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Introduction
In this contribution, we provide our discussion on CSI reporting enhancements, time domain channel property (TDCP) reporting for high/medium UE velocities, and CSI acquisition enhancements for coherent joint transmission (CJT).
CSI reporting enhancement for high/medium UE velocities
Discussion on the remaining issue of Type-II codebook with Doppler domain basis enhancement
Work scope of Type-II codebook refinement
The following agreement on whether to prioritize or down-select from Rel-16 eType-II regular codebook and Rel-17 FeType-II port selection (PS) codebook was achieved in the RAN1#109-e meeting [1]. 
	Agreement
[bookmark: _Hlk104410831]The work scope of Type-II codebook refinement for high/medium velocities includes refinement of the following codebooks, based on a common design framework:
· Rel-16 eType-II regular codebook
· Rel-17 FeType-II port selection (PS) codebook
FFS: Whether to prioritize/down-select from the two


The codebook refinement based on both codebook types can be used to improve system performance or reduce feedback overhead for high/medium UE velocities. However, if Rel-17 Type II codebook is supported to refine for high/medium velocities, additional spec workload is required. At current stage, we prefer to codebook refinement based on Rel-16 eType-II regular codebook with high priority. If there are still available 3GPP TU for this topic, we are open to study codebook refinement based on Rel-17 FeType-II PS codebook.
Proposal 1: The refinement based on Rel-16 eType-II regular codebook is adopted with high priority for high/medium velocities.  
Codebook parameters
Based on discussion in the last meeting, the values of codebook parameter on the length of DD basis N4, the number of DD basis Q, the number of AP-CSI-RS resources for the CMR, time domain compression unit d are remained to further discuss. The supported values of these parameters are discussed respectively in the following.   
· Parameter N4
In [1], N4=1, 2, 4 ,8 have been supported. The remained question is whether N4=3, 5 or more larger value, e.g., 16 are supported. In our view, there will be no much difference between N4=3 or 5 and 4. Since N4=4 has been supported. It is not necessary to support N4=3 or 5. For N4=16, UE will be required to calculate and predict more channel information of different time instance. This is a challenge task for UE. It requires UE has strong computation capability. If there is no much performance gain, N4=16 should not be supported.
Proposal 2: It is not necessary to support N4=3 or 5. In addition, N4=16 should also be not supported if the performance gain is smaller.
· Parameter Q 
In the last meeting, Q=2 has been supported. The remained issue is whether Q=3 or 4 can be supported. Larger Q can increase system performance, but it will also incur larger feedback overhead. Therefore, the tradeoff between performance and overhead should be considered to decide whether support Q=3 or 4.
Proposal 3: Q=3 or 4 can be considered if better tradeoff between performance and overhead can be achieved. 
· Parameter d 
For AP-CSI-RS, the value d is equal to m which denotes the interval between adjacent AP-CSI-RS resource, which has been agreed in the last meeting. If the configured CMR is P/SP-CSI-RS, it is straightforward that the value d can be equal to period of P/SP-CSI-RS. In our view, d which is smaller than the period of P/SP-CSI-RS can also be supported. The smaller value d, e.g., d=1 or 2 can help improve the accuracy of calculated PMI, which can increase system performance.
Proposal 4: If the configured CMR is P/SP-CSI-RS,  it can be supported that d is configured as the period of P/SP-CSI-RS or smaller value, e.g., 1, 2.
· Parameter combination
From the codebook parameter perspective, eType II codebook enhancement with DD basis includes additional DD basis compared with eType II codebook. Therefore, parameter combination should include the number of DD basis. According to our understanding, the feedback overhead of eType II enhancement with DD basis should be similar with eType II codebook as far as possible considering limited uplink resource allocation. Since the number of SD basis and FD basis are remained invariable, the value of parameter  should be set to smaller value if the total overhead are kept similar with eType II codebook. The detail value of  needs to be decided based on the performance evaluation. 
Proposal 5: The feedback overhead of eType II codebook enhancement with DD basis should be similar with that of eTypeII codebook by configuring smaller values  compared with eType II codebook, where  is used to control the number of non-zero coefficients. 
Non-zero coefficients of combination coefficient matrix 
Based on offline discussion, the following proposal on the non-zero coefficients (NZC) of combination coefficients quantization and indication were provided by feature leader according to input of different companies. 
	Offline proposal 2.D.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 

Offline proposal 2.D.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:
· 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 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: 
· 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.


