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Introduction 
This contribution discusses issues related to Rel. 18 codebook enhancements for medium/high speed UEs and coherent JT based on the agreements made in RAN1#112 [1] and prioritized for RAN1#112 in the offline email discussions.  
CSI enhancements for medium/high velocity UEs
5G NR codebooks that have been specified until Rel. 17 are mainly for pedestrian UEs scenarios. For fast moving UEs, the channel between the BS and the UE changes rapidly. As a result, Doppler shift and Doppler spread increases resulting in a reduced channel coherence time which in turn results in a drastic performance loss when Rel-15-Rel.-17 Type II codebooks are used. One way to overcome this problem is to increase the CSI update rate via more frequent CSI reporting and measurements. However, this has the disadvantage that enormous DL and UL resources are utilized and results in high complexity at the UE due to increased number of channel measurements and PMI calculations. 
One way to overcome this problem is to exploit Doppler-domain information of the channel in the CSI report that allows to predict the future channel behavior. In [2], time-delay spectrum and delay-Doppler spectrum for different UE mobility scenarios are shown. By observing the channel variations in both time-delay spectrum and delay-Doppler spectrum, it is shown that the channel remains invariant for a longer time interval in the delay-Doppler domain compared to the time-delay domain. The time interval over which the channel remains constant in the delay-Doppler spectrum is several folds higher than the coherence time. Therefore, by incorporating the Doppler-domain information in Type II CBs, the need for frequent CSI updates can be alleviated as the delay-Doppler spectrum remains invariant for a longer time interval. 
The Type II Rel. 16/17 codebook structure is given by , where  is an matrix comprising spatial domain DFT basis vectors,  is a matrix comprising up to  non-zero precoder coefficients, and  is a  matrix comprising  frequency domain DFT  basis vectors. Each precoder coefficient is associated with an angle-delay pair. The  spatial domain DFT basis vectors are selected from a 2D-DFT matrix of size  and the  delay domain DFT basis vectors are selected from a DFT matrix of size , where  is the number of sub-bands. Using Rel. 16/17 Type II CB structure as a baseline, the Doppler information can simply be incorporated by extending the precoder equation to the time domain. For this, an additional codebook component is used for determining the Doppler components. The extended codebook or precoder can be expressed as a function of  and . Here,  is a matrix comprising spatial domain DFT basis vectors,  is a  matrix comprising  frequency domain DFT basis vectors,  is a  matrix comprising  time domain basis vectors, and  is a  matrix comprising  precoder coefficients. Here,  refers to the number of time units for which the PMI is reported. 
	 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.
Nokia/NSB, Samsung, vivo, and ZTE raised concerns that, in their understanding, Alt3A violates previous agreements for “Q different two-dimensional bitmaps” and/or common DD basis selection across SD/FD basis pairs and hence, to some extent, objective 1 of the WID.
 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



In the last meeting, three alternatives have been agreed for the bitmap for indicating the location of the NZCs. 
Alt 1: In Rel. 16 Type II CBs, the non-zero coefficient selection is indicated to the gNB via a -sized bitmap. For the enhanced Rel. 18 Type II CBs, it is natural to consider a -sized bitmap for each DD component. Compared to the legacy CB, the size of the bitmap increases by -fold for  DD components resulting in a -sized bitmap represented by Alt 1 (see Figure 1 which is a representation of the 2D-bitmap of Alt1). However, as the Rel. 18 codebook enhancements for medium/high velocities is based on exploiting Doppler-domain sparsity in addition to the delay-domain sparsity from Rel. 16/17, the power of the majority of the precoder coefficients are close to zero. Therefore, reporting a -bit bitmap for the indication of the location of non-zero precoder coefficients results in a wastage of feedback resources. 
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Figure 1: 2-dimensional bitmap of size  (Alt 1) comprising  FD-DD pairs when M = 4 and Q = 3. 
For Rel. 18 Type II CB, the channel is “compressed” in the angle-delay-Doppler domain. Hence, the channel is sparse. This means the energy of the precoder coefficients is concentrated only in few SD-FD-DD pairs and not in all  SD-FD-DD pairs. Instead of reporting a -sized bitmap, the channel/precoder sparsity in the angle-delay-Doppler domain can be exploited to reduce the feedback overhead. 
	
