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Introduction
In RAN#94-e [1], it was agreed to study, and, if applicable, specify CSI enhancements for CJT under FR1, CSI reporting enhancements for high mobility, in addition to time-domain channel property reporting enhancements. In this contribution we provide our views on different aspects of these three issues.
CSI enhancement for coherent joint transmission
In RAN1#112 [2], the following was agreed for CSI enhancements for CJT under MIMO 
	[bookmark: _Hlk118300270]Conclusion: 
On the Parameter Combination of Type-II codebook refinement for CJT mTRP, there is no consensus on adding a new (not previously agreed) codebook parameter, as well as replacing the legacy parameter L with a new (not previously agreed) parameter.
· Note: Since dynamic {Ln} selection was agreed, this implies that the list of supported {Ln} combinations will be discussed separately from the list of supported {pv, b} combinations
· FFS: Whether/how the list of supported {Ln} combinations can be linked with the list of supported {pv, b} combinations without introducing a new (not previously agreed) codebook parameter, e.g. via some UE capability 

Agreement
On the Type-II codebook refinement for CJT mTRP, only support NL ={2,4} as additional candidate values to NL=1.
· FFS: Additional restriction(s) depending on the configured value for NTRP

Agreement
On the Type-II codebook refinement for CJT mTRP, for Rel-16-based refinement, support at least the following combinations of {Ln} for the higher-layer-configured value of NTRP (FFS by RAN1#112: whether the bracketed permutations are also supported):
· FFS by RAN1#112: whether other combinations can be supported
FFS (by RAN1#112bis-e): Whether/how the supported combinations of {an} for Rel-17-based refinement are derived from the supported combinations of {Ln} for Rel-16-based refinement 
FFS: Whether the total number of Ln is a UE capability

	[bookmark: _Hlk128062296]NTRP
	{Ln} combination

	[bookmark: _Hlk128062270]1
	{2}

	
	{4}

	
	{6} (analogous to legacy, only for total # ports =32, rank 1-2, R=1

	2
	{2,2}

	
	{2,4}, [{4,2}]

	
	{4,4}

	3
	{2,2,2}

	
	{2,2,4} [and its other permutations]

	
	{4,4,4}

	4
	{2,2,2,2}

	
	{2,2,2,4} [and its other permutations]

	
	{2,2,4,4} [and its other permutations]

	
	{4,4,4,4}



Agreement
On the Type-II codebook refinement for CJT mTRP, for Rel-16-based refinement, support at least the following combinations of {pv,b} from where the value of {pv,b} is gNB-configured via higher-layer (RRC) signaling:
· FFS by RAN1#112: whether other combinations can be supported
FFS (by RAN1#112bis-e): Whether/how the supported combinations of {M} for Rel-17-based refinement are derived from the supported combinations of {pv ,b} for Rel-16-based refinement 

	[bookmark: _Hlk128065209]pv for layers 1-4
	
	Condition(s) 

	{1/8, 1/8, 1/16, 1/16}
 
	¼ 
	--

	
	½ 
	--

	{1/4, 1/4, 1/8, 1/8}
	¼ (*)
	--

	
	½ (*)
	--

	{1/4, 1/4, 1/4, 1/4}
	¾ (*) 
	--

	{1/2, 1/2, 1/2, 1/2}
	½ 
	- Only applicable when NTRP≤3 and NL=1
- Optional


(*) Supported by legacy Rel-16 

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

Agreement
On the Type-II codebook refinement for CJT mTRP, regarding CBSR, at least for restricting SD basis selection, the legacy CBSR scheme is fully reused for each of the RRC-configured NTRP CSI-RS resources (resulting in CSI-RS-resource-specific SD beam group restriction)
· FFS: Whether amplitude restriction is CSI-RS-resource-common or specific, and soft vs hard restriction
· FFS: Whether CBSR can be configured to be off for a CSI-RS resource
The same rank restriction is applied across NTRP CSI-RS resources

Agreement
On the Type-II codebook refinement for CJT mTRP, for Rel-16-based refinement, regarding the list of supported combinations of {Ln}, only support the following additional combinations:

	NTRP
	{Ln} combination

	2
	{4,2}

	3
	{2,4,2}, {4,2,2}


No other permutations are supported.

Agreement
On the Parameter Combination of Type-II codebook refinement for CJT mTRP, support linkage between the list of supported {Ln} combinations and list of supported {pv,b} combinations via pairing each combination for {pv,b} with at least one combination for {Ln}, for each NTRP value.
· FFS (by RAN1#112bis-e): The exact list of supported pairs/linkage, or restriction of {Ln} when paired to each of {pv,b}
· FFS (by RAN1#112bis-e): Whether/How to support configuration signalling for indicating the linkage
· Note: While no additional codebook parameter will be introduced, the total number of SD basis vectors across CSI-RS resources can still be used as a criterion for choosing the supported pairs/linkage

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.



