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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 

UCI Omission
UCI omission refers to the emergency procedure where the UE is allowed to drop portions of the CSI payload due to the insufficient allocated resources. Basically, the content of the CSI payload is grouped according to priority levels and in presence of the UCI omission’s procedure, the UE will start to drop/omit the CSI portions associated with the lowest priority to fit the allocated resources. The Legacy priority calculations is defined as follows:
· 



Priority level definition: If priority levels of two LCCs and are such that Prio(,l2,m2)< Prio(,l1,m1), LCC  has a higher priority over 
· 

Non-zero LC coefficients and bits of bitmap  are prioritized/ordered from high to low priority according to (,l,m) with the same priority function Prio(,l,m)
· The symbols of ,l,m refer to the layer index, SD beam index, & FD index respectively 
· The priority level is calculated as Prio(,l,m)=2L.RI.P(m)+RI.l+  where P(m) maps the index m according to the following order of the corresponding FD components (if selected): 0, N3-1, 1, N3-2, 2, ....
	[112] 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,m,n)=() .N.RI.P(m)+N.RI.l(n)+N.n 
· Note: This implies that CSI-RS resource is designated the highest priority
· Alt2. Prio(,l,m,n)=2L’.Q(n).RI.N3+2L’.RI. P(m)+RI.l(n)+
· 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,m,n) = 2Ltot.RI.P(m)+ RI.+RI.l(n)+
FFS: FD permutation P(.) as Rel-16-analogous, or no permutation i.e. P(m)=m
-Note n refers to the index of the CSI-RS resource




In RAN1#112 [2], three grouping alternatives for the priority criteria were proposed. These criteria try to make the priority sorting of the CSI content per the CSI-RS resource, layer, SD, & FD. The three proposed alternatives [2] perform the priority sorting as follows:
1. Alt1: CSI-RS (highest priority)LayerSDFD (lowest priority). This alternative tries to maintain the operability of the CJT-mTRP by giving the CSI-RS the highest priority. So, it will strive to continue will all the cooperating TRPs being active to serve the corresponding UE. 
2. Alt2: Layer (highest priority)SDFDCSI-RS (lowest priority). This alternative gives the lowest priority to the CSI-RS resource and therefore at least one (or more) of the cooperating TRP might be entirely dropped by the UE in this scenario, however this alternative will maintain the strongest TRPs (associating with SCI & highest NNZC). In addition, this alternative might be favored by the gNB since it can fallback to sTRP due insufficient CSI measurement report for some of the cooperating TRPs.
3. Alt3: Layer (highest priority) SD (indexed over all the CSI-RS resources)  FD (lowest priority). Alt3 is an extension of the legacy as it replaces the SD index l by the aggregate index . This alternative is equivalent Alt1 and will strive to continue will all the cooperating TRPs being active to serve the corresponding UE. 
Based on the SLS results shared during the offline discussion prior to the meeting, it is observed that the performance gain difference between Alt1/Alt3 and Alt1 is very minor to favor one over the other. In addition, between Alt1 and Alt3, we prefer Alt3.
Observation 1: The performance gain difference between Alt1/Alt3 and Alt2 is very minor to favor one over the other.
Proposal 1: Support both Alt3 & Alt2 for the UCI Omission

Parameter Combination Linkage for Rel-18 Type II 
The agreement in RAN1#112 [2], includes a total of 96 SD-FD combinations: 16 options for SD combinations & 6 options for FD combinations. The total number of SD-FD combinations is relatively very large (compared to the legacy). The agreement includes an FFS item to decide the supported pairs among these 96 SD-FD combinations. Below we summarize our position and observations regarding the optimization of SD-FD combinations.
· [bookmark: _Hlk131683254]For NTRP =1, keep the legacy combination of (Ln, β, pv) combinations since legacy values have already been optimized.
Proposal 2: Support the legacy combinations of (Ln, β, pv) for NTRP =1 

	NTRP
	SD combo
	FD combo {pv},

	
	
	{1/8, 1/8, 1/16, 1/16}, ¼
	{1/8, 1/8, 1/16, 1/16}, ½
	{1/4, 1/4, 1/8, 1/8}, ¼
	{1/4, 1/4, 1/8, 1/8}, ½
	{1/4, 1/4, 1/4, 1/4}, ¾
	{1/2, 1/2, 1/2, 1/2}, ½
	{1/2, 1/2, 1/4, 1/4}, ½

	1
	2
	
	
	Y
	Y
	
	
	

	
	4
	
	
	Y
	Y
	Y
	
	Y

	
	6 w/ restriction
	
	
	
	Y
	Y
	
	



· For NTRP>1, the companies shared their initial SLS simulation results during the offline discussions:
a. The results from SAM, ZTE, & Huawei show that SD combo with (Ln = 4, n=1:NTRP i.e. {4,4} for NTRP =2, {4,4,4} for NTRP =3, & {4,4,4,4} for NTRP =4) seem to generally outperform the rest of SD combo (for NTRP =2 & NTRP =3).
b. In Nokia SLS results, it is observed that the cell edge performance for the combination ({2,2,4} ,{2,4,2},{4,2,2}) is generally outperform the combination {4,4,4} 
c. The behavior difference can be attributed to the simulation setup for gNB-configuration (via higher-layer RRC signaling) of NL ∈ {1,2,4} combinations. 
· We do not see a need to add Ln=6 for NTRP>1 since it increases the UE complexity and the high resolution SD (Ln=6) may not be needed to achieve the desired gain for CJT-mTRP scenario.

The FL presented Proposal 1.C.1 based on the shared SLS results during the offline discussion. We are fine with proposal 1.C.1 and we can support it.
  