	Alt 1
	Alt 3A

	(1) Indication of S component pairs
	-
	

	(2) Indication of NZC location 
	
	

	Total feedback overhead 
	
	


Table 1: Feedback overhead associated with the bitmap of Alt 1 and Alt 3A.  
Alt 3A: According to the agreement, the FD and DD components are common across all SD components. Therefore for  FD components and  DD components, there are in total  FD-DD component pairs which are common across all SD components (see Figure 1 which is a representation of the 2D-bitmap of Alt1). Each column of the bitmap is associated with an FD-DD component pair. As mentioned before, an important observation is that the energy of each SD component is only associated with very few (either one or two) dominant FD-DD component pairs and not with all  FD-DD component pairs. As the FD-DD components pairs are common across all SD components, for the number,, of dominant common FD-DD pairs, it holds that . Hence, the feedback overhead can be greatly reduced when reporting only the dominant S FD-DD pairs associated with the precoder. The overall feedback overhead of Alt 3A is summarized in Table 1. As shown in Figure 2, for Alt3A,  common FD-DD pairs from  FD-DD pairs across all 2L SD components are reported. Each FD-DD pair is associated with an FD component and DD component , where 1 and 1. The selected  common FD-DD pairs  are indicated in the CSI report. This results in a total of -bit bitmap for the indication of the S selected FD-DD pairs. The location of the non-zero coefficients is indicated by a reduced-size bitmap of size 2LS. Therefore, the total feedback overhead for Alt3A is  bits. For Alt 3A, the value S can either be configured to the UE or reported by the UE. In case of UE reporting, the value of S needs to be reported in CSI part 1 as the value of the bitmap which is dependent on S can be varying in CSI part 2.
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Figure 2: Representation of the two-level bitmap of Alt 3A. An MQ-sized bitmap to indicate the selected S pairs out of MQ and a 2LS-sized bitmap to indicate the non-zero coefficient locations associated with 2L SD components and S FD-DD pairs.
Concerns from companies regarding violation of the previous agreement and WID by Alt 3A
In the last meeting, opponents of Alt3A raised concerns that Alt 3A violates the previous agreement which reads that a two-dimensional bitmap per DD component is reported. The confusion comes from the fact that the bitmap of Alt 3A i.e., the 2LS bits, is defined across all Q DD components and not per DD component. However, the bitmap per -th DD component can be written as . For Alt 1,  is simply given by , where for Alt 3A,  and . Therefore, even as Alt 3A comprises two-dimensional bitmap of size  per DD component, the argument of Alt 3A violating the previous agreement seems to carry no weight. 
Also, few companies raised concerns that Alt 3A violates the WID. In our understanding, the WID is only violated if the S FD-DD pairs are indicated jointly from a codebook of size . Moreover, as the FD indicator from Rel. 16/17 is reused also for this codebook, the argument that Alt 3A violates the WID also seems to carry no weight. 
Observation 1: For both Alt 1 and Alt 3A, the bitmap associated with each -th DD component is given by , and
· for Alt 1, and 
· for Alt 3A,  and .
Observation 2: ForALT3A, the S FD-DD pairs are not jointly selected from an -sized codebook and not reported using a -bit indicator, hence there is no violation of the WID by Alt 3A. 
Alt 4: In our understanding, this alternative selects a specific region around a reference coefficient from the  bitmap. From the description, gNB configured a value d, based on which the UE determines the specific region comprising the bits  Here, ,  and  denotes a reference SD basis index, reference FD basis index and a reference DD basis index associated with SCI, respectively. However, from the description, it is found that that for various configurations and different values of , the UE selects all bits i.e.,  bits in a polarization in which the SCI is not associated with i.e., the weakest polarization. Therefore, we fail to understand the technical reason as to why all bits of the bitmap associated with the weakest polarization needs to be reported. Moreover, the feedback overhead associated with the bitmap of Alt 4 is closer to that of Alt 1 and differs by less than 10 bits for many configurations and values of . Therefore, this alternative has not been evaluated. 

