Page 1
3GPP TSG RAN WG1 #112			      R1-2300158
Athens, Greece, February 27th – March 3rd, 2023


Agenda Item:		9.1.2
Source:				InterDigital, Inc.
[bookmark: Title]Title:						Enhanced CSI for CJT and Medium/High UE Velocities
[bookmark: DocumentFor]Document for:		Discussion and Decision

1. INTRODUCTION
The Rel-18 MIMO WID [1] proposes to study enhancements to the CSI measurement and reporting. The WID scope includes the following objectives on CSI enhancements:

	1. Study, and if justified, specify CSI reporting enhancement for high/medium UE velocities by exploiting time-domain correlation/Doppler-domain information to assist DL precoding, targeting FR1, as follows:
· Rel-16/17 Type-II codebook refinement, without modification to the spatial and frequency domain basis
· UE reporting of time-domain channel properties measured via CSI-RS for tracking
[…]
4. Study, and if justified, specify enhancements of CSI acquisition for Coherent-JT targeting FR1 and up to 4 TRPs, assuming ideal backhaul and synchronization as well as the same number of antenna ports across TRPs, as follows:
· Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off
· […]
· Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e. 32



The WID has outlined two specific deployment scenarios for study: High Doppler, and Coherent Joint Transmission (C-JT). In the previous meeting [2], discussion continued on Objectives 1 and 4. In this contribution, we provide our views on Type-II codebook enhancements for these two scenarios. 

2. [bookmark: _Hlk101909975]BACKGROUND
For Rel-18, the WID is focused on CSI enhancements to the Type-II codebook. NR Rel-17 supports two types of codebooks, i.e., Type-I and Type-II codebooks. Type-I codebook is mainly designed for single-user multiple-input-multiple-output (SU-MIMO), whereas the motivation behind Type-II codebook is multi-user (MU-MIMO) operation. The structure of both codebooks, i.e., Type-I and Type-II codebooks in matrix form is as . For both codebooks, the wideband channel state information (CSI) is contained in , whereas the subband CSI is captured in . NR supports two variants of the Type-II codebook that are supported in Rel-17. The first variant enables the UE to report multiple spatial basis vectors and linear combination coefficients from a set of quantized codebooks to approximate the channel matrix and can support up to two-layer transmissions. The second variant, an enhanced version of the Type-II codebook named Enhanced Type-II (eType-II) codebook, was introduced in Rel- 16. In eType-II codebook, the maximum number of supported layers is increased to four. To prevent excessive growth of UCI payload size, a frequency domain compression of  information is introduced.
However, the feedback overhead of Type-II codebooks remains significant and approximately linearly increases with the number of subbands. The issue is exacerbated with the Rel-18 scenarios as the number of reports increases with High Doppler as well as the number of TRPs in a C-JT.

3. HIGH DOPPLER ENHANCEMENTS
Rel-18 MIMO work aims at enhancing CSI for UEs moving with high/medium velocity. Particularly, Rel-18 aims at using time/Doppler domain information to assist downlink (DL) Type-II precoding. For a medium/high velocity scenario, the CSI application windows can be chosen such that the spatial domain (SD) bases and the frequency domain (FD) bases remains the same throughout the window, but the co-phasing coefficients changes several times. Assuming fixed SD and FD bases, with time varying co-phasing coefficients the existing precoder structure of Rel-16/17 changes from  to a time series of precoders, i.e., , where ,  is the number of precoding matrix indicators (PMIs). Since the payload size of a Type-II CSI report is dominated by , reporting a time-series of precoders, i.e.,  PMIs with fixed  and  will generate a massive feedback overhead.

Channel quality indicator
	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)

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 



Rel-18 high Doppler Type-II PMI has  co-phasing coefficient matrices before Doppler domain compression and each co-phasing matrix is spread over  subbands before frequency domain compression. Now, the issue is the number of CQIs in the reporting window and the association of the CQIs to the  sub-bands and the  co-phasing coefficient matrices. Since the wireless channel changes several times during the reporting window, using a higher number of CQIs can result in better throughput performance but at the expense of UE CSI calculation complexity and feedback overhead. The number of CQIs in the reporting window under discussion is X=1 and X>1.  X=1 CQI can be supported as a basic feature and X>1, e.g., X=2 CQIs can be supported as a UE optional feature for more capable UEs.