Observation 2: Many of the shared SLS results show that the SD combo with (Ln = 4, n=1:NTRP i.e. {4,4} for NTRP =2, {4,4,4} for NTRP =3, & {4,4,4,4} for NTRP =4) seem to generally outperform the rest of SD combo.
Observation 3: Some of the shared SLS results show that the cell edge performance for the combination ({2,2,4} ,{2,4,2},{4,2,2}) is generally outperform the combination {4,4,4}.
Observation 4: The behavior difference between observation 2 & 3 can be attributed to the simulation setup for gNB-configuration (via higher-layer RRC signaling) of NL ∈ {1,2,4} combinations.
Proposal 3: For the Parameter Combination of Type-II codebook refinement, no need to add Ln=6 for NTRP>1.
Proposal 4: Support offline proposal 1.C.1 for Parameter Combination of Type-II codebook refinement for CJT mTRP.








	Proposal 1.C.1: On the Parameter Combination of Type-II codebook refinement for CJT mTRP, only the following linkages are supported (marked ‘x’)
· For NTRP =1, 
· For Rel-16 eType-II based: fully reuse seven out of the eight Parameter Combinations from Rel-16 eType-II as indicated in the table below
· FFS (by RAN1#112bis-e): whether to add one more Parameter Combination for L=4 based on the legacy Rel-16 eType-II FD combo {½, ½, ¼, ¼; ½} or the agreed FD combo {½, ½, ½, ½; ½}, or not to add from the indicated seven below
· For Rel-17 FeType-II based, fully reuse the eight Parameter Combinations from Rel-16 eType-II
· For NTRP >1, only the following linkages are supported (marked ‘x’)

	NTRP
	SD combo
	FD combo {pv},

	
	
	{1/8, 1/8, 1/16, 1/16}, ¼
	{1/8, 1/8, 1/16, 1/16}, ½ 
	{1/4, 1/4, 1/8, 1/8}, ¼ 
	{1/4, 1/4, 1/8, 1/8}, ½ 
	{1/4, 1/4, 1/4, 1/4}, ¾ 
	{1/2, 1/2, 1/2, 1/2}, ½ 

	1
	2
	
	
	X
	X 
	
	

	
	4
	
	
	X 
	X 
	X 
	

	
	6  w restriction
	
	
	
	X 
	X 
	

	2
	{2,2}
	x
	
	
	
	
	 

	
	{2,4}
{4,2}
	x
	
	
	
	
	 
 

	
	{4,4}
	
	x
	 
	x
	
	x

	3
	{2,2,2}
	x
	x
	
	
	
	 

	
	{2,2,4} 
{2,4,2}
{4,2,2}
	x
	x
	 
 
 
	x
	
	 
 
 

	
	{4,4,4}
	x
	x
	 x
	x
	x
	x

	4
	{2,2,2,2}
	x
	
	
	
	
	N/A

	
	{2,2,2,4} 
	x
	
	
	
	
	N/A

	
	{2,2,4,4} 
	 
	
	 
	x
	x
	N/A

	
	{4,4,4,4}
	 
	x
	 
	 x
	x
	N/A












Offset Selection for FD Basis

[image: ]

Based on the agreement in RAN1#112 [2], it was agreed to down select only one from two 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.  

[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.

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 offers more flexibility with higher resolution of FD basis and offset.

From our perspective, we support Alt1 (1st preference) and Alt2 (2nd preference). 

Observation 5: Alt1 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 6: Alt2 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 5: Support both Alt1 (1st preference) & Alt2 (2nd preference) for the FD Basis and Offset Selections in RAN1#112

Conclusion
In this contribution, we propose and observe the following:
Proposal 1: Support both Alt3 & Alt2 for the UCI Omission
Proposal 2: Proposal 2: Support the legacy combinations of (Ln, β, pv) for NTRP =1 
Proposal 3: Proposal 3: For the Parameter Combination of Type-II codebook refinement, no need to add Ln=6 for NTRP>1.
Proposal 4: Support offline proposal 1.C.1 for Parameter Combination of Type-II codebook refinement for CJT mTRP 
Proposal 5: Support both Alt1 (1st preference) & Alt2 (2nd preference) for the FD Basis and Offset Selections in RAN1#112

Observation 1: The performance gain difference between Alt1/Alt3 and Alt2 is very minor to favor one over the other.
Observation 2: Many of the shared SLS results show that the SD combo with (Ln = 4, n=1:NTRP i.e. {4,4} for NTRP =2, {4,4,4} for NTRP =3, & {4,4,4,4} for NTRP =4) seem to generally outperform the rest of SD combo.
Observation 3: Some of the shared SLS results show that the cell edge performance for the combination ({2,2,4} ,{2,4,2},{4,2,2}) is generally outperform the combination {4,4,4}.
Observation 4: The behavior difference between observation 2 & 3 can be attributed to the simulation setup for gNB-configuration (via higher-layer RRC signaling) of NL ∈ {1,2,4} combinations.
Observation 5: Alt1 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 6: Alt2 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.
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On the Type-II codebook refinement for CJT mTRP, for mode-1, down select (in 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.

2 2
o Example formulation: Wy, = diag([l o’ on ....e’ﬂ'"”lw"] )W where ¢, is the FD basis

selection offset for CSI-RS resource 7 relative to a reference CSI-RS resource 7 with ¢@; = 0, and
w, is commonly selected across N CSI-RS resources
o Alt2. Wi, 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 (My/py or M) is gNB-configured via higher-
layer signaling and common across the N CSI-RS resources




