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1. Introduction 
[bookmark: _Hlk101465064]In RAN#94e, the Rel-18 WID for NR MIMO evolution for downlink and uplink was approved [1], in which two potential enhancements are for CSI enhancement for high/medium UE velocities and coherent JT (CJT) as shown below:
	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:
· [bookmark: _Hlk102055940]Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off
· Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e. 32


In this contribution, we will share our views for the CSI enhancements for high/medium UE velocities and coherent JT scheme respectively.
2. Type-II codebok refinement for CJT

2.1 FD basis selection scheme for CJT codebook structure mode-1
In RAN1#111 meeting [2], we have the following agreement on the FD basis selection scheme for CJT codebook structure mode-1:
	Agreement @RAN1#111
[bookmark: _Hlk127454540]On the Type-II codebook refinement for CJT mTRP, for mode-1, study and down select (no later than RAN1#112) only one from the following schemes: 
· 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)
· 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. 
· Example formulation:  where  is the FD basis selection offset for CSI-RS resource n relative to a reference CSI-RS resource  with , and  is independently selected across N CSI-RS resources 
For all the above alternatives, the legacy FD basis selection indication scheme is applied on each selected FD basis.
Note: Per previous agreements, the number of selected FS basis vectors (Mv/pv or M) is gNB-configured via higher-layer signaling and common across the N CSI-RS resources



For Alt 2 and Alt 3, the main difference is there is an additional per-CSI-RS-resource FD basis selection offset in Alt 3 comparing with Alt 2. However, per-CSI-RS-resource FD basis selection offset and per-resource Minit are functionally equivalent, therefore, with the same PMI overhead, Alt 3 cannot have better UPT performance over Alt2. Even, there might be potential performance loss in Alt 3 under similar overhead as Alt2.
Comparing Alt 1 and Alt 3, both introduce per-CSI-RS-resource FD basis selection offset, the difference is resource-common FD basis in Alt 1 vs resource-specific FD basis in Alt 3. If resource-specific FD basis selection cannot give additional UPT gain over Alt 1, then Alt 3 should be excluded for down-selection since it need more PMI overhead than Alt 1.
The main target scenario for CJT codebook mode-1 is inter-cell CJT, where there is big difference in the delay profile of the DL channels of different TRPs. So, it is more reasonable to adopt Alt 2 which facilitate independent FD basis selection for different TRPs, no matter small or large ISD scenarios. Therefore, our first preference on mode-1 codebook FD basis selection is Alt 2. We are also open for Alt 1 if enough SLS results sources do show good UPT vs PMI overhead trade-off under sufficiently diverse configurations.
Proposal 1: On the Type-II codebook refinement for CJT mTRP, for the FD basis selection scheme for mode-1, our first preference is Alt2:
· Alt2.  independently selected across N CSI-RS resources (without any per-CSI-RS-resource FD basis selection offset)

3. [bookmark: _Hlk111134215]Type-II codebook refinement for high/medium UE velocities

3.1 [bookmark: _Hlk127456031]W2 quantization for N4 > 1
[bookmark: _Hlk127464653]In RAN1#111 meeting [2], we have the following agreement and proposals on W2 quantization for high/medium velocities: 
	Agreement @RAN1#111
For the Rel-18 Type-II codebook refinement for high/medium velocities, 
· [bookmark: _Hlk120493302][bookmark: _Hlk120493338]The definition and supported values for each of the SD/FD codebook parameters follow the legacy specification. 
· FFS: The supported parameter combinations considering SD, FD, and DD codebook parameters
· [bookmark: _Hlk120493323]For N4=1, the legacy quantization is fully reused.

[bookmark: _Hlk127457114]Proposal 2.I.1 from RAN1#111: 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 

[bookmark: _Hlk127457168]Proposal 2.I.2 from RAN1#111: For the Rel-18 Type-II codebook refinement for high/medium velocities, on the  quantization scheme when N4>1, for each layer:
· [bookmark: _Hlk127457025][bookmark: _Hlk127457056]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



For N4 = 1, it has been agreed to fully reuse legacy quantization scheme, including the alphabets for amplitude and phase, and the detailed differential quantization scheme. So, it is reasonable to extend this principle to the case when N4 > 1. Besides, there seems no big RX power difference over different selected DD basis vectors, then following legacy design, the number of amplitude quantization groups should be 2, where each one of them is corresponding to each polarization, and the number of phase quantization groups should be 1. The SCI (Strongest Coefficient Indicator) should be commonly applied across all the Q selected DD basis vectors, simply following legacy design.
Proposal 2: For the Rel-18 Type-II codebook refinement for high/medium velocities, on the  quantization scheme when N4>1, the following components of the legacy per-coefficient quantization scheme can be reused: 
· 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 