In the remainder of this section, we provide our views on codebook CSI enhancement for CJT, based on the agreements and discussions in the previous Rel-18 RAN WG1 meetings.
Codebook design
One aspect of potential Rel-18 CJT codebook design is reporting the total number of non-zero coefficients. In our opinion, two alternatives exist:
· Alt1. Reporting the total number of non-zero coefficients across all TRPs in Part 1 of the CSI report, whereas the number of non-zero coefficients per TRP can be derived from the per TRP coefficients bitmap.
· Alt2. Reporting the number of non-zero coefficients per TRP separately in the CSI report. 
· FFS: whether/how the multiple indicators of the number of non-zero coefficients are reported across the two parts of the CSI report 
While Alt1 may result in less overall CSI feedback overhead, Alt2 has the advantage of having straightforward mapping between the reported number of non-zero coefficients and the respective PMI. Further study and down selection of both alternatives is needed. 
Discuss whether/how the number of non-zero coefficients is reported in the CSI report, e.g., separately for each TRP or jointly for all TRPs
In RAN1 #112, beam number combinations of  were agreed for respective of NTRP. For , whether to support at least one additional combination where  for at least one of . If  is introduced, the total number of beam combinations will remarkably increase, leading to more computations required at the UE side to identify the best beam combination, and possibly leading to an increase in the CSI feedback overhead corresponding to the coefficients and the bitmaps indicating the non-zero coefficient indices. Therefore, our preference is not to support Ln combinations comprising a value 6.
Do not support beam number combinations comprising Ln with value 6
[bookmark: _Hlk131526128][bookmark: _Hlk131526282]In RAN1 #112, it was agreed to support linking the list of supported  combinations with the list of supported  combinations via pairing each combination value of  with at least one combination for , for each NTRP value, where the coupling between values of  combinations and  combinations is still under study. For , the Rel-16 eType-II CB legacy combinations of L with  can be reused, which include , however, for , the total number of supported linked combinations between  and  should be limited to avoid increasing the overall codebook parameter variations, leading to complicating the codebook design and implementation. Our preference is to limit the maximum number of linked combinations, such that no more than two pairs of combination values  are coupled with each  combination. For signalling indication, two separate RRC signalling parameters, can be used to indicate the  and  combinations, where only the valid/specified linkages of  and  are expected to be configured.
Limit the number of linked combination pairs between  and  such that no more than two combination pairs of  are linked with an  combination
In RAN1 #110 [3], it was also agreed that two modes are supported for Rel-18 Type-II codebook for CJT corresponding to whether a common FD basis transformation matrix is supported for the selected N TRPs in CJT. Furthermore, in RAN1 #112, two alternatives were down selected for the basis vectors of CJT codebook for CJT Mode 1, as follows:
· 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)
Note that Mode 1 is designed for inter-site scenarios in which the channel is expected to be frequency selective corresponding to distributed TRPs, whereas Mode 2 is designed for co-located CJT in which the different TRPs incur similar frequency selectivity, and hence the same FD basis can be used. Clearly, Alt1 resembles Mode 2 design since the N TRPs share a common FD basis matrix with a per-TRP offset. On the other hand, Alt2 allocates an independent FD basis transformation matrix, , for each TRP n, which provides the most freedom for FD basis selection per TRP. We therefore support Alt2.        
Support Alt2 for CJT FD basis selection with independent FD basis selection per TRP for Mode 1 of CJT codebook 

Quantization scheme of the non-zero coefficients
In RAN1 #110bis [4], Alt1 was agreed for W2 quantization group, whereas Alt3 was set as a working assumption that is to be confirmed in RAN1#111 [5]. For Alt3, one group comprises one polarization for one CSI-RS resource with a common phase reference across N CSI-RS resources . The precision for amplitude quantization is improved by quantization per TRP, which can be useful for inter-site CJT scenario where large RSRP difference may exist between TRPs. Moreover, supporting 2N amplitude coefficient groups helps ensure that at least one non-zero coefficient is reported per TRP per polarization, which avoids power amplifier inefficiencies that may be caused if no non-zero coefficient is selected for a given polarization per TRP. Therefore, we support confirming the work assumption Alt3.
Confirm the working assumption Alt3 for W2 quantization group and strongest coefficient indicator design
For Alt3, for each of the  amplitude groups (not including the group associated with the SCI), the reference amplitude is reported. Here, one amplitude group may correspond to one polarization of a TRP/TRP group. For the reference amplitude reporting, differential quantization can be used between the reference amplitude for one amplitude group and the largest reference amplitude across all amplitude groups, where the amplitude coefficient of the largest reference amplitude across all amplitude groups is set to ‘1’. The Rel-16 eType-II reference amplitude quantization for parameter provided in Clause 5.2.2.5 of 3GPP TS 38.214 [6], can be reused for differential quantization of reference amplitude of one amplitude group since amplitude groups are defined corresponding to both TRP and polarization. Due to the larger number of reference amplitude values, a reduction in the quantization resolution of the 2N–1 reference amplitude values should be further studied      
Reuse Rel-16 eType-II reference amplitude quantization for differential quantization of the strongest coefficients for each polarization per TRP
· FFS: whether the number of reference amplitude quantization bits can be reduced

NZC bitmap design
For CJT codebook design, the CSI feedback overhead corresponding to reporting the bitmap for indicating the locations of the non-zero coefficients is expected to be proportional with the number of TRPs, N. In RAN1#111, it was agreed to support the legacy bitmap design  (where  for Mode 2), whereas further enhancements to reduce the CSI feedback overhead corresponding to bitmap reporting is to be further discussed. While one advantage of the legacy design is its straightforward design based on the eType-II and FeType-II codebooks, it may not be efficient for scenarios with a sparse number of ones in the bitmaps, e.g., at smaller  values. In our understanding, one enhancement for the legacy bitmap design at large N values is to report only a subset of the  bitmap corresponding to each TRP. For instance, assume CJT with Mode 2, with N=2, L1=L2=4, and M=4. Under Alt1, the bitmap overhead is 64 bits. For ease of exposition, we consider the following example: 