Observation 3: From the description of Alt 4, for different parameter combinations and values of , the UE selects all  bits associated with the weakest polarization i.e., with the polarization not associated with the SCI. 
Therefore, in the following, we evaluate only Alt 1 and Alt 3A. 
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Figure 3: Average UPT gain versus feedback overhead of Alt 1 and Alt 3A for parameter combinations 1-6. For Alt 3A, S = 0.5MQ. Ideal prediction,  = 20 ms, = 5, d = 5,  = 5 ms, d = 1, UE speed = 20 km/h. 
Figure 3 shows the average UPT gain of Alt 1 and Alt 3A for a value of  compared to Rel. 16 eType-II CB parameter combinations PC 1 – PC 6. The average UE speed is 20 km/h. With a 5 ms periodic CSI-RS transmission, the CSI is predicted for  ms with  and  using realistic prediction and  subbands are considered. MU-MIMO with rank 1-2 adaptation is considered. Compared to Alt 1, Alt 3A results in a large feedback reduction with only a negligible loss in avg. UPT. For PCs 1-4, PC5 and PC6, the overhead reduction is 48 bits, 160 bits, and 84 bits, respectively, for rank 2 transmission. Therefore, considering the average UPT gain and feedback overhead trade-off, Alt 3A shall be supported to indicate the location of the non-zero coefficients. 
Observation 4: Alt 3A with  results in feedback overhead saving of 48 bits, 160 bits and 84 bits for parameter combinations 1-4, 5 and 6, respectively, compared to Alt 1 with negligible loss in performance. 
Observation 5: For Alt 3A, using S = 0.5MQ results in a similar average UPT to that of Alt 1 with large feedback overhead saving. 
Proposal 1: Support Alt 3A for the indication of the locations of the NZCs as it achieves good average UPT gain-overhead trade-off compared to Alt 1. 
	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,m,q)=2L. Q.RI.P(m)+Q.RI.l+Q.q 
· Note: This implies that DD basis is designated the highest priority
· Alt2. Prio(,l,m,q)=2L.S(q).RI.N3+2L.RI. P(m)+RI.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,m,q)=2L.RI.Mv.q + 2L.RI.P(m)+ RI.l + 
· Note: This implies that DD basis is designated the least priority
· Alt4. Prio(,l,m,q)=2L.P(m).RI.Q+2L.RI.S(q)+RI.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


