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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 

Ln Determination Scheme
In RAN1#110bise-e [3], four alternatives were proposed for the for the number of SD basis selection per CSIRS resource (shown below):
1. In Alt1, the gNB sends an RRC configuration parameters {Ln, n=1, ..., N} per CSI-RS resource to the UE. This alternative restricts the UE by the gNB resource configured values of . Since the gNB sends Ln per CSI-RS resource, this alternative is expected to lead to a relatively higher overhead. 
2. In Alt2, the gNB send an RRC configuration parameter Ltot where  and the relative value(s) of {Ln, n=1, ..., N} are reported explicitly or implicitly by the UE. This alternative constrains the UE by the pre-determined/fixed values ‘s associated with , therefore it won’t give the UE the flexibility to optimize the SD selection
3. In Alt3, the gNB send the RRC configuration parameter L and {Ln, n=1, ..., N} values are determined from the value of L. How to determine {Ln, n=1, ..., N} will be discussed later.
4. In Alt4, the gNB send the RRC configuration parameter Lmax such that  and the relative value(s) of {Ln, n=1, ..., N} are reported explicitly or implicitly by the UE by the UE. Alt4 can be viewed as is an adaptive scheme since  does not need to be associated with predefined combinations but on max of the aggregate value of  .  This will give the gNB the tool to control overhead and gives the UE the flexibility to decide SD basis without predefining the combinations of . The determination of  can rely on the L1-RSRP from the CSI measurements and minimize the need of additional parameters to be reported from the UE.

Observation 1: Alt1 restricts the UE by the gNB resource configured values of  per CSI-RS resource

Observation 2: Alt2 constrains the UE by the pre-determined/fixed values  associated with  such that  and does not give the UE the flexibility to optimize the SD selection

Observation 3: Alt4 is an adaptive scheme since  does not need to be associated with predefined combinations but on max of the aggregate value of  .  This will give the gNB the tool to control overhead and gives the UE the flexibility to decide SD basis without predefining the combinations of .

Proposal 1: Support the upper bound threshold  for or the SD basis selection per CSI-RS resource
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Offline Discussions
In RAN1#110bise-e, the following agreement has been made regarding the parameters of the codebook [2]. 
[image: ]
 
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]Our position regarding the outcomes of the offline discussion is addressed below. 

Rel-18 Type-II Codebook Parameters: R, , pv, & 2NN1N2

[image: ]
 
· The parameter R can potentially be used to mitigate the channel selectivity by associating more than FD components with each subband. However, this may increase the complexity of the UE. In addition, other parameters ( & pv) may be more efficient to alleviate the channel selectivity. We will wait the SLS performance evaluations from the companies and decide our position.

· 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 2: Support adding new values of ( & pv) to further optimize the performance of Rel-18 Type-II codebook and reduce overhead
  
· In RAN1#110 [3], it was agreed that CMR comprises K> 1 NZP CSI-RS resources (see below). In distributed CJT scenarios, having 32 as a maximum number of ports might be adequate. However, in co-located CJT scenario, it might be more efficient to extend the maximum number of ports to 128 or 64 and share the CSI resource between more than one cooperating TRP. Therefore, we are open to extend the maximum number to 128 or 64.  
Proposal 3: Support extension of number of NZP CSI-RS ports per CSI-RS resource to optimize the performance of Rel-18 Type-II codebook
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Amplitude Scaling & FD Basis Offset
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· All companies agreed that co-scaling is not needed for Rel-18 Type-II codebook since it is accounted in W2 quantization. 
Proposal 4: No need for the co-scaling in Rel-18 Type-II codebook since it is accounted in W2 quantization.