Based on the example above, only two and three columns of B1, B2, respectively, comprise one-valued entries. If the UE can indicate the column indices with at least one non-zero entry for each bitmap, e.g., via two length-4 bitmaps for both CSI-RS resources, e.g., , and , the overhead corresponding to the two bitmaps B1, B2 can be reduced by reporting two reduced bitmaps , , as follows

Note that the total UCI overhead corresponding to the bitmaps b1, b2,  and  is 48 bits, which is a 25% reduction of the CSI overhead corresponding to reporting legacy B1, B2 bitmaps. Note that the same idea can be applied to bitmap rows corresponding to spatial beams. We therefore have the following proposal
For CJT codebook design with , support a two-stage bitmap design, where a first stage bitmap for each CSI-RS resource indicates the indices of rows and/or columns with at least one non-zero coefficient, and a second stage bitmap whose size is based on the indicated rows and/or columns in the first stage bitmap per CSI-RS resource  

Codebook Subset Restriction for CJT
Codebook Subset Restriction (CBSR) has been supported for Type-I and Type-II CB types for controlling inter-cell interference levels. In legacy codebooks, two different CBSR designs have been specified:
· Hard CBSR: a size N1N2O1O2 bitmap, corresponding to all beam candidates across all possible oversampling indices, is used to indicate the restricted beam, where a value ‘1’ in an entry of the bitmap implies that a given beam with a given oversampling index is fully restricted, i.e., cannot be selected as a beam of the codebook. Hard CBSR is supported for all Type-I CBs
· Soft CBSR: The N1N2O1O2 possible beams are partitioned to O1O2 beam groups of size N1N2 each, where a maximum of 4 of the O1O2 beam groups are restricted. For each of the 4N1N2 beams across the 4 beam groups, 2 bits are allocated per beam to indicate one of the following 4 possible amplitude thresholds for the beam, , i.e., -3dB step size per restriction value in power domain. Hence, 8N1N2 bits are required to report the amplitude restrictions. Soft CBSR is applied to all Type-II CBs, and is optionally applicable to Type-I CB for NCJT.
In our opinion, Soft CBSR is more efficient compared with Hard CBSR due to the flexible restriction in addition to the less signaling overhead compared with hard CBSR for . Also, since CJT CB is Type-II, it is preferred to support soft CBSR for CJT Type-II CB for consistency. Moreover, since the CJT CB is reported in a transformed frequency domain, the CBSR metric function based on the average beam gain can also be reused
For CJT Type-II CB, reuse Soft CBSR mechanism on average gain of the candidate restricted beam  
One other important aspect of CBSR for CJT is whether CBSR is applied separately to each TRP, or jointly for all TRPs. Since CBSR is intended to reduce the interference from the TRP side, it is reasonable to independently apply CBSR to each TRP, similar to Rel-17 NCJT CBSR mechanism.  However, for CJT, it is possible that all TRPs are co-located in one node, e.g., intra-site CJT deployment, and under this setup the likelihood that a given beam index would have the same spatial signature across the different TRPs, and hence a common CBSR can be applied. One way to balance this tradeoff is to support a per-TRP CBSR for CJT Mode 1, where an independent FD basis is associated with each TRP, which is more likely associated with an inter-site CJT design. On the other hand, For CJT Mode 2 with a common FD basis associated with all TRPs, a common CBSR for all TRPs can be applied, since this design is more likely associated with an intra-site CJT design.
For CJT Mode 1, separate CBSR mechanisms are configured for different candidate TRPs, whereas for CJT Mode 2, a common CBSR mechanism is configured for all candidate TRPs  

Mapping order of coefficients for UCI omission
For CJT-based CSI report, the CSI report fields may include CSI for up to N = 4 TRPs. The potential CSI report may include a distinct CSI Part 1 and CSI Part 2 for each TRP or a joint CSI Part 1 and CSI Part 2 for the cooperative TRPs, with each jointly designed CSI part comprising jointly encoded parameters across TRPs, e.g., joint basis selection and/or number of non-zero coefficients reporting. For CSI Part 1, it may possibly include fields corresponding to RI, CQI, total number of non-zero coefficients across layers, selection of N out of NTRP CSI-RS resources, and selected combinations of values for {L1, ..., LNTRP} for SD basis selection. For CSI Part 2, it may include PMI for multiple cooperative TRPs, where some PMI parameters may be separately or jointly determined for multiple cooperative TRPs for codebook Mode 1 and Mode 2, respectively. The mapping order of the CSI fields corresponding to CJT-based CSI reporting should be carefully designed, given that some fields may exist for multiple cooperative TRPs. For instance, the mapping order of CSI fields may be based on concatenating N groups of bit sequences, each group comprising the CSI fields corresponding to a given TRP. Alternatively, the CSI fields may be grouped by concatenating different groups corresponding to different CSI report quantities, with each CSI report quantity comprising parameters that are ordered with respect to the TRP index.
Study the mapping order of CSI fields corresponding to CJT-based CSI reporting.
In RAN1 #112, it was agreed to down select from 3 alternatives for UCI omission with the Type-II codebook refinement for CJT, as follows:
· Alt1. Prio(l,l,m,n)=() .N.RI.P(m)+N.RI.l(n)+N.l+n 
· Alt2. Prio(l,l,m,n)=2L’.Qn).RI.N3+2L’.RI. P(m)+RI.l(n)+l
· 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
Alt1 is a straightforward extension of the coefficient priority function used for Rel-16 eType-II CB, with the lowest priority corresponding to the TRP index. In Alt2, the lowest priority corresponds to the layer index, and hence a UCI omission process is less likely to reduce the overall rank RI for Alt2. Moreover, Alt2 has one advantage of Alt1 in which the TRP associated with the SCI can be associated with a higher priority. In Alt3, the SD basis index l is transformed to a composite metric involving a beam index per TRP, which in our opinion complicates the design without clear justification. Considering that, our preference is to support Alt2.   
Support Alt2 for coefficient priority function
[bookmark: _Hlk131540468]Moreover, we support using two permutation functions P(m) and Q(n) for FD basis and TRP index, respectively, where P(m) follows the legacy Rel-16 eType-II FD basis permutation, and Q(n) allocates the highest priority to the TRP index associated with the SCI.
Reuse Rel-16 eType-II FD basis index permutation function P(m), and use permutation function Q(n) to allocate the highest priority to the TRP index associated with the SCI
CSI enhancement for high/medium UE velocities
In RAN1#112 [2], the following, was agreed for CSI enhancements for high/medium velocities:

	[bookmark: _Hlk114746969]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

Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, on the  quantization scheme when N4>1, reuse the following components of the legacy per-coefficient quantization scheme: 
· Alphabets for amplitude and phase
· Quantization of phase and quantization of differential amplitude relative to a reference, reference amplitude (with SCI determining the location of one reference amplitude), where the reference is defined for each layer and each “group” of coefficients 

Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, on the  quantization scheme when N4>1, for each layer:
· One (common) SCI (Strongest Coefficient Indicator) applies across all Q selected DD basis vectors
· One group comprises one polarization across all Q selected DD basis vectors (Cgroup,phase=1, Cgroup,amp=2)
· For the amplitude group other than the group associated with the SCI, the reference amplitude is reported

Conclusion
For the Type-II codebook refinement for high/medium velocities, for N4>1, regarding the parameter Q, there is no consensus in supporting additional candidate values.

Agreement
For the Type-II codebook refinement for high/medium velocities, regarding the parameter K (the number of AP-CSI-RS resources for the CMR), optionally support only K=12 as an additional candidate value.

Agreement
For the Type-II codebook refinement for high/medium velocities, regarding the parameter δ (in slots), in addition to 0 and 2, δ=1 is additionally supported.

Conclusion
For the Type-II codebook refinement for high/medium velocities, regarding the parameter N4 (length of DFT vector, unit-less), there is no consensus in supporting additional candidate values.

Agreement
For the Type-II codebook refinement for high/medium velocities, regarding the parameter d (in slots), 
· for P/SP-CSI-RS, support d equal to the periodicity of the CSI-RS resource 
· for AP-CSI-RS, also support d =1

Conclusion
On the Parameter Combination of Type-II codebook refinement for high/medium velocities, there is no consensus on including another non-UCI Doppler codebook parameter as a variable in the list of supported Parameter Combinations.
· Note: This implies that other non-UCI Doppler codebook parameters will be a part of RRC configuration (either explicit or implicit)

Agreement
For the Type-II codebook refinement for high/medium velocities, 
· The constraint on the maximum number of non-zero coefficients (NZCs) per-layer (K0) is defined jointly across all Q DD basis vectors.
· FFS: How K0 is calculated
· Also support a constraint on the total number of non-zero coefficients (NZCs) summed across all Q DD basis vectors and across all layers:
· Following the legacy specification, the maximum total number is 2K0

Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, CQI is defined per legacy CQI definition (ensuring at most 10% BLER) within the slot(s) which a CQI is associated with.

Agreement
For the Type-II codebook refinement for high/medium velocities, for N4>2 and Q=2, the selection of Q out of N4 DD basis vectors is indicated by a -bit indicator in CSI part 2
· Analogous to FD basis selection, DD basis index 0 (representing DC) is always selected.

Agreement
On the Type-II codebook refinement for high/medium velocities based on Rel-16 regular eType-II codebook (if supported), for the purpose of choosing the supported Parameter Combinations 
· Regarding the codebook parameter pv, in addition to the supported values from the legacy specification, introduce as additional candidate values
· pv =1/8 for v=1,2 (hence 1/16 for v=3,4)
· pv =1/2 for v=1,2,3,4 
· Regarding the codebook parameter b, in addition to the supported values from the legacy specification, introduce as an additional candidate value b = 1/8
· Regarding the codebook parameter L, the supported values from the legacy specification apply

Agreement
On the Type-II codebook refinement for high/medium velocities, regarding UCI omission, down-select between the following three alternatives (by RAN1#112bis-e where q denotes the q-th DD basis vector):
· Alt1. Prio(l,l,m,q)=2L. Q.RI.P(m)+Q.RI.l+Q.l+q 
· Note: This implies that DD basis is designated the highest priority
· Alt2. Prio(l,l,m,q)=2L.S(q).RI.N3+2L.RI. P(m)+RI.l+l
· Note: This implies that DD basis is designated the lower priority (after FD basis)
· FFS: S(q) maps the index q according to a rule
· Alt3. Prio(l,l,m,q)=2L.RI.Mv.q + 2L.RI.P(m)+ RI.l + l 
· Note: This implies that DD basis is designated the least priority
· Alt4. Prio(l,l,m,q)=2L.P(m).RI.Q+2L.RI.S(q)+RI.l+l
· Note: This implies that DD basis is designated with lower priority (after SD basis) and higher priority (before FD basis)
· FFS: S(q) maps the index q according to a rule
FFS: FD permutation P(.) as Rel-16-analogous, or no permutation i.e. P(m)=m
q=0,…,Q-1

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.