Proposal 3: 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

3.2 Bitmap design for indicating the locations of the NZCs
[bookmark: _Hlk111140343]In RAN1#111 meeting [2], we have the following agreement and proposal on bitmap(s) for indicating the locations of the NZCs for high/medium UE velocities: 
	Agreement @RAN1#111
For the Type-II codebook refinement for high/medium velocities, regarding the bitmap(s) for indicating the locations of the NZCs, support the following:
· Q different 2-dimensional bitmaps are introduced for indicating the location of the NZCs, where the qth (q=1,…., Q) 2-dimensional bitmap corresponds to qth selected DD basis vector
· The number of selected DD basis vectors is denoted as Q
· This implies that for each layer, the location of NZCs in SD-FD can be different for different selected DD basis vectors.
FFS: Further overhead reduction on bitmap(s)
FFS: Whether the number of NZCs is upper bounded across all DD basis vectors or per DD basis vector

[bookmark: _Hlk127460811][bookmark: _Hlk127458323]Proposal 2.E.2: For the Type-II codebook refinement for high/medium velocities, regarding the bitmap(s) for indicating the locations of the NZCs, down-select only one from the following alternatives: 
· [bookmark: _Hlk127460834]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 
· Alt2. Q different 2-dimensional bitmaps where each bitmap reuses the legacy design and further compressed using source-coding (e.g Huffman code
· 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.
· Alt3B: A single 2-dimensional bitmap of size  to report the selected  pairs of SD components 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 FD basis vector and each column corresponds to one of the selected  pairs of SD component and DD basis vector.
· Alt3C: A single 2-dimensional bitmap of size  to report the selected  pairs of SD component and FD basis vector and a single 2-dimensional bitmap of size  for indicating the location of the NZCs, where each row corresponds to a selected DD basis vector and each column corresponds to one of the selected  pairs of SD component and FD 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.



Among the above several solutions on NZCs indication bitmap design, Alt 1 is the simple extension of legacy design. The basic design principle of Alt 3A/3B/3C is assuming that all the NZCs locations indicated by the second bitmap can only be confined with the selected S basis vectors pairs. The gain of Alt 3 family schemes much rely on the configurations of L, M, Q, S. Taking Alt3A as an example, the gain of it will be shown if the value of S is rather smaller than MQ. In another words, the selected S pairs of FD basis vector and DD basis vector should be sparse enough in the MQ basis vector pairs so that the gain can be demonstrated. But now we only agreed that the value of Q can be 2 without additional candidate values, so we think the gain of Alt 3A might be a little marginal in this case. Besides, the legacy CSI omission rules may also need reconsidering for Alt 3A/B/C, since the priorities of the first and the second bitmap might be different as the first bitmap can be considered to contain more important information on the NZCs locations indication.
Based on the above analysis, we prefer Alt 1 as the simple and straight forward extension of legacy design for NZCs locations indication.
Proposal 4: For the Type-II codebook refinement for high/medium velocities, regarding the bitmap(s) for indicating the locations of the NZCs, support Alt1:
· 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 

3.3 CQI design for high/medium velocities
In RAN1#111 meeting [2], we have the following agreements on CQI reporting for high/medium UE velocities: 
	Agreement @RAN1#111
[bookmark: _Hlk127469462][bookmark: _Hlk127468515]For the Rel-18 Type-II codebook refinement for high/medium velocities, decide by RAN1#112 whether including X>1 CQIs in one sub-band and one CSI reporting instance are supported
· If supported, also decide the value(s) of X and the time instance and/or PMI(s) in which a CQI is associated with, given the CSI reporting window WCSI (in slots)

Agreement @RAN1#111
[bookmark: _Hlk127469813]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), assuming 1 CQI in one sub-band and one CSI reporting instance, down-select (by RAN1#112) one from the following alternatives:
· Alt1. The CQI is associated with the entire duration of the CSI reporting window and all the N4 W2 matrices 
· Alt2A. The CQI is associated with the first/earliest slot of the CSI reporting window and the first/earliest of the N4 W2 matrices 
· [bookmark: _Hlk127469035]Alt2B.  The CQI is associated with the first/earliest d slots of the CSI reporting window and the first/earliest one of the N4 W2 matrices
Note: The N4 W2 matrices represent the combining coefficients before DD compression at the UE, or after DD de-compression at the gNB