For Rel. 16 eType-II CB and Rel. 17 FeType-II CB, the ordering of the precoder coefficients as well as the bits of the bitmap is given by the , where  and  for Rel. 16 eType II CB and  and  for Rel. 17 FeType-II CB and ,   and  and  is the permutation function on the  selected FD indices. Each precoder coefficient is associated with three indices i.e., SD index, FD index and layer index. For Type-II CB refinements for high/medium velocities, a new ordering scheme must be specified as each precoder coefficient is associated with four indices, the additional index being the DD index. In the following, we discuss the four alternatives that have been agreed in the previous meeting. 
According to Alt 1, the order of the priority of the layer, SD basis and FD basis from the Rel. 16/17 CBs are re-used, while designating highest priority to DD basis i.e., before layer index. (DD  layer  SD FD). Permutation of FD basis is supported by this alternative. According to Alt 2, the order of the priority of the layer, SD basis and FD basis from the Rel. 16/17 CBs are re-used (layer  SD FD  DD) while the designating lowest priority to the DD basis i.e., after the FD basis. Alt 2 also supports permutation of both FD and DD basis. According to Alt 3, the order of the priority of the layer, SD and FD basis from the Rel. 16/17 CBs are re-used (layer  SD FD  DD) while the designating lowest priority to the DD basis i.e., after the FD basis. Alt 3 only supports permutation of both FD basis. According to Alt 4, RI layers are designated the highest priority followed by the SD basis, FD basis and DD basis (layer SD DD  FD). This alternative supports permutation both on the FD and DD basis.  
From the four alternatives, it is preferred to re-use the priority ordering of the layer, SD basis and FD basis from Rel. 16 while designating the lowest priority to DD basis due to the following reasons. 
· Rel. 18 codebook refinements for medium/high speed UE velocities also supports  in addition to . Therefore, when , the ordering is only based on the layer, SD and FD basis only and the UE can simply re-use the Rel.16/17 priority rules to order all precoder coefficients associated with RI layers, SD and FD basis. 
· For , instead of interleaving the precoding coefficients associated with  DD components as in Alt 1, the UE can simply reuse the Rel. 16/17 priority rules for all precoder coefficients associated with each DD component separately as in Alt 2 or Alt 3. If omission occurs, the precoder coefficients associated with at least one Doppler component may be reported in its entirety which may allow the gNB to perform a transmission with the same precoder for all time units which is not possible with either Alt 1 or Alt 4.
Therefore, for reasons mentioned above, it is preferred to support either Alt 2 or Alt 3. 
Observation 6: In case of omission, Alt 2 or Alt 3 allows the gNB to at least to perform a transmission with the same precoder for all time units  which is not possible with Alt 1 or Alt 4. 
Re the FD basis permutation, we do not think it is necessary to support permutation like in Rel. 16. It is already supported to cyclically shift the strongest coefficient to FD basis zero and even without permutation, it is always ensured that the precoder coefficients associated with FD basis zero are not dropped in case of omission. Even with permutation, it is not clear how much gain is guaranteed. Therefore, for simplicity, it is preferred to consider . 
Re the DD basis permutation, as the maximum supported value of  is only two, we see no strong reason to support permutation of the DD basis. For simplicity, we support . 
Proposal 2: On the Type-II codebook refinement for high/medium velocities, regarding UCI omission support either 
· Alt 2 with  or 
· Alt 3 with  and . 
Rel-16/17 Type-II codebook refinement for C-JT targeting FDD
In RAN1#109-e, it was agreed to specify Type-II codebook refinements for coherent joint transmission (CJT) multi-TRP (mTRP). For CJT mTRP, multiple geographically separated TRPs or RRHs are assumed to be well synchronized in time and frequency as well as the phase and amplitude of their antenna arrays are calibrated, so that the UE can coherently combine the data streams or multiple layers simultaneously transmitted from the TRPs/RRHs. In the following, based on the agreements from RAN1#112 and offline discussion, additional details related to codebook structure and CSI reporting for Type-II CJT mTRP are discussed. 
	Agreement
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)
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


For the Type-II codebook refinement for CJT mTRP, two modes have been agreed in RAN1#110. The intention is to use Mode 1 in inter-site scenarios, where the delay distribution of the cooperating TRPs is different and use Mode 2 for intra-site scenarios, where the delay distribution of the TRPs is common. Therefore, the only difference between the two modes is the selection of the FD basis. For Mode 1, the FD basis selection is performed per TRP separately and hence  FD indicators need to be reported per layer, whereas for Mode 2, the FD basis selection is performed across all TRPs jointly and hence a single FD indicator is used per layer. However, to reduce the feedback overhead associated with the FD basis indication for Mode 1, three alternatives have been agreed by the companies in RAN1#111.          
One way of reducing the feedback overhead is to align the PDP of each TRP with respect to a reference TRP (see Figure 4). By doing so, the selected FD basis for each TRP will be concentrated in a few FD components . If  is configured such that  is always less than , the FD basis reporting will be conditioned on  instead of  and hence feedback overhead reduction can be achieved especially for . Alt 1 and Alt 3 support the use of a per-CSI-RS resource FD basis offset with respect to a reference TRP. For Alt1, the FD basis after cyclic shifting the PDPs with respect to a reference TRP is commonly selected for all TRPs, whereas for Alt 3, the FD basis after cyclic shifting the PDPs with respect to a reference TRP is independently selected. However, as the PDPs for the TRPs are different, using a common FD basis for all TRPs as in Alt 1 may result in performance degradation especially in inter-site scenarios as shown in Table 2.
Table 2: Throughput gain and overhead of Alt 1 and Alt 2 for two and three TRP coherent joint transmission
	
	
	Throughput Gain [%]
	Overhead (in bits)
	Overhead [%]

