2 quantization group and Strongest Coefficient
Indicator (SCI) design, for each layer, down-select one from the following alternatives by RAN1#1 10bis-e:

Altl. One group comprises one polarization across all TRPS/TRP-groups (Caroupshase=l, Crroupams=2), OnC
(common) SCT across all TRPs/TRP groups
Alt2. One group comprises one polarization for one TRP/TRP-group (Corouspmase=Ns Crroupam=2N), per-
TRP/TRP-group SCI

o FFS: Quantization of N strongest coefficients
Alt3. One group comprises one polarization for one TRP/TRP-group with a common phase reference across
TRPS/TRP-groups (Ceroup phase=" , Coroup,amp=2N)

o FFS: SCI, per-TRP/TRP-group vs. one (common) SCI across all TRPs/TRP groups

o FFS: Quantization of N strongest coefficients
Alt4. For a selected TRP/TRP-group, one group comprises one polarization, and for remaining N-1
TRPs/TRP-groups, one group comprises one polarization across remaining N-1 TRPs/TRP-groups
(Coroupamy=2+2=4), with a common phase reference across all of N TRPs/TRP-groups (Csrounshsse=1)

©  FFS: The selected TRP/TRP-group

FFS: The need for “strongest” TRP/TRP-group indicator in addition to SCI(s)