For eType II codebook, the codebook structure  is . The amplitude and phase of combination coefficients are respectively quantized. The amplitude of combination coefficients which are divided into two groups according to polarization of SD beams are quantized through differential method, i.e., the amplitude is expressed as the multiple of both reference amplitude which corresponds a group and differential amplitude. The reference amplitude corresponds to the group including the strongest coefficients will not be reported.
When N4>1, the codebook structure is written as  . Compared with structure  of eType II codebook, the main difference of coefficients matric  includes more columns than . The rows of both  and  corresponds SD basis. From this perspective, the amplitude and phase quantization of the eType II codebook enhancement with DD basis can reuse the similar way with eType II codebook.
Proposal 6: Support the non-zero coefficients are quantized through legacy quantization scheme, i.e., amplitude with two group and phase with one group are respectively quantized, and amplitude are quantized through differential method.  
According to discussion, there are six alternatives to indicate the location of NZC. Alt 1 reuses the legacy method to indicate the location of NZC. But the indication overhead will be significantly increased if larger value of Q is supported. The total indication overhead of Alt 1 is Q, where  is the number of the selected SD basis,  is the number of the selected FD basis for rank v.  The indication method of Alt2 and Alt4 is more complex than other alternatives. Alt 3A can alleviate the indication overhead of NZC by using a DD-basis-common bitmap, which make the total indication overhead is . Considering the location of NZC for different DD basis may be different, some dominated coefficients may be dropped by using Alt3A, which will degrade system performance. In order to reduce the indication overhead of NZC without performance loss, we propose  bits are used to indicate the location of NZC, where S denotes the number of the selected FD-DD basis pairs, and the selected FD-DD basis pairs can be indicated through  bits. Therefore, the total overhead is . The value of  can be configured as . Then, the total overhead is  which is still smaller than Q. According to codebook structure , , compared with Alt3B and Alt3C, Alt3A is nature and straightforward way to indicate the location of non-zero coefficients.
Proposal 7: Alt3A is supported to indication the location of non-zero coefficients, i.e.,  bits are used to indicate the location of NZC, where denotes the number of the selected FD-DD basis pairs and additional  bits are used to indicate the selected FD-DD basis pairs.
Assume total  NZCs for each layer are reported by UE. In order to make UE freely select these coefficients from Q combination coefficients, the number of NZCs should be upper bounded across all DD basis vectors. The number of NZCs can be set as  for each layer as legacy design, where .
Proposal 8: The number of non-zero coefficients equaling to  is regarded as a starting point, where .
Discussion on CSI measurement and CSI reporting 
CSI measurement
For the eType II codebook enhancement with DD basis, P/SP-CSI-RS and AP-CSI-RS resource are supported to measure CSI. It has been agreed that K AP-CSI-RS can be used as CMR, and the value of K can be equal to 4 or 8. One remained issue is whether supports K=5 or 16. The motivation of the K AP CSI-RS resources is used to predict the channel of the future instance, such that the Doppler information can be captured to compress time domain channel information. The value of K is associated with the accuracy of predication channel. I.e., larger value of K can lead to higher channel prediction accuracy. However, the overhead of CSI-RS resource is increased as well.  For K=4 and 5, since there is no much difference for, we think the performance of K=4 and 5 is similar. It is not necessary to support K=5.  Although K=16 can help to increase the accuracy of channel prediction, the CSI-RS resource overhead is significantly increased as well. 
 Proposal 9: K=5 or K= 16 is not necessary to support.  
CSI reporting
In [1], the following agreements on value(s) for δ which determines the location of channel prediction at UE side were provided. 
	Agreement
[bookmark: _Hlk126742812]For the Type-II codebook refinement for high/medium velocities, the parameter δ (in slots) is gNB-configured via higher-layer (RRC) signalling from a set of the following candidate values:
· [bookmark: _Hlk126742829]First candidate value: δ=0, 
· 2 additional non-zero values of parameter δ are supported
· FFS: the non-zero value(s), to be selected from 1, 2, 3, 4, 5, 6, and 8

Agreement
For the Type-II codebook refinement for high/medium velocities, regarding the parameter δ (in slots), support the additional value of 2
FFS (by RAN1#112): For the last supported additional value, down select between 1, 3, 4, and 5