	2 TRPs
	Alt 1
	105
	340
	198

	
	Alt 2 or Alt 3 
	106
	346
	201

	3 TRPs
	Alt 1
	108
	508
	296

	
	Alt 2 or Alt 3 
	109
	520
	302



Alt 2 on the other hand supports the selection of FD basis independently per TRP unlike Alt 1. However, since Rel. 16/17 FD basis configuration is also supported for Rel. 18 CJT enhancements, the use of a window-based reporting for  is supported. For the window-based reporting, the starting index of the window  is reported in a layer-specific manner. Therefore, for Alt 2,  must be reported in a layer-common manner for all TRPs and for the TRPs other than the reference TRP,  must be reported relative to the  of the reference TRP. Although Alt 2 does not support the use of a per-CSI-RS-resource FD basis offset, the reporting of  can be seen as equivalent to a per-CSI-RS-resource FD basis offset. Therefore, Alt 2 and Alt 3 (from RAN1#111) are functionally equivalent. 
Observation 7: Mode 1 is intended for use in inter-site scenarios, where the delay distribution of the TRPs is different.
Observation 8: For inter-site scenarios, as the FD bases of the cooperating TRPs are not identical, selecting independent FD basis for all TRPs as in Alt 2 results in a best throughput-overhead trade-off compared to Alt 1.
	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


For Rel. 16 eType-II CB and Rel. 17 FeType-II CB, the ordering of the precoder coefficients as well as the bits of the bitmap is given by , where  and  for the Rel. 16 eType II CB and  and  for the Rel. 17 FeType-II CB, ,  ,  and  is the permutation function on the  selected FD indices. Each precoder coefficient is associated with three indices i.e., SD index, FD index and layer index. For Rel. 18 CJT, as each precoder coefficient is associated with four indices, a new ordering scheme must be specified. Three alternatives have been agreed in the previous RAN meeting. 
According to Alt 1, the CSI-RS resource index is designated the highest priority, whereas the layer, SD basis and FD basis are ordered according to the Rel. 16/17 CBs priority rule after the CSI-RS resource index (FD  SD RI  CSI-RS resources). 
According to Alt 2, the order of the priority of the RI layers, SD basis and FD basis from the Rel. 16/17 CB is re-used while designating the lowest priority to the CSI-RS resource index i.e., after FD basis ( FD SD RI). In other words, the precoding coefficients associated with all TRPs are ordered with respect to an increasing CSI-RS resource index and the precoder coefficients associated with each TRP index are ordered according to Rel. 16/17 CBs priority rules/ordering scheme. 
According to Alt 3, the SD indices associated with all CSI-RS resources are summed up across all CSI-RS resources. By doing so, an explicit use of CSI-RS resource like in Alt 1 and Alt 2 is not needed and the priority/ordering of the SD, FD and layer indices are according to the Rel. 16/17 CB priority rules (FDSDRI). 
From the three alternatives, only Alt 2 allows the ordering of the CSI-RS resources. With Alt 1 and Alt 3, in case of omission, the UE may only report partial CSI associated with all TRPs which may not be sufficient to perform a complete multi-TRP transmission whereas with Alt 2, the UE may be allowed to report CSI associated with at least one or more CSI-RS resources in its entirety. In case of omission, only Alt 2 allows the gNB to fall back to single TRP transmission. Therefore, is preferred to support Alt 2.
Re the FD basis permutation, we do not think it is necessary to support permutation like in Rel. 16. It is already supported to cyclically shift the strongest coefficient to FD basis zero and even without permutation, it is always ensured that the precoder coefficients associated with FD basis zero are not dropped in case of omission. Even with permutation, it is not clear how much gain is guaranteed. Therefore, for simplicity, it is preferred to consider . 
If  and if omission occurs, the reported CSI consists only the precoder coefficients associated with a subset of CSI-RS resources. The subset of CSI-RS resources may or may not be associated with the strongest CSI-RS resources among  CSI-RS resources. Therefore, it is paramount that permutation on the TRP indices is needed such that the TRP indices are permuted in such a way that the precoder coefficients associated with the strongest CSI-RS resource or the CSI-RS resource associated the strongest coefficient are ordered first. The ordering of the remaining TRPs can be either based on a decreasing order with respect to the sum power of the precoder coefficients of each TRP. 
Observation 9: In case of CSI omission, only Alt 2 allows the gNB to fall back to a complete single TRP transmission. 
Proposal 3: Support Alt 2 with , where  is the CSI-RS resource index associated with the SCI or the strongest TRP. 
Conclusions
Based on the above discussion, we have the following observations and proposals. 
Observation 1: For both Alt 1 and Alt 3A, the bitmap associated with each -th DD component is given by , and
· for Alt 1, and 
· for Alt 3A,  and .
Observation 2: ForALT3A, the S FD-DD pairs are not jointly selected from an -sized codebook and not reported using a -bit indicator, hence there is no violation of the WID by Alt 3A. 
Observation 3: From the description of Alt 4, for different parameter combinations and values of , the UE selects all  bits associated with the weakest polarization i.e., with the polarization not associated with the SCI. 
Observation 4: Alt 3A with  results in feedback overhead saving of 48 bits, 160 bits and 84 bits for parameter combinations 1-4, 5 and 6, respectively, compared to Alt 1 with negligible loss in performance. 
Observation 5: For Alt 3A, using S = 0.5MQ results in a similar average UPT to that of Alt 1 with large feedback overhead saving. 
Observation 6: In case of omission, Alt 2 or Alt 3 allows the gNB to at least to perform a transmission with the same precoder for all time units which is not possible with Alt 1 or Alt 4. 
Observation 7: Mode 1 is intended for use in inter-site scenarios, where the delay distribution of the TRPs is different.
Observation 8: For inter-site scenarios, as the FD bases of the cooperating TRPs are not identical, selecting independent FD basis for all TRPs as in Alt 2 results in a best throughput-overhead trade-off compared to Alt 1.
Observation 9: In case of CSI omission, only Alt 2 allows the gNB to fall back to a complete single TRP transmission. 
Proposal 1: Support Alt 3A for the indication of the locations of the NZCs as it achieves good average UPT gain-overhead trade-off compared to Alt 1. 
Proposal 2: On the Type-II codebook refinement for high/medium velocities, regarding UCI omission support either 
· Alt 2 with  or 
· Alt 3 with  and . 
Proposal 3: Support Alt 2 with , where  is the CSI-RS resource index associated with the SCI or the strongest TRP. 
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Table 5: Simulation parameters
	Parameter
	Value