Observation 1: At high UE velocity, the wireless channel changes several times during the reporting window and therefore the throughput performance will depend on the number of CQIs in the reporting window.

Proposal 1: Support X=1 CQI as a basic feature and X>1 CQIs as UE optional feature.

For the CQI calculation assumption, there are three alternatives. Alt 1 is an entire reporting window based definition of the CQI, Alt 2A is a single-slot based CQI, and Alt 2B is the earliest d slots based CQI. Determining a CQI based on Alt 1 would demand higher UE complexity as the CQI is associated with the entire reporting duration. Moreover, a CQI based on Alt 1 may not offer any meaningful preformnace enhancements as compared to Alt 2A and 2B. 

Observation 2: Averaging a CQI over the entire reporting windown demands high UE complexity.

Proposal 2: Support Alt2A

Locations of NZCs
	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.



The above agreement from RAN1 # 111 summarizes different bitmaps proposed by companies for indicating the location of the non-zero coefficients of the PMI. In our view, locations of the NZCs is not necessarily the same for all Q Doppler-domain bases vectors. Therefore, for Q Doppler-domain bases, Q different 2-dimensional bitmaps are needed for reporting locations of the NZCs.
· Alt 1 is a straight-forward extension of the bitmap used in Rel-16 for location indication of non-zero coefficients of the PMI. 
· Alt 2 proposes the use of source-coding for compressing the bitmap proposed in Alt 1. 
· Alt 3A/B/C propose 2-dimensional bitmap for indicating the locations of the non-zero coefficients of the PMI by reporting  pairs of
· FD and DD basis in Alt3A and SD locations of the non-zero coefficients
· SD and DD basis in Alt3B and FD locations of the non-zero coefficients
· SD and FD basis in Alt3C and DD locations of the non-zero coefficients
· Alt4 propose a bitmap structure where some of the SD and FD pairs are eliminated from the bitmap in Alt 1 for feedback reduction.
In our view, the bitmap structure in Alt 1 demands the highest overhead for reporting locations of the non-zero coefficients but is a simple and straight forward solution. The proposed 2-dimensional bitmaps in Alt 3A/B/C can reduce feedback overhead of reporting locations of the non-zero coefficients as compared to Alt 1, but splitting the 2-dimensional bitmaps of Alt3 A/B/C into two groups for CSI omission is not straight forward and can cause additional issues and will require more specification efforts. Moreover, reporting a pair of FD and DD basis, SD and DD basis, or SD and FD basis and then the location of the non-zero coefficients on the  does not always ensures reporting the dominant non-zero coefficients.
 
Observation 3: Extending the legacy design to Q different bitmaps is a simple solution for indicating locations of non-zero coefficients.

Proposal 3: Support Alt1.

TDCP report
	For the Rel-18 TRS-based TDCP reporting, down select only one of the following alternatives by RAN1#112:
· AltA.1 (Doppler spread) as described in R1-2210523
· AltA.2 (Doppler shift): A UE is configured to report the Doppler shifts corresponding to the M strongest peaks of the wideband Doppler spectrum, for each of the  configured TRS resources
· A TDCP report can be configured with N periodic TRS resources (e.g., N=2 with one TRS resource per TRP)
· Parameter M is RRC configured with candidate values TBD, e.g. M=1,2,3,…
· Wideband Doppler spectrum is calculated from the wideband time correlation function, given, as an example, by  , where   and  is the channel for subcarrier n.
· AltB (TD correlation profile) as described in R1-2210523
Down-selection is to done based on, at least, the (single-)user throughput (LLS) performance comparison among the alternatives assuming:
· Three special cases of an agreed use case (companies can select only one or more): aiding gNB to determine switching between Type-I and Rel-16 eType-II codebooks, or to determine SRS periodicity in the UL-SRS reciprocity-based precoding scheme; or aiding the gNB implementation in CSI prediction for TDD
· In their simulations on switching between Type-I and Rel-16 eType-II codebooks, companies should state how to calculate the metric for the determination and how to set the threshold, and what the UE reports.
· In their simulations on UL-SRS reciprocity-based precoding scheme, companies should state how to set the SRS periodicity based on the reported metrics, and what the UE reports; and the results should be displayed in terms of user throughput vs SRS overhead
· In their simulations on CSI prediction for TDD, the results should be the correlation between real channel and predicted channel, and what the UE reports; aided by the reported metric.
· Other scenarios of the agreed use cases can optionally be simulated 
· Based on the agreed EVM for sTRP and mTRP
Note: Different alternatives may or may not apply to different use cases  
FFS: The need for a measure of confidence level in the TDCP report, and/or UE behaviour when the quality of TDCP measurement is not sufficiently high
FFS: TDCP parameter(s) signalled with respect to each alternative