Agreement
For the Type-II codebook refinement for high/medium velocities, regarding the down-selection of bitmap(s) for indicating the locations of the NZCs (in RAN1#112bis-e), the following is used as a guidance for evaluation: 
· Following the agreed EVM, use “UPT vs. overall overhead (including CQI and PMI)” to compare across alternatives, assuming at least FTP1 traffic model and Rel-16 Parameter Combinations (L, beta, pv)
· Use only the supported codebook parameter values (e.g. Q, K, m, d, delta, N4)
· Companies are to state their assumptions on UE-side prediction (e.g. ideal or realistic, CSI-RS type, CSI-RS overhead calculation in relation to UPT, assumptions on WCSI and l) and the use of rank adaptation

Agreement
The Rel-18 Type-II codebook refinement for high/medium velocities comprises refinement of the following codebooks:
· Refinement of the Rel-16 eType-II regular codebook, with N4>=1
· Refinement of the Rel-17 FeType-II port selection (PS) codebook, based on the common design with the Refinement of the Rel-16 eType-II regular codebook, except for the supported set of parameter combinations, with N4=1
· Time-/Doppler-domain reciprocity is not assumed 


In this section, we discuss the outline of CSI reporting enhancements for high-speed UEs and provide our views on the different aspects of the codebook design that are still open for discussion.
Codebook design
It was agreed in RAN1#110bis-e [4] to support the following codebook structure for Rel-18 codebook:
· Alt2-A. Doppler-domain basis commonly selected for all SD/FD bases, e.g. , where Wd is an  matrix whose columns are selected from a size N4 DFT matrix. 

For ease of exposition, our preference is to restructure the codebook to the following format: 

Where . Here, the 1D DFT-based transformation matrix  is replaced with a 2D DFT-based transformation matrix  of size N3N4xMQ corresponding to a joint time/frequency domain transformation, where N4 corresponds to the number of time samples. This approach would simplify the description of the precoder, since the structure of  would resemble that of the spatial-domain transformation matrix W1, which is also based on a sub-selection of columns of a 2D DFT matrix.
Delay and Doppler domain basis matrices are reported in the form of a 2D DFT matrix , where 
Also, from the codebook structure defined under Alt2-A, the size of  is 2LxMQ. One alternative is to report  in the form of Q concatenated matrices , …, ,  as follows: 

Under this format, the legacy definition and format of the non-zero coefficient matrices can be reused. We therefore have the following proposal:
The codebook coefficients are reported in the form of Q non-zero coefficient matrices , where q=1,…,Q

NZC bitmap design 
One important design aspect of Rel-18 codebook for high/medium velocities is the NZC bitmap design. Given that Q sets of W2 coefficients are fed back by the UE, three alternatives exist for the codebook design, as follows:
· Alt1. Q bitmaps of size 2LxM each are reported corresponding to the Q sets of W2 coefficients matrices
· Alt3A. Two bitmaps, where a first bitmap of size MQ indicates the selected S pairs of FD basis vector and DD basis vector and a second bitmap of size 2LS for indicating the location of the non-zero coefficients across all Q sets of W2 coefficients matrices
· 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.
Note that the bitmap overhead for  can be significantly large, e.g., 448 bits for Alt1 assuming L=4, M=7, Q=2 and RI=4, and hence bitmap overhead reductions are crucial to ensure a reasonable overhead. An example of the CSI feedback overhead corresponding to different combinations of L, M, Q and RI values for Rel-18 high speed codebook design are provided in Table 1.
	L
	M
	Q
	RI
	Overhead

	2
	4
	2
	2
	64

	4
	4
	2
	4
	256

	4
	7
	2
	4
	448

	6
	4
	2
	3
	288


[bookmark: _Ref127523940][bookmark: _Hlk127523918]Table 1. An example of NZC bitmap overhead corresponding to different combinations of L, M, Q and RI values for Rel-18 high speed codebook design
Given the alternatives of NZC bitmap reporting provided above, it is clear that for , the overhead of Alt3A is larger than that of Alt1 at large values of S, i.e., most FD basis indices include non-zero coefficients. For , Alt3A can achieve significant gains due to overhead reduction, especially at smaller β values. A comparison of the NZC bitmap reporting overhead corresponding to Alt1 and Alt3 for different values of S, assuming L=4, M=7, Q=2 and RI=4 for Rel-18 high speed codebook design is provided in Table 2, which illustrate that significant CSI feedback overhead savings that can be achieved when . 
	S
	Alt1
	Alt3
	Overhead
Reduction

	6
	448
	248
	45%

	8
	448
	312
	30%

	10
	448
	384
	14%

	12
	448
	440
	2%

	14
	448
	504
	-12%


[bookmark: _Ref127524259][bookmark: _Hlk127524230][bookmark: _Hlk127525703]Table 2. An example of NZC bitmap reporting overhead in bits corresponding to Alt1 and Alt3 for different values of S, assuming L=4, M=7, Q=2 and RI=4 for Rel-18 high speed codebook design
Analytically, for a parameter combination of L=4, and Q=2, the NZC bitmap overhead corresponding to Alt3A would exceed that of Alt1 only if the total number of FD basis indices comprising non-zero coefficients exceeds 87% of the overall FD basis indices across the Q reporting occasions. Given that, our preference is to support Alt3 for NZC bitmap reporting.
For bitmap reporting under Rel-18 Type-II codebook for high speed, support Alt3A with two bitmaps, where a first bitmap of size MQ indicates the selected S pairs of FD basis vector and DD basis vector and a second bitmap of size 2LS for indicating the location of the non-zero coefficients across all Q sets of W2 coefficients matrices

