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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#111 [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. 
Regarding the work scope of Type-II codebook refinement for high/medium velocities, enhancements on Rel. 17 FeType-II PS codebook should be supported as the workload is small as only delay reciprocity is assumed, and Doppler reciprocity is not assumed. In our view, only some of the parameter combinations need some refinement as all other codebook aspects are straightforward extensions.
Proposal 1: Support Rel. 18 Type-II codebook enhancements on Rel. 17 FeType-II PS codebook as the workload is minimal as all codebook aspects are straight forward extensions. 
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, for N4>1, regarding parameter Q, decide in RAN1#112 whether to support the additional values of 3 and/or 4


According to the agreement, the enhanced Type II CB is expressed as and the DD components are selected commonly for all SD and FD components. However, from our evaluations, each beamformed channel/SD component is associated with a different Doppler spread/shift and hence the dominant DD components for each SD-FD pair are different. Moreover, we also observed that one or two dominant DD components per SD component seems to be sufficient to achieve a reasonable performance gain compared to the legacy Rel. 16 codebook. Taking the union of all dominant DD components selected across all SD and FD components results in a minimum of  DD components. Therefore, in addition to , larger values of  need to be supported. Table 1 shows the cell averaged throughput gain for different values of commonly selected  DD components across all SD components. It can be clearly observed that for different  values, the throughput gain of the enhanced Type II CB increases with increasing number of DD components. 
	
	Q = 2
	Q = 3

	Speed 
	
	
	
	

	20 Kmph
	5.6%
	4.8%
	6.8%
	5.7%

	60 Kmph
	3.4%
	2.9%
	4.3%
	3.6%


Table 1: Throughput gain [%] of the Rel. 18 CB over the baseline for different values of    and different number of DD components for fixed non-zero precoder coefficient  and .
Observation 1: The throughput gain of the enhanced Type II CB increases with increasing number of DD components for different  values. 
Proposal 2: Support one another value of  in addition to Q = 2. 
	Agreement
For the Type-II codebook refinement for high/medium velocities, regarding the parameter N4 (length of DFT vector, unit-less), support 8 as an additional candidate value
· FFS (by RAN1#112): Whether any of the following additional candidate values are supported: 3, 5, 16, 32
· The candidate values supported by UE are reported via UE capability (details can be discussed in UE feature). 


In RAN1#111, four values i.e., 1,2,4,8 is supported as the candidate values of . However, the support for additional values of  are yet to be decided in RAN1#112. In our evaluations shown in Table 1, at least for low UE speeds,  showed significant performance gains. Therefore, in our view, one additional value of  can be supported. 
Proposal 3: Support  in addition to {1,2,4,8}.
	Agreement
For the Type-II codebook refinement for high/medium velocities, in one CSI reporting instance, for a given CQI sub-band, at least support including one CQI 
· FFS: The association of the CQI with PMI(s) and/or slot(s) within one duration of CSI reporting window WCSI
· FFS: The support for including more than one CQIs 
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), 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 
· 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
 Agreement
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)
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]



In RAN1#111, three alternatives have been captured regarding the time instance in which a CQI is associated with. In Alt 1, the CQI is associated with the entire CSI reporting window  and all  matrices. In Alt 2A, the CQI is associated with the first/earliest slot of the  slots and the first/earliest slots of the   matrices, whereas in Alt 2B, the CQI is associated with the first/earliest  slots of the  slots and the first/earliest one of the   matrices. It has been argued by several companies that CQI should be associated with the entire  slots, whereas few companies argue that CQI should be associated with the first/earliest  slots of the  slots as the CQI cannot be calculated due to interference. As a compromise, offline proposal 2.B.1 has been proposed by the FL. In our evaluations, it has been found that for small  values, a single CQI is sufficient, whereas for larger  values as shown in Table 1, at least 2 two CQI values are required to achieve throughput gains compared to Rel. 16 eType-II CBs. Therefore, in addition to X = 1, X = 2 should be a basis feature as well. 
Observation 2: X = 2 is beneficial especially for large values of .
Proposal 4: Support X = 2 in addition to X = 1 as a basic feature.

	Latest status from RAN1#111: 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: 
· 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.


Offline proposal 2.E.1: 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: 
· 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.



In the following, some alternatives for the bitmap of Rel. 18 codebook enhancements are compared and discussed. 
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. 
[image: ]
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. Several methods to exploit the channel/precoder sparsity is captured in Alt 3 family exploiting sparsity in different domains are discussed in detail below. 