In our understanding, the main motivation for TDCP report is to have a correct configuration of CSI process that corresponds to the time variation of the wireless channel. In our view, in Alts. A and B, the UE is obliged to report TDCP, even if due to low SNR or other impairments, the accuracy of its measurement is erroneous and not reasonable. Then, when gNB receives the TDCP report, it will react to it without knowing whether the measurement was reliable or not. From our perspective, Alts. A and B could work properly only if we define a UE behaviour for when the accuracy of TDCP measurement is not sufficiently high.
 
Observation 4: In Alts. A and B, the UE is obliged to report TDCP, even if due to low SNR or other impairments, the accuracy of its measurement is erroneous and not reasonable.

Proposal 4: For Alts. A and B, RAN1 studies UE behaviour for when the accuracy of TDCP measurement is not sufficiently high. 

[bookmark: _Hlk118183725]In our view, either of AltA or AltB could work, if a reliability aspect of the measurement is considered and a corresponding UE behaviour for TDCP reporting is studied. Therefore, the type of TDCP content, i.e., whether Doppler based or correlation-based can be left to UE capability.

Observation 5: Either of AltA or AltB could work, if a reliability aspect of the measurement is considered and a corresponding UE behaviour for TDCP reporting is studied. 

Proposal 5: The type of supported TDCP content, i.e., whether AltA or AltB can be indicated by UE.

Therefore, some additional indication can be considered to help gNB assess the quality of TDCP report for CSI configuration and UE/gNB prediction. For instance, a UE can determine a confidence level (CL) of prediction or quality of prediction and report it as part of a TDCP report. The CL of prediction or quality of prediction can be determined by considering a measurement, comparing the predicted CSI and actual CSI measurement, etc.

Observation 6: UE side CSI prediction may not always be accurate and therefore some indication of the CSI prediction quality is needed at the gNB. 

Proposal 6: Include an indication of confidence level (CL) of the estimated TDCP in the TDCP report.

4. C-JT ENHANCEMENTS
FD basis selection
	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


	 
Rel-18 Type-II CJT codebook supports two modes of operation. In Mode 1, the FD basis selection is done  per TRP/TRP-group. In Mode 2, the FD basis is jointly selected across the TRPs/TRP-groups. There are three alternatives under discussion on how to perform the  FD basis selection in Mode 1.
· In Alt 1, one  is commonly selected across N CSI-RS resources, and the FD basis  for CSI-RS resource n is generated as a function of  and a phase offset . The phase offset  can be chosen relative to a reference CSI-RS resources, e.g., a CSI-RS resource with the strongest coefficient. The overhead of reporting the set of FD basis  for  CSI-RS resources is equal to the overhead of reporting  for each CSI-RS resource and the overhead of reporting a common  for all CSI-RS resources.
· In Alt 2, the FD basis  are independently selected across  CSI-RS resources like Alt 3 without the phase shifts, i.e., Alt 2 precludes the use of a FD basis selection offset for a CSI-RS resource relative to a reference CSI-RS resource. The overhead of reporting FD basis in Alt 2 is the same as the overhead of reporting  in Alt 3. Therefore, the overhead of reporting the FD basis as per Alt 1 is less than Alt 2 and Alt 3.. 
· In Alt 3, N independent FD basis  are selected across N CSI-RS resources where the FD basis  across each of  subbands is generated as a function of  and   is independently selected for each n. The feedback overhead of reporting all  is N times the overhead of reporting  in Rel - 16. The feedback overhead of reporting  is nearly N times the feedback overhead of Alt 1. However, independent selection of  across N CSI-RS resources results in better compression of the PMI as compared to common selection of  in Alt 1.
Alt 3 may provide better compression of the PMI as compared to Alt 1 and Alt 2 due to the independed selection of  across N CSI-RS resources. However, the feedback overhead of reporting the FD basis as per Alt 3 is higher than the feedback overhead in Alt 1 and Alt 2. It is not clear if compression of the CJT PMI using the FD basis in Alt 3 will result in significant performance gain as compared to compression of the CJT PMI using FD basis in Alt 1 and Alt 2. Therefore, some studies for overhead and throughput are needed to justify the use of Alt 3 over Alt 1 and Alt 2. 
The CJT channel consists of one aggregated channel received from multiple TRPs, so in our view one  captures most of the compression for the aggregated channel, and the phase offsets are reported to do secondary adjustments per TRP. Alt 1 seems a straight-forward and simple solution for generating and reporting FD basis and offers a better tradeoff between feedback overhead and performance .
Observation 7: Overall feedback overhead of a CJT PMI depends on the FD basis being commonly or independently selected across the CSI-RS resources. 