The values of δ is used to determine the starting point of CSI reporting window, and δ=0 and 2 have been supported. The remained issue is which additional value should be supported. In our view, when N4 =1 and WCSI =1, only one PMI is reported in a CSI reporting window. In order to make gNB adopt the accurate predicated PMI, it is reasonable that the value of  is larger than zero, e.g.,. When N4 >1,   can also help to increase system performance. Since gNB has schedule or process delay, gNB will not use the reporting the CSI at the reporting instance n, i.e., . The schedule or process delay may be different for different gNB, more than one  can be supported. Therefore,  can be considered to support.
Proposal 10: An additional  can be considered to support.
In [1], the following agreement on CQI calculation were identified. A offline proposal on CQI calculation was provided based on offline discussion.
	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 the reporting window, the calculation PMI and channel at different compression unit are variable. If Alt2A or Alt2B are adopted, the accuracy of calculated CQI may be worse than that of calculated CQI by using Alt1, since Alt 1 adopts all channel and corresponding PMI in the reporting window. However, Alt2A has least computation complexity. Therefore, Alt2A can also be considered if it does not incur too much performance loss. 
Proposal 11: Alt1 can be supported to obtain the accurate CQI. Alt2A can also be considered due to its less computation complexity.
The PMI keeps invariant in a compression unit. PMIs in different compression units are different due to channel variation. Accordingly, the CQI will also be changed as both PMI and downlink channel varies, even though the variation of CQI is slower than that of PMI. If only one CQI is reported to gNB in the CSI reporting window, the system performance may be degraded due to mismatch between CQI and downlink channel. Therefore, multiple CQI should be reported in a CSI reporting instance. More CQI reporting will consume more feedback overhead. Considering the tradeoff between performance and feedback overhead, at least X=2 should be supported.
Proposal 12: At least X=2 CQI corresponding to different instances should be supported.
One question is how to define the time instance of calculating CQI.  Assume that X=2 CQI  are reported in a CSI reporting window . For simplicity, we suggest that the instance of calculating CQI is defined as , where , l denotes the boundary of CSI reporting window . This definition means that the CSI reporting window is uniformly divided into X parts, as shown in Figure 1. The red and blue lines show the time instances of calculating CQI. 


Figure 1. The illustration of three instances of calculating CQI
Proposal 13: When N4>1, at least   =2 CQI needs to be calculated corresponding to time instance , where , l denotes the boundary of CSI reporting window ,   is the number of calculated CQI at different instances.
TDCP reporting for high/medium UE velocities
The agreements on TDCP reporting were achieved in the RAN1#111 meeting as follows.  
	Agreement
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


According to above agreement, one alternative is selected from the three alternatives based on throughput performance for three use cases. For the fair comparison, the signalling overhead of TRS configuration should be same. Compared with the AltA.1, the performance of both AltB and AltA.2 is significantly depended on the TRS configuration, since both of them need to calculate the time domain correlation value for different delay values  which is determined by the location of TRS symbols. AltB needs to report non-zero quantized version of time domain correlation value, i.e., A(t,) which is given in [3].  For AltB, it needs to study how many values A(t,)  and which values A(t,) to report. Therefore, before comparing the three alternatives, we firstly study the TRS configuration and TDCP reporting of AltB.
TRS configuration of AltB


In current specification [4], periodic TRS (P-TRS) and aperiodic TRS (A-TRS) resource can be configured, and each TRS burst contains four CSI-RS resource on two adjacent slots. The period of P-TRS can be configured as slots where 10, 20, 40, or 80, where the value µ is associated with the subcarrier size. If µ=1, the minimum period of is 20 slots. The time domain correlation will become weak if only P-TRS are configured with large period, which may result in inaccurate TDCP. In order to address this issue, one way is that small period, e.g., 2 slots or 3 slots is configured. The other way is that both P-TRS and A-TRS resource are jointly configured. The latter one can reuse the current configuration. It does not have too much specification impact. 
One question is how many TRS bursts are configured and how to configure the lags of between TRS bursts for P-TRS and/or A-TRS to obtain accurate TDCP. We consider the three simple patterns of TRS configuration, as shown in Fig. 2.