	
	Alt 1
	Alt 3A
	Alt 3B
	Alt 3C
	
	Alt 1
	Alt 3A

	
	
	Indication of S delay-Doppler pairs 
	Indication of NZCs location 
	Indication of S angle-Doppler pairs 
	
	
	Indication of S delay-Doppler pairs 

	(1) Indication of S component pairs
	
	
	
	
	(1) Indication of S component pairs
	
	

	(2) Indication of NZC location 
	
	
	
	
	(2) Indication of NZC location 
	
	

	(3) Indication of number in  S in CSI part 1
	
	Not needed, S = M is sufficient 
	
	
	(3) Indication of number in  S in CSI part 1
	
	Not needed, S = M is sufficient 

	Total feedback overhead 
	
	
	
	
	Total feedback overhead 
	
	


Table 2: Feedback overhead associated with the bitmap of Alt 1 and Alt 3A, 3B and 3C.  
Alt 3A: According to the agreement, the FD and DD components are commonly selected 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/beamformed channel is only associated with very few (either one or two) dominant FD-TD component pairs and not with all  FD-DD component pairs. As the FD-DD components pairs are commonly selected 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 3 is depicted in Figure 2 and summarized in Table 3. For Alt3A,  common FD-DD pairs from  FD-DD pairs across all 2L SD components are selected. 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.
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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.
Alt 3B: In this alternative,  SD-DD pairs are selected. The overall feedback overhead of Alt 3B is summarized in Table 3. For Alt3B,  common SD-DD pairs from  SD-DD pairs across all  FD components are selected. Each SD-DD pair is associated with an SD component and DD component , where 1 and 1. The selected  common SD-DD pairs  are indicated in the CSI report. This results in a total of -bit bitmap for the indication of the S selected SD-DD pairs. The location of the non-zero coefficients is indicated by a reduced-size bitmap of size S. Therefore, the total feedback overhead for Alt3B is  bits. 
Alt 3C: In this alternative, instead of FD-DD pairs,  SD-FD pairs are selected. The overall feedback overhead of Alt 3C is summarized in Table 3. For Alt3C,  common SD-FD pairs from  SD-FD pairs across all  DD components are selected. Each SD-FD pair is associated with an SD component and FD component , where 1 and 1. The selected  common SD-FD pairs  are indicated in the CSI report. This results in a total of -bit bitmap for the indication of the S selected SD-FD pairs. The location of the non-zero coefficients is indicated by a reduced-size bitmap of size QS. Therefore, the total feedback overhead for Alt3C is  bits.
Moreover, 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. 
Figure 3 and Figure 4 show the cell averaged throughput gain of Alt 1, Alt 3A ( SD-FD pairs), Alt 3B ( FD-DD pairs) and Alt 3C ( SD-FD pairs) for varying value of .  It can be observed that for smaller values of  i.e., 8 SD-FD pairs, Alt 3B and Alt 3C results in a throughput loss compared to Alt1, whereas for higher values of S, i.e., 16 and 24 pairs, the achieved throughput gain is closer to that of Alt 1. Although Alt 3B/3C results in overhead reduction for smaller number of SD-DD/SD-FD pairs values, for increasing SD-DD/SD-FD pairs, the feedback overhead becomes closer or exceeds the overhead of Alt 1 especially for  SD-FD pairs. Alt 3A on the other hand results in a massive feedback reduction of 24 bits and 44 bits for each layer for  and , respectively, however with performance close to that of Alt 1. Therefore, considering the throughput and
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Figure 3: Throughput gain and overhead feedback in bits for Alt 1, Alt 3A, Alt 3B and Alt 3C for Q = 2 DD components and  .
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Figure 4: Throughput gain and overhead feedback in bits for Alt 1, Alt 3A, Alt 3B and Alt 3C for Q = 3 DD components and .
feedback overhead trade-off, Alt 3A shall be supported to indicate the location of the non-zero coefficients. The main drawback of Alt 3B and 3C is that the feedback overhead heavily depends on the number of selected component pairs . Selecting a small value of  to reduce the feedback overhead results in throughput degradation, whereas selecting a large value of  results in similar feedback overhead to that of Alt 1. Moreover, for Alt 3B and Alt 3C, as the sparsity is exploited only in the angle-Doppler and angle-delay domain, respectively, restricting the number of SD-DD or SD-FD pairs results in a further restriction of the SD component selection which seems to be the main reason for the throughput degradation which is not the case with Alt 3A. Moreover, the value of S can also be fixed for Alt 3A.
Observation 3: Alt 3A exploits channel sparsity only in the angle-delay domain. 
Observation 4: Exploiting sparsity in the angle-Doppler/angle-delay domain like in Alt 3B/3C introduces further restriction on the SD components on which the performance is heavily dependent on.
Observation 5: For larger number of SD-DD/SD-FD pairs. Alt 3B/3C results in a similar throughput to that of Alt 1, however with only a minor feedback reduction.
Observation 6: For L = 4 and M =4, Alt 3A results in 24 bits and 56 bits overhead reduction per layer for Q = 2 and Q = 3 DD components, respectively with performance close to that of Alt 1.
Proposal 5: Support Alt 3A as it achieves good throughput-overhead trade-off compared to Alt 1. 
Proposal 6: The value of S can be configurable to the UE or fixed for Alt 3A.
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#111 and offline discussion, additional details related to codebook structure and CSI reporting for Type-II CJT mTRP are discussed. 