CQI reporting 
It was agreed in RAN1#112 that X=2 CQI values are optionally reported for Type-II codebook for high/medium velocities, where the two CQI values are associated with the first and middle slots of the CSI reporting window, respectively. Three alternative for the CQI corresponding to the second CQI have been proposed, as follows:
· Alt1. Independent of the 1st CQI: A 4-bit wideband CQI and 2-bit subband CQIs
· Alt2. Differential reference CQI relative to the 1st TD CQI: A BR-bit wideband CQI and 2-bit subband CQIs  
· Alt3. Differential reference and sub-band CQIs relative to the 1st TD CQI: A BR-bit wideband CQI and 1-bit subband CQIs
For both Alt2 and Alt3, the wideband CQI value for the second CQI is reported via BR bits, where , where for Alt2 the subband CQI values follow the legacy CQI format with 2-bit subband CQIs, and for Alt3 the subband CQI values are reported with only 1-bit subband CQIs. Apparently, Alt1 is a straightforward extension with two CQIs following the legacy CQI format are reported, whereas Alt2 and Alt3 achieves a maximum CSI overhead reduction of 4 bits and bits and  bits, respectively. In our opinion, the wideband CQI value corresponding to the second CQI can be omitted, i.e., . Our preference is to support Alt2 with . 
For CQI reporting of the second CQI value under Type-II codebook for high/medium velocities, support Alt2 for CQI reporting with no WB CQI value reported for the second CQI, i.e., 

Mapping order of coefficients for UCI omission 
In RAN1#112, a few alternatives were proposed for the mapping order of coefficients for UCI omission under Type-II codebook for high/medium velocities. The following alternatives have been proposed:
· Alt1. Prio(l,l,m,q)=2L. Q.RI.P(m)+Q.RI.l+Q.l+q 
· Alt2. Prio(l,l,m,q)=2L.S(q).RI.N3+2L.RI. P(m)+RI.l+l
· Alt3. Prio(l,l,m,q)=2L.RI.Mv.q + 2L.RI.P(m)+ RI.l + l 
· Alt4. Prio(l,l,m,q)=2L.P(m).RI.Q+2L.RI.S(q)+RI.l+l
Here, FD permutation P(.) can be either analogous to Rel-16 FD basis permutation, or corresponds to no permutation, i.e., P(m)=m, and S(q) maps the index q according to a rule that is to be decided. 
Alt1 is a straightforward extension of the mapping order of coefficients of Rel-16 eType-II CB, with the priority function is extended to include an index q corresponding to the DD basis index, which is assigned the lowest priority. On the other hand, Alt2 and Alt3 assign the highest priority to the DD basis index, whereas Alt4 assigns a moderate priority to a possibly permuted DD basis index according to a rule. Our preference is to use the same omission rule for both , and since Alt1 and Alt4 are backward compatible to Rel-16 eType-II CB mapping of coefficients if , our preference is to select from either Alt1 or Alt4. For a better illustration of the difference between Alt1 and Alt4, we provide analysis onto the impact of UCI omission under the assumption that 75% of the total number of non-zero coefficients are omitted, and that the coefficients are equally distributed across all indices. Under Alt1, coefficients corresponding to all RI layers and all Q DD basis indices are maintained, whereas under Alt4, coefficients corresponding to all RI layers are maintained, however, coefficients corresponding to one of the Q DD basis indices would be fully omitted, which restricts the potential of the codebook with respect to CSI prediction, which is the fundamental feature of the Rel-18 Type-II CB design for high/medium velocities. Considering that, we support Alt1. Moreover, we support reusing the legacy Rel-16 eType-II FD basis permutation P(m).
For mapping order of coefficients for UCI omission under Type-II codebook for high/medium velocities, support Alt1 with lowest priority assigned to the DD basis index, and reuse the Rel-16 eType-II FD basis permutation function P(m)

Codebook Subset Restriction for high-speed Type-II CB
In legacy Rel-16 eType-II CB, soft CBSR is supported, with N1N2O1O2 possible beams equally partitioned into O1O2 beam groups, where a maximum of 4 of the O1O2 beam groups are restricted. For each of the 4N1N2 beams across the 4 beam groups, 2 bits are allocated per beam to indicate one of the following 4 possible amplitude thresholds for the beam, , i.e., -3dB step size per restriction value in power domain. Hence, 8N1N2 bits are required to report the amplitude restrictions. 
For Type-II codebook for high/medium velocities, up to  precoding matrices associated with up to two coefficient matrices  are determined, however, the two precoding matrices are coupled with the same SD basis matrix W1. Given that, the same CBSR configuration should be supported for the Q precoding matrices. Moreover, we prefer to reuse the same CBSR format with soft amplitude restriction averaged across FD basis indices of each beam, where CBSR constraint is applied separately for each of the Q precoding matrices.
CBSR is supported for Type-II codebook with high/medium velocities, where legacy eType-II Rel-16 CBSR configuration is reused and applied separately to each of the Q precoding matrices associated with the Type-II codebook for high/medium velocities
TDCP reporting
In RAN1#112 [2], the following agreements were made for TDCP reporting
	[bookmark: _Hlk115270798]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, the priority of the CSI report(s) associated with TDCP reporting is down-selected from the following alternatives:
· Alt1. Lower than other CSI reports 
· Alt2. Same as CSI report(s) not carrying L1-RSRP or L1-SINR
· Alt3. Higher than other CSI reports
· Other alternatives are not precluded 

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.