Proposal 7: Support Alt1. 

SD basis selection
	On the Type-II codebook refinement for CJT mTRP, on the L parameter, down select from the following alternatives (by RAN1#111):
· Alt1. Each of the {Ln, n=1, ..., N} is gNB-configured via higher-layer (RRC) signaling
· Alt4. Lmax is gNB-configured via higher-layer (RRC) signaling and the relative value(s) of {Ln, n=1, ..., N} are reported by the UE
· The relative value(s) of {Ln, n=1, ..., N} are reported by the UE, such that 
· TBD: Whether the value(s) of {Ln, n=1, ..., N} or the total value of  are reported implicitly or explicitly
FFS (by RAN1#111): 
· Whether the supported candidate values for Ln follow the legacy candidate values for L, or some additional value(s) are also supported
· If Alt4 is supported, whether the candidate values for Ln are gNB-configured via higher-layer signaling

On the Type-II codebook refinement for CJT mTRP, regarding the SD basis selection, for a configured value of NTRP, a set of NL combinations of values for {L1, ..., LNTRP} is gNB-configured via higher-layer (RRC) signaling
· When NL>1, the selected combination of values for {L1, ..., LNTRP} is reported in CSI part 1 using an indicator, selected from the NL configured combinations
· NL =1 is one of the supported candidate values 
· FFS: Other supported value(s) of NL, and its respective UE capability
· FFS: The supported combinations of values for {L1, ..., LNTRP}
· Following the legacy design, the SD basis selection for the n-th (n=1,...,N) selected CSI-RS resource is indicated in CSI part 2 using a combinatorial indicator selected from a set of   codepoints where, for Rel-16-based refinement PCSI-RS = 2*N1N2.
· The supported candidate values for each of the Ln parameters include the legacy candidate values, i.e. {2,4,6} for Rel-16-based refinement, and 
· for Rel-17-based refinement, the gNB configures a set of N_L combinations for {alpha1, ..., alphaNTRP}   where  
FFS: Whether the set of NL combinations of values for {L1, ..., LNTRP} can be implicitly derived
Following the legacy design, for all the selected N CSI-RS resources, the SD basis oversampling group for each CSI-RS resource is indicated in CSI part 2 using an indicator selected from a set of O1O2 codepoints.



For the SD basis selection, TRP/TRP-group n is configured with a number of bases . There are two alternatives under discussion with different tradeoffs in performance and reporting overhead.
· In Alt1, all  values are RRC preconfigured and the UE searches only within the restricted set. This eases up the UE’s CSI computation since the search space is restricted to a fixed number of SD basis. The drawback of Alt1 is the reduced flexibility since the UE searches from a restricted set of Ln combinations. 
· In Alt4, only the maximum number of basis, 𝐿𝑚𝑎𝑥, is RRC configured, and it is up to the UE to determine the optimal sum-total of basis, L, and the combination of 𝐿𝑛 values such that . The UE can therefore search through all possibilities to find the optimal set of basis; however, it is not clear if the performance gain is sufficient to justify the additional complexity imposed at the UE. 
Alt1 is the simplest scheme, and it can be useful for UEs with limited capabilities for CSI computation. Therefore, our preference is to consider Alt 1 as the mandatory case. For more capable UEs, Alt 4 can be considered as an optional UE feature. To ease the complexity of Alt 4, our preference is that a set of  combinations is RRC configured to give the UE a restricted search space. 
It is also FFS whether the  values are reused from legacy, or if new values are introduced.The SD basis are indicated in CSI part 2 using a combinatorial indicator selected from a set of codepoints. The number of codepoints in the set for a given CSI-RS resource depends on the number of SD basis . The supported candidate values for the  parameters can follow the legacy candidate values.