Based on current spec, the CQI is defined that it should be calculated to meet the target BLER (10%) condition on the corresponding PMI. 
So, now that there are more than one PMI corresponding to multiple slots when N4 >1 in Rel-18 Type-II codebook, when only 1 CQI is reported in one sub-band and one CSI reporting instance, regarding the time instance and/or PMI(s) in which a CQI is associated with, following legacy behaviour as descripted in Alt1, this CQI should be associated with the entire duration of the CSI reporting window and all the N4 W2 matrices so that the calculated CQI can satisfy target BLER in each single slot in PMI window. Alt 1 could minimize the mismatch between the 1 CQI and all the N4 W2 matrices. However, obviously, it also will bring not only large burden on UE CQI calculation complexity, especially when the window WCSI is rather large, but also conservative CQI reporting which results in system throughput degradation comparing with the case when OLLA on.
So, introducing X > 1 CQIs in one sub-band and one CSI reporting instance could be supported to resolve the above dilemma of CQI-PMI mismatch and UE implementation complexity. However, the CQI is the candidate index of the combination of MCS, not the measured SINR, which means during CQI calculation, there is large quantization error compared with the measured SINR. So, we think the CQI may change much slower than PMI even with high velocities, reporting too many CQIs is not necessary with useless reporting overhead consuming. Reporting 2 CQI in one sub-band and one CSI reporting instance is enough.
And each one of the 2 CQIs is only associated with one instance of the CSI reporting window, as Alt2A or Alt2B like scheme. By the way, the difference of Alt2A and Alt2B is very minor, since either the d shots or the first/earliest one slot can only be associated with one W2 matric. There might only be spec wording difference between Alt 2A and Alt 2B. So, regarding the time instance and/or PMI(s) in which a CQI is associated with, it is suggested to adopt Alt 2A for simplicity.
[bookmark: _Hlk127470000]Proposal 5: 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), assuming 1 CQI in one sub-band and one CSI reporting instance, support Alt2A:
· Alt2A. The CQI is associated with the first/earliest slot of the CSI reporting window and the first/earliest of the N4 W2 matrices 

Proposal 6: For the Rel-18 Type-II codebook refinement for high/medium velocities, support reporting 2 CQIs in one sub-band and one CSI reporting instance.

Regarding the time instance and/or PMI(s) in which a CQI is associated with when X >1 CQIs reporting is supported, during the offline discussion pre-RAN1#112, there was a proposal on this issue:
	[bookmark: _Hlk127471224]Offline proposal 2.B.1: 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), assuming 1 CQI in one sub-band and one CSI reporting instance, 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 matrices
· 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 matrices][last slot of the CSI reporting window (slot l+WCSI–1) and the N4-thW2 matrices]



[bookmark: _GoBack]Based on the above analysis, to make a compromise between Alt1 CQI reference scheme and UE implementation complexity, this proposal was made to allow Alt1-like reference but only including the 1st and the last slots in WCSI window. It could be a way to resolve CQI-PMI mismatch without bringing too much burden over UE complexity. Besides, when X=2, it may be helpful the second CSI is associated with the last slot to facilitate gNB’s CQI interpolation.
Proposal 7: Support Offline proposal 2.B.1:
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), assuming 1 CQI in one sub-band and one CSI reporting instance, 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 matrices
· 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 last slot of the CSI reporting window (slot l+WCSI–1) and the N4-thW2 matrices

4. Conclusion

Proposal 1: On the Type-II codebook refinement for CJT mTRP, for the FD basis selection scheme for mode-1, our first preference is Alt2:
· Alt2.  independently selected across N CSI-RS resources (without any per-CSI-RS-resource FD basis selection offset)
Proposal 2: For the Rel-18 Type-II codebook refinement for high/medium velocities, on the  quantization scheme when N4>1, the following components of the legacy per-coefficient quantization scheme can be reused: 
· 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 
Proposal 3: 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
Proposal 4: For the Type-II codebook refinement for high/medium velocities, regarding the bitmap(s) for indicating the locations of the NZCs, support Alt1:
· 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 
Proposal 5: 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), assuming 1 CQI in one sub-band and one CSI reporting instance, support Alt2A:
· Alt2A. The CQI is associated with the first/earliest slot of the CSI reporting window and the first/earliest of the N4 W2 matrices 
Proposal 6: For the Rel-18 Type-II codebook refinement for high/medium velocities, support reporting 2 CQIs in one sub-band and one CSI reporting instance.
Proposal 7: Support Offline proposal 2.B.1:
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), assuming 1 CQI in one sub-band and one CSI reporting instance, 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 matrices
· 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 last slot of the CSI reporting window (slot l+WCSI–1) and the N4-thW2 matrices
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