Agreement
For the Rel-18 TRS-based TDCP reporting, support multiplexing TDCP reporting with other UCI parameters on PUSCH following the legacy UCI multiplexing rule for AP-CSI.

Agreement
For the Rel-18 TRS-based TDCP reporting, for TDCP measurement and calculation, by RAN1#112bis-e, decide between the following alternatives:
· Alt1. Fully reuse legacy TRS 
· Alt2. Study enhancements on TRS (e.g. periodicities)
Note. If there is no consensus on Alt2, Alt1 is the default outcome



TDCP correlation parameters
In RAN1#112, it was agreed to support TDCP reporting for aiding network determination of codebook switching and SRS periodicity with the Rel-18 TRS-based TDCP reporting, where the TDCP reporting comprises 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
· Optional feature: Y=1 with delay>Dbasic symbols and Y≥1, wideband quantized normalized amplitude and phase for each delay are reported 
One important design aspect is the candidate values for Dbasic. For Y=1, the value of Dbasic can be measured based on TRS symbols within the same transmission occasion, i.e., Dbasic < 14 symbols, or measured across different TRS transmission occasions, where i.e., Dbasic is in the order of TRS periodicity, e.g., 10ms. The value of Dbasic should be based on the channel coherence range, which mainly depends on the UE speed. A comparison of the channel coherence time (in slots) compared with different UE speed is provided in Table 3, which shows the large variation of the channel coherence and hence the need to configure different Dbasic values based on UE speed range
	UE speed (km/h)
	Channel coherence time (slots)

	3
	360

	10
	108

	30
	36

	60
	18

	120
	9

	360
	3


[bookmark: _Ref101455547]Table 3. Channel coherence time (in slots) at Fc= 4GHz, SCS= 60kHz
At least for Y=1, support multiple configurable values of Dbasic corresponding to different correlation values associated with different UE speeds
On the other hand, for Y>1, multiple autocorrelation values can be measured corresponding to different autocorrelation lags. One way to do such measurements is via reporting Y autocorrelation values with delays corresponding to Dbasic, 2Dbasic, …, Y.Dbasic. The UE can select the value of Y that corresponds to the smallest number such that the absolute value of the autocorrelation is below a certain threshold, e.g., smallest amplitude value in the codebook of autocorrelation amplitude. Alternatively, the network can configure the Y delay values, i.e., D1, …, DY, for a configured value of Y.  
For Y >1, support one of the following alternatives:
· Alt1. UE-assisted value Y selection based on the temporal channel autocorrelation, with a network configured y.Dbasic for the yth autocorrelation value
· Alt2. Network-configured value Y selection with UE-assisted delay valuess D1, …, DY, based on the temporal channel autocorrelation

TDCP reporting format
One important aspect that needs to be discussed is the TDCP reporting format. Since TDCP reporting corresponds to the temporal autocorrelation function of the channel, which does not resemble any of the legacy CSI report quantities, the TDCP reporting should correspond to a new report quantity along with CRI, RI, PMI, CQI and LI, e.g., TDCP Indicator (“TDCPI”). Moreover, since the TDCP is reported based on TRS, and not a conventional NZP CSI-RS resource, the TDCP Indicator should be reported as a standalone report quantity, i.e., not reported jointly with CSI-RS based report quantities including CRI, RI, PMI, CQI and LI. 
A new report quantity corresponding to TDCP reporting is introduced
The TDCP report quantity is not multiplexed with other report quantities
In RAN1#112 the priority of a TDCP-based report compared with conventional CSI reports are discussed, with the following three alternatives proposed:
· Alt1. Lower than other CSI reports 
· Alt2. Same as CSI report(s) not carrying L1-RSRP or L1-SINR
· Alt3. Higher than other CSI reports
In our opinion, since the TDCP report can help improve the efficiency of conventional CSI reports via the determination of codebook switching between Type-I and Type-II CBs, as well as determine the SRS periodicity, the TDCP-based report should be assigned a higher reporting priority compared with the conventional CSI reports
The TDCP-based report is assigned a higher reporting priority compared with conventional CSI reports
Another aspect that needs to be discussed is the codebook of values corresponding to the wideband quantized normalized amplitude and phase values for each delay. For the wideband quantized phase values, the codebook of phase values of Rel-16 eType-II CB based on 16-PSK indicated via 4 bits should be supported
[bookmark: _Hlk131511904]For wideband quantized phase values for each delay under TDCP reporting, reuse legacy Rel-16 eType-II CB values based on 16-PSK
[bookmark: _Hlk131513604]For the wideband quantized normalized amplitude values, the legacy codebooks of differential amplitude values of Rel-16 eType-II CB can be used, where two alternatives are available: 
· Alt1. Reuse the per-polarization reference amplitude codebook of values corresponding to  as defined in Clause 5.2.2.2.5 of TS 38.214 [6], comprising 16 values with 0.75 dB spacing between two neighboring amplitude values. 
· Alt2. Reuse differential amplitude codebook of values corresponding to  as defined in Clause 5.2.2.2.5 of TS 38.214 [6], comprising 8 values with 1.5 dB spacing between two neighboring amplitude values. 
[bookmark: _Hlk131513591]In our understanding, the significance of autocorrelation values is not the same as that of amplitude values of PMI coefficients, and more values corresponding to higher correlation, e.g., higher than 1/2 value, need to be included in the codebook of values. Hence, we support reusing the codebook of values corresponding to the Rel-16 eType-II per-polarization reference amplitude coefficient, since the smaller step size of the codebook values allows capturing more correlation values over a value of 1/2. Moreover, more quantized values above 1/2 can be realized if the codebook of values represent a one’s complement of the polarization amplitude value, i.e., , as the new codebook of the wideband quantized normalized amplitude values. 
[bookmark: _Hlk131758424]Use the complement of the codebook of values corresponding to the Rel-16 eType-II per-polarization reference amplitude values, i.e.,  as the new codebook of wideband quantized normalized amplitude values under TDCP reporting