Observation 8: Without complexity mitigating solutions, searching for the optimal combination of  values requires an exhaustive search on the UE side. 

Proposal 8: Support Alt1 as the basic case, and Alt4 as an optional UE feature with RRC configured candidate  values. 

Codebook parameters
	On the Type-II codebook refinement for CJT mTRP, regarding the codebook parameter , introduce as a candidate value  = 1/8 in addition to the supported value(s) from the legacy specification.
· FFS (by RAN1#111): whether additional value 1 can also be added

On the Type-II codebook refinement for CJT mTRP, regarding the codebook parameter pv, support the additional value of pv=1/2 for v=1,2,3,4 with the following condition:
Only to be used in combination with other parameter value(s) to limit the increase in PMI overhead comparable to the maximum overhead of the legacy Rel-16/17 Type-II codebooks (exact parameter combination(s) FFS)

On the Type-II codebook refinement for CJT mTRP, regarding the codebook parameter pv, in addition to the supported value(s) from the legacy specification for Rel-16 regular eType-II codebook, introduce as a candidate value
· pv = 1/8 for v=1,2 (hence 1/16 for v=3,4)
FFS (by RAN1#111): whether additional value pv = 1/2 for v=1,2,3,4 can also be added


	The codebook parameter  bounds the number of non-zero coefficients of the PMI. For CJT PMI with N CSI-RS resources, the use of  reduces the feedback overhead of reporting a CJT PMI. Introducing an additional value of  excessisvely increases the feedback overhead of CJT PMI reporting. Therefore, legacy candidate values of  should be used along with the introduction of smaller values of e.g., .
	The codebook parameter pv is used to determines the number of FD basis units for compression. To limit the increase in CJT PMI overhead, a smaller value of pv (especially for a larger number of layer, e.g., ) can be introduced. Using pv=1/2 can increase the overhead of CJT PMI reporting especially when .
Observation 9: Smaller values of codebook parameters  and pv help to limit the overhead of CJT PMI reporting.

Proposal 9: Do not introduce  for , and .

5. CONCLUSION
In this contributions, we provided our views regarding CSI enhancements for Rel-18 MIMO. Based on the presented discussion, we make the following observations and proposals.

CSI Enhancement for High Doppler

Observation 1: At high UE velocity, the wireless channel changes several times during the reporting window and therefore the throughput performance will depend on the number of CQIs in the reporting window.

Observation 2: Averaging a CQI over the entire reporting windown demands high UE complexity.

Observation 3: Extending the legacy design to Q different bitmaps is a simple solution for indicating locations of non-zero coefficients.

Observation 4: In Alts. A and B, the UE is obliged to report TDCP, even if due to low SNR or other impairments, the accuracy of its measurement is erroneous and not reasonable.

Observation 5: Either of AltA or AltB could work, if a reliability aspect of the measurement is considered and a corresponding UE behaviour for TDCP reporting is studied. 

Observation 6: UE side CSI prediction may not always be accurate and therefore some indication of the CSI prediction quality is needed at the gNB. 

Proposal 1: Support X=1 CQI as a basic feature and X>1 CQIs as UE optional feature.

Proposal 2: Support Alt2A

Proposal 3: Support Alt1.

Proposal 4: For Alts. A and B, RAN1 studies UE behaviour for when the accuracy of TDCP measurement is not sufficiently high. 

Proposal 5: The type of supported TDCP content, i.e., whether AltA or AltB can be indicated by UE.

Proposal 6: Include an indication of confidence level (CL) of the estimated TDCP in the TDCP report.

CSI Enhancement for CJT

Observation 7: Overall feedback overhead of a CJT PMI depends on the FD basis being commonly or independently selected across the CSI-RS resources. 

Observation 8: Without complexity mitigating solutions, searching for the optimal combination of  values requires an exhaustive search on the UE side. 
Observation 9: Smaller values of codebook parameters  and pv help to limit the overhead of CJT PMI reporting.

Proposal 7: Support Alt1. 

Proposal 8: Support Alt1 as the basic case, and Alt4 as an optional UE feature with RRC configured candidate  values. 

Proposal 9: Do not introduce  for , and .
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