Figure 2. TRS resource configuration pattern for TDCP reporting
In the figure, Pattern-1 includes two P-TRS resource are used for TDCP reporting. Pattern-2 includes one P-TRS resource and four A-TRS resource in one period are configured for TDCP reporting. Pattern-3 includes two periods in which TRS resource of each period are configured as Pattern-2. Each P-TRS or A-TRS burst includes 4 slots. In Fig.3, Doppler shift estimation error for different speed and different SNR. The simulation assumption is given in Table 1 in Appendix 7. During the simulation, the period T is set to 20 slots. The intervals of adjacent TRS burst is set to 2 slots, as shown in Fig.2. The time domain correlation amplitude is quantized with three bits. All time domain correlation amplitudes are reported for different lags between TRS resources. We can observe that the estimation performance of only P-TRS resource adopted is worse than that of other TRS resource configuration. The estimation performance of Pattern-2 is similar with that of Pattern-3 for different speed at different SNR. However, the resource overhead of Pattern-3 is the twice of Pattern-2.
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Figure 3. Doppler shift estimation error for the three patterns
Observation 1: Only periodic TRS resource with larger period cannot obtain better Doppler estimation performance.
Observation 2: Periodic TRS resource and aperiodic TRS resource are jointly configured in one period can achieve better Doppler estimation performance.
Proposal 14: For AltB, periodic TRS and aperiodic TRS resource should be jointly configured to obtain accuracy TDCP for medium/high velocities UE. The number of period and interval adjacent TRS burst can be further studied for TDCP reporting.
TDCP reporting of AltB
According to TRS resource configuration, there are many time domain correlation values A(t,) . The more values A(t,) are reported, the better accuracy of TDCP is obtained at gNB side. However, the reporting overhead will significantly increased if all values A(t,) are reported. Assume that TRS resource is configured as Pattern-2 in Fig.2. There are forty A(t,) for different . In order to save the reporting overhead, the following two alternatives can be considered to determine which values A(t,) to be reported. Let N denote the number of A(t,) and N is not larger than the total number of A(t,) for different . 
· Alt1: N values A(t,) corresponding to  with high frequency. 
· Alt2: The N values A(t,) corresponding to the N smallest  after ordering  with ascending way.
For Alt1, different values  correspond to different frequency for a given TRS resource configuration. For example, assume TRS resources are configured as Pattern-2 shown in Fig. 2.  The frequency of symbols is 10, while the frequency of symbols is 5.  After ordering the frequency of ,  UE just reports N values corresponding to  with high frequency. For Alt2, we order the A(t,) according to ascending order of . For the two alternatives, we provide simulation results for different speeds at different SNR, as given in Fig.4. In order to compare their performance, the performance of all time domain correlation amplitude without quantization is also given. In the figure, non-quantizing denotes all time domain correlation amplitudes are reported without quantization.  During the simulation for AltB, the TRS resource configure is same as Pattern-2, and three bits are used to quantize amplitude. N is set to 10. Compared with all amplitudes are reported, 75% reporting overhead can be reduced. As shown in Fig.4, we can see that Alt1 is able to achieve better estimation performance than Alt2, and the performance of Alt1 is similar with that of all time domain amplitudes without quantization for different speeds at different SNR. 
Observation 3: Even only reporting partial time domain correlation amplitudes can achieve similar performance with all time domain correlation  amplitudes reporting. 
Proposal 15:  For AltB, how many time domain correlation values and which time domain correlation amplitudes to report need to be further studied.