· In Rel-18 Type-II codebook Mode-1, the FD basis for each TRP/TRP group (port-group or resource) is selected independently. Based on the agreement from RAN1#110, “Striving for the two modes to share commonality in detailed designs such as parameter combinations, basis selection, TRP (group) selection, reference amplitude, W2 quantization schemes”, the offline proposal 1.D.2 propose three alternatives for the offset of FD Basis in order to increase the overlapping between Mode-1 & Mode-2 of Rel-18 Type-II codebook:
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 
2. In Alt2, FD basis are selected per CSI-RS resource and there is no offset scaling. There is no change between this Alternative and what was agreed in RAN1#110 for Mode-1 of Type-II codebook  
3. Alt3 provides an individual offset for each per CSI-RS FD basis. Alt3 may increase the overhead due to the additional offset parameters per CSI-RS resource. 

Observation 4: Alt3 may increase the overhead due to the additional offset parameters per CSI-RS resource.

Proposal 5: Support Alt1 for FD offset, common FD basis selection across all the CSI-RS resources scaled with per CSI-RS resource offset

Conclusion
In this contribution, we propose and observe the following:
Proposal 1: Support the upper bound threshold  for or the SD basis selection per CSI-RS resource
Proposal 2: Support adding new values of ( & pv) to further optimize the performance of Rel-18 Type-II codebook and reduce overhead
Proposal 3: Support extension of number of NZP CSI-RS ports per CSI-RS resource to optimize the performance of Rel-18 Type-II codebook
Proposal 4: No need for the co-scaling in Rel-18 Type-II codebook since it is accounted in W2 quantization
Proposal 5: Support Alt1 for FD offset, common FD basis selection across all the CSI-RS resources scaled with per CSI-RS resource offset
Observation 1: Alt1 restricts the UE by the gNB resource configured values of  per CSI-RS resource
Observation 2: Alt2 constrains the UE by the pre-determined/fixed values  associated with  such that  and does not give the UE the flexibility to optimize the SD selection
Observation 3: Alt4 is an adaptive scheme since  does not need to be associated with predefined combinations but on max of the aggregate value of  .  This will give the gNB the tool to control overhead and gives the UE the flexibility to decide SD basis without predefining the combinations of .
Observation 4: Alt3 for the FD offset may increase the overhead due to the additional offset parameters per CSI-RS resource.
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On the SD basis selection for Type-II codebook refinement for CJT mTRP, on the L parameter, down select from the
following alternatives (by RAN1#111):

Altl. Each of the {L,, n=1, ..., N} is gNB-configured via higher-layer (RRC) signaling
o FFS: The candidate values for Ly, e.g. follow the legacy specification
Al2. L, = z}:ﬂ-,‘ where L is gNB-configured via higher-layer (RRC) signaling and the relative value(s)
of {Ln, n=1, ..., N} are reported by the UE
o TBD: Whether for a given configured value of L, the possible combinations of {L,, n=1, ..., N} are
fixed/pre-determined or gNB-configured via higher-layer (RRC) signaling
o TBD: Whether the value(s) of {L,, n=1, ..., N} are reported implicitly or explicitly, and whether some
value(s) don’t need to be reported
o FFS: The candidate values for Ln
Alt3. An L parameter is gNB-configured via higher-layer (RRC) signaling and {L,, n=1, ..., N} are determined
from the value of L
o TBD: How to determine {L,, n=1, ..., N} from L, e.g. L1=L and other L,=L/2
o FFS: The candidate values for L
Alt4. Lyg is gNB-configured via higher-layer (RRC) signaling and the relative value(s) of {Ln, n=1, ..., N} are
reported by the UE
o The relative value(s) of {Ln, n=1, ..., N} are reported by the UE, such that E,K 1Ly S Loy
o TBD: Whether the value(s) of {Ln‘ n=1, ..., N} are reported implicitly or explicitly, and whether some
value(s) don’t need to be reported
o FFS: The candidate values for Ln
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On the Type-II codebook refinement for CJT mTRP, regarding the codebook parameters, for a given CSI-RS resource,
the supported value(s) of the following parameters follow the legacy (Rel-16 regular eType-II and Rel-17 PS FeType-
1I) specification:

e Ni,N2, N3, 01,0

® M (only for design based on Rel-17 PS FeType-II)
For the following parameters, decide in RAN1#111 whether the supported value(s) follow the legacy (Rel-16 regular
eType-1I and Rel-17 PS FeType-II) specification or further refinement is needed:

e R:including, e.g. supporting only R=1, or supporting larger R values

o My/py (Rel-16 regular eType-II): including, ejg. supporting smaller py values such as {1/8, 1/4, 1/2} for v=1,2

and/or removing larger legacy value(s)

e [ including, e.g. supporting smaller values such as {1/16, 1/8, 3/8}
Note: The outcome of Parameter Combination discussion will further restrict the supported combinations of parameter
value(s)
FFS: For N>1, whether the maximum 2N1V: (identical to the number of CSI-RS ports used for CMR) is limited to 32
just as in legacy specification
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Offline conclusion 1.C.1: On the Type-II codebook refinement for CJT mTRP, regarding the codebook
parameter R, there is no consensus on changing the supported value(s) from the legacy specification.

Offline proposal 1.C.2: On the Type-II codebook refinement for CJT mTRP, regarding the codebook parameter
3, introduce as a candidate value #= 1/8 in addition to the supported value(s) from the legacy specification.
e  FFS (by RANI1#111): whether additional value 1 can also be added

Offline proposal 1.C.3: On the Type-II codebook refinement for CJT mTRP, regarding the codebook parameter
v, in addition to the supported value(s) from the legacy specification for Rel-16 regular eType-II codebook,
introduce as a candidate value

e pv=1/8 for v=1,2 (hence 1/16 for v=3,4)
FFS (by RAN1#111): whether additional value py = 1/2 for v=1,2,3,4 can also be added

Offline conclusion 1.C.4: On the Type-II codebook refinement for CJT mTRP:
e Following the legacy specification on the maximum number of NZP CSI-RS ports per CSI-RS resource,
the maximum value of 2N1N2 is 32.
o There is no consensus on further restricting the maximum value of 2NN1 V2 (other than the implied value
of 128 from the maximum N value of 4)
o Note: UE capability on the maximum value of 2NN1N2 will be discussed separately, with the
legacy basic feature as a starting point for the basic feature of Rel-18 Type-II CJT codebook
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For the Rel-18 Type-II codebook refinement for CJT mTRP with Nzzz>1 TRP/TRP-groups, the following is supported:
o The CMR comprises K>1 NZP CSI-RS resources, where one resource corresponds to one TRP/TRP-group (i.e.
K=Nzs)
©  Each of the CSI-RS resources has a same number of CSI-RS ports
o Note: The terms TRP and TRP-group are used for discussion purposes only (no spec impact is implied).
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Offline conclusion 1.D: On the Type-II codebook refinement for CJT mTRP, for mode-1 and mode-2, there is no
consensus on introducing additional/explicit per-CSI-RS-resource amplitude scaling and/or co-phase (with
separate alphabet set(s)) as additional PMI component(s).

Note: This conclusion has no impact on the Working Assumption reached in RAN1#110bis-e regarding
‘W2 quantization group

Offline proposal 1.D.2: On the Type-II codebook refinement for CIT mTRP, for mode-1, study and down select
(no later than RAN1#112) only one from the following schemes:

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.

) Eff,f’;(lvrl)«zn]

o
o Example formulation: Wy, = diag([l W, )W where ¢, is the FD basis

selection offset for CSI-RS resource » relative to a reference CSI-RS resource 7i with ¢; = 0,
and W is commonly selected across N CSI-RS resources from a gNB-configured set of FD
basis candidates
Alt2. Wy, independently selected across N CSI-RS resources from a gNB-configured set of FD basis
candidates (without any per-CSI-RS-resource FD basis selection offset)
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.

)Wf,n where ¢, is the FD

basis selection offset for CSI-RS resource # relative to a reference CSI-RS resource fi with
@5 = 0,and ’va" is independently selected across N CSI-RS resources from a gNB-configured
set of FD basis candidates.

: ; aen JRENs=1)gn
o Example formulation: Wy, = dlag([l e Nt e'Na ]