PUSCH reporting time-domain behavior
In RAN1#110 [3], it was agreed to support standalone TDCP reporting based on TRS signaling with aperiodic reporting, and furthermore, it was concluded in RAN1#110bis-e [4] that no consensus was reached to support periodic, semi-persistent, or event-triggered/UE-initiated TDCP reporting. In our opinion, aperiodic TDCP reporting should follow the same behavior as conventional aperiodic CSI reporting, in terms of being reported only over PUSCH. Aperiodic TDCP reporting over PUCCH should not be supported.
Aperiodic TDCP reporting is supported only over PUSCH
Conclusion
This contribution addressed CSI enhancements for NR Rel. 18, including enhancements for high mobility scenarios, TDCP reporting enhancements, as well as CSI enhancements for CJT. 
For CSI enhancements for CJT, we have the following proposals: 
1. Further study whether/how the number of non-zero coefficients is reported in the CSI report, e.g., separately for each TRP or jointly for all TRPs
Do not support of beam number combinations comprising Ln with value 6
Limit the number of linked combination pairs between  and  such that no more than two combination pairs of  are linked with an  combination
Support Alt2 for CJT FD basis selection with independent FD basis selection per TRP for mode-1 of CJT codebook
Confirm the working assumption Alt3 for W2 quantization group and strongest coefficient indicator design
Reuse Rel-16 eType-II reference amplitude quantization for differential quantization of the strongest coefficients for each polarization per TRP
· FFS: whether the number of reference amplitude quantization bits can be reduced
For CJT codebook design with , support a two-stage bitmap design, where a first stage bitmap for each CSI-RS resource indicates the indices of rows and/or columns with at least one non-zero coefficient, and a second stage bitmap whose size is based on the indicated rows and/or columns in the first stage bitmap per CSI-RS resource
1. For CJT Type-II CB, reuse Soft CBSR mechanism on average gain of the candidate restricted beam
1. For CJT Mode 1, separate CBSR mechanisms are configured for different candidate TRPs, whereas for CJT Mode 2, a common CBSR mechanism is configured for all candidate TRPs
1. Study the mapping order of CSI fields corresponding to CJT-based CSI reporting
1. Support Alt2 for coefficient priority function
1. Reuse Rel-16 eType-II FD basis index permutation function P(m), and use permutation function Q(n) to allocate the highest priority to the TRP index associated with the SCI

For CSI enhancements for high mobility, we have the following proposals:
1. Only Rel-16 eType-II codebook is selected as a baseline for Rel-18 codebook 
1. Delay and Doppler domain basis matrices are reported in the form of a 2D DFT matrix , where 
1. For bitmap reporting under Rel-18 Type-II codebook for high speed, support Alt3A with two bitmaps, where a first bitmap of size MQ indicates the selected S pairs of FD basis vector and DD basis vector and a second bitmap of size 2LS for indicating the location of the non-zero coefficients across all Q sets of W2 coefficients matrices
1. For CQI reporting of the second CQI value under Type-II codebook for high/medium velocities, support Alt2 for CQI reporting with no WB CQI value reported for the second CQI, i.e., 
1. For mapping order of coefficients for UCI omission under Type-II codebook for high/medium velocities, support Alt1 with lowest priority assigned to the DD basis index, and reuse the Rel-16 eType-II FD basis permutation function P(m)
1. CBSR is supported for Type-II codebook with high/medium velocities, where legacy eType-II Rel-16 CBSR configuration is reused and applied separately to each of the Q precoding matrices associated with the Type-II codebook for high/medium velocities

For TDCP reporting enhancements, we have the following proposals:
1. At least for Y=1, support multiple configurable values of Dbasic corresponding to different correlation values associated with different UE speeds
1. For Y >1, support one of the following alternatives:
· Alt1. UE-assisted value Y selection based on the temporal channel autocorrelation, with a network configured y.Dbasic for the yth autocorrelation value
· Alt2. Network-configured value Y selection with UE-assisted delay values D1, …, DY, based on the temporal channel autocorrelation
1. A new report quantity corresponding to TDCP reporting is introduced
1. The TDCP report quantity is not multiplexed with other report quantities
1. The TDCP-based report is assigned a higher reporting priority compared with conventional CSI reports
1. For wideband quantized phase values for each delay under TDCP reporting, reuse legacy Rel-16 eType-II CB values based on 16-PSK
1. Use the complement of the codebook of values corresponding to the Rel-16 eType-II per-polarization reference amplitude values, i.e.,  as the new codebook of wideband quantized normalized amplitude values under TDCP reporting
1. Aperiodic TDCP reporting is supported only over PUSCH
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