	111] 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)
· 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 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, in order to reduce the feedback overhead associated with the FD basis indication for Mode 1, three alternatives have been agreed by the companies for further study 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 Figure 3. 
Table 3: 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
	105,3
	340
	198

	
	Alt 3
	106
	346
	201,2

	3 TRPs
	Alt 1
	107,8
	508
	296

	
	Alt 3
	109
	520
	302



Alt 2 on the other hand does not support the use of a per-CSI-RS-resource FD basis offset. 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. For Alt 2, the  parameter can be made equivalent to per-CSI-RS-resource FD basis offset if  is reported in a layer-common manner for all TRPs and for the TRPs other than the reference TRP,  can be reported relative to the  of the reference TRP. By doing so, Alt 2 can become equivalent to Alt 3. 
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, ss the FD bases of the cooperating TRPs are not identical, selecting independent FD basis for all TRPs as in Alt 3 results in a best throughput-overhead trade-off compared to Alt 1.
Observation 9: Alt 2 can be made equivalent to Alt 3 by reporting the  of the TRPs other than the reference TRP relative to the  of the reference TRP. 
Proposal 7: Support Alt 3.
UCI Omission
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 Rel. 18 CJT, as each precoder coefficient is associated with four indices, a new ordering scheme must be specified. To keep the specification simple, the fourth index. i.e., the TRP index can be incorporated in the following manner. 
In a first method, the precoding coefficients associated with all TRPs are ordered with respect to an increasing TRP index and the precoder coefficients associated with each TRP index are ordered according to Rel. 16/Rel.17 ordering and the coefficient ordering is given by  , where  and  is a permutation function on the TRP indices. If  and if omission occurs, the reported CSI consists only the precoder coefficients associated with a subset of TRPs. The subset of TRPs may be the weakest ones among  TRPs. Therefore, it is paramount that permutation on the TRP indices is needed such that the TRP indices are ordered in a decreasing order with respect to the sum power of the precoder coefficients of each TRP. 
In a second method, the TRP indices are interleaved, and the coefficient ordering is given by the priority equation . In this method, a permutation of the TRP indices may not be needed as the precoder coefficients of all TRPs are interleaved. If omission occurs, only a subset of the precoder coefficients associated with all TRPs are dropped instead of dropping all precoder coefficients associated with a single TRP thus supporting a CJT multi-TRP transmission. 
Proposal 8: Study permutation of the TRP indices such that the TRPs are ordered in a decreasing order with respect to a sum power of the precoder coefficients.
Conclusions
Based on the above discussion, we have the following observations and proposals. 
Proposal 1: Support Rel. 18 Type-II codebook enhancements on Rel. 17 FeType-II PS codebook as the workload is minimal as all codebook aspects are straight forward extensions. 
Observation 1: The throughput gain of the enhanced Type II CB increases with increasing number of DD components for different  values. 
Proposal 2: Support one another value of  in addition to Q = 2. 
Proposal 3: Support  in addition to {1,2,4,8}.
Observation 2: X = 2 is beneficial especially for large values of .
Proposal 4: Support X = 2 in addition to X = 1 as a basic feature.
Observation 3: Alt 3A exploits channel sparsity only in the angle-delay domain. 
Observation 4: Exploiting sparsity in the angle-Doppler/angle-delay domain like in Alt 3B/3C introduces further restriction on the SD components on which the performance is heavily dependent on.
Observation 5: For larger number of SD-DD/SD-FD pairs. Alt 3B/3C results in a similar throughput to that of Alt 1, however with only a minor feedback reduction.
Observation 6: For L = 4 and M =4, Alt 3A results in 24 bits and 56 bits overhead reduction per layer for Q = 2 and Q = 3 DD components, respectively with performance close to that of Alt 1.
Proposal 5: Support Alt 3A as it achieves good throughput-overhead trade-off compared to Alt 1. 
Proposal 6: The value of S can be configurable to the UE or fixed for Alt 3A. 
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, ss the FD bases of the cooperating TRPs are not identical, selecting independent FD basis for all TRPs as in Alt 3 results in a best throughput-overhead trade-off compared to Alt 1.
Observation 9: Alt 2 can be made equivalent to Alt 3 by reporting the  of the TRPs other than the reference TRP relative to the  of the reference TRP. 
Proposal 7: Support Alt 3.
Proposal 8: Study permutation of the TRP indices such that the TRPs are ordered in a decreasing order with respect to a sum power of the precoder coefficients.
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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, 40)

	
	

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