	
	Rel. 18 Type-II Doppler 
	Rel. 18 Type-II CJT

	Duplex, Waveform 
	FDD, OFDM

	Multiple access 
	OFDMA

	Scenario
	Outdoor2 
- 1 TRP per sector, 3 sectors per site, 19 sites
- Number of TRPs ( – 2,3
- Both inter- and intra-site selection of TRPs
- Urban Macro 
	- Single TRP 
- Urban Macro for 20, 60 Kmph
Mobility model – Spatial consistency procedure A with 50m decorrelation distance from TS 38.901 
Urban Macro

	ISD
	500m
	200m

	Frequency range
	FR1 only, 2 GHz

	Channel generation 
	According to the TR 38.901

	
	Difference in propagation delays between UE and  TRPs is considered in the composite Channel Impulse Response (CIR) for CJT.
	

	Antenna setup and port layouts at gNB
	32 ports: (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ

	
	Total #ports = 
	

	Antenna setup and port layouts at UE
	4RX: (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ

	BS Tx power 
	44dBm

	BS antenna height 
	25m

	UE antenna height & gain
	Follow TR36.873

	UE receiver noise figure
	9dB

	Modulation 
	Up to 256QAM

	Coding on PDSCH 
	LDPC
Max code-block size=8448bit

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	15kHz

	Simulation bandwidth 
	10 MHz

	Frame structure 
	Slot Format 0 (all downlink) for all slots

	UE distribution
	100% outdoor (20 Km/h)

	UE receiver
	MMSE-IRC

	MIMO scheme
	SU/MU-MIMO with rank adaption 

	MIMO layers 
	2 

	CSI feedback
	CSI feedback periodicity: 5 ms
Scheduling delay: 4 ms
	CSI feedback periodicity for R16 (baseline): 5 ms
CSI feedback periodicity: W ms 
W = (20)

	
	

	UE distribution 
	80% indoor (3 Km/h), 20% outdoor (30 km/h)
	100% outdoor

	Feedback assumption 
	Realistic 

	Channel estimation 
	Realistic

	Measure 
	Averaga UPT  
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