[image: ][image: ]
[image: ]
[image: ]
 Figure 4. Doppler shift estimation error for different TDCP reporting schemes
Comparison of three alternatives
According to agreement on TDCP reporting of last meeting, AltA1,Alt2 and AltB will be down selected based on performance evaluation. For simplicity, Doppler shift estimation performance is still adopted as a metric to evaluate their performance. In the simulation, Pattern-2 as shown in Fig.2 is adopted for the three schemes. The simulation results for different speeds at different SNR are given in Fig.5.  For AltB, Alt1, i.e., N=10 values A(t,) corresponding to  with high frequency are reported. We can observe that the estimation performance of AltB is similar with AltA2 for different speeds. The performance of both AltB and AltA2 are better than that of AltA1 when the speed is largen than 10 Km/h. The performance of AltA2 is worse than that of both AltB and AltA1. The reason is that the channel variation is slow for low speed. The Doppler shift resolution is low after IDFT transferring, which results in larger estimation error.
Observation 4: Doppler shift estimation performance of both AltB and AltA2 for different speeds at different SNRs. While AltA1 can achieve better performance at low speed, e.g., smaller than 10 Km/h.
 For AltB and AltA2, time domain correlation amplitude for different lag between TRS resource need to be calculated. Compared with AltA1, the computation complexity of both AltB and AltA2 is lower. Therefore, AltB can be considered to support. 
Proposal 16: Considering computation complexity and performance, Alt B can be supported.
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Figure 5. Doppler shift estimation error for different TDCP reporting schemes
CSI acquisition enhancement for coherent joint transmission (CJT)
CMR and IMR configuration for CJT
And for NZP CSI-RS (CMR) setups in Resource Setting associated with Rel-18 Type-II codebook for mTRP CJT, following agreements are archived in RAN1-109 e-meeting [1] and RAN1-110 meeting [2].
Agreement
The work scope of Type-II codebook refinement for CJT mTRP includes the following NZP CSI-RS (CMR) setups in Resource Setting associated with Rel-18 Type-II codebook for CJT
· Opt1: 1 NZP CSI-RS resource, max # ports = 32
· FFS: whether/how to associate TCI states and CSI-RS ports
· Opt2: K>1 NZP CSI-RS resources with the same number of ports (representing K TRPs)
· FFS: The maximum number of ports per resource, and the total number of ports across all resources 
FFS: Whether to prioritize/down-select from the two options
Agreement
For the Rel-18 Type-II codebook refinement for CJT mTRP with NTRP>1 TRP/TRP-groups, the following is supported:
· The CMR comprises K>1 NZP CSI-RS resources, where one resource corresponds to one TRP/TRP-group (i.e. K=NTRP)
· Each of the CSI-RS resources has a same number of CSI-RS ports
· Note: The terms TRP and TRP-group are used for discussion purposes only (no spec impact is implied).
Agreement
On the Type-II codebook refinement for CJT mTRP, the selection of N CSI-RS resources is performed by UE and reported as a part of CSI report where N{1,..., NTRP} 
· N is the number of cooperating CSI-RS resources, while NTRP is the maximum number of cooperating CSI-RS resources configured by gNB via higher-layer signaling
· The selection of N out of NTRP CSI-RS resources is reported via NTRP-bit bitmap in CSI part 1
· Note: The value of N is inferred from the selection
· A restricted configuration (gNB-configured via higher-layer signaling) where N=NTRP is supported
· NTRP-bit bitmap is not reported when the restriction is configured
· FFS: Whether other RRC-configured TRP selection restriction including configuring the value of N is supported
· This feature is UE optional 
Note: This agreement does not impact the decision on Ln being configured by gNB or selected by UE
Note: per WID and previous agreement, the candidate values for NTRP of are 1, 2, 3, and 4.
Note: only one transmission hypothesis is reported. UE is not mandated to calculate CSI for multiple transmission hypotheses.
According to the agreement, it is possible that gNB configures a CMR comprises 4 CSI-RS resources, e.g., CSI-RS#0, CSI-RS#1, CSI-RS#2 and CSI-RS#3. And UE selects 3 TRPs corresponding to CSI-RS#0, CSI-RS#1 and CSI-RS#2, and indicate ‘0111’ as TRP selection to gNB. Since gNB doesn’t know which TRP will be selected by UE before receiving UE’s CSI report and the IMR should be configured before. But the IMR for different TRP selection need to be different. It means that for TRP selection refer to select of CSI-RS#0, CSI-RS#1, CSI-RS#2, the IMR can be IMR#0. For TRP selection refer to CSI-RS#0, CSI-RS#1, CSI-RS#3, the IMR can be IMR#1. For TRP selection refer to CSI-RS#0, CSI-RS#2, CSI-RS#3, the IMR can be IMR#2…… Since gNB doesn’t know which TRPs will be selected by UE, it is necessary to configure all possible IMRs and the mapping between TRP selection and IMRs should be indicated to UE explicitly or implicitly. If more than one IMRs mapping to a same TRP selection, the IMR index should be indicated to gNB by UE in CSI report.
Proposal 17: Support to configure more IMRs corresponding to different TRP selection for one CMR. 
Codebook refinement
SD/FD basis report
As for the SD basis selection for Type-II codebook refinement for CJT mTRP, on the L parameter, following agreements were archived in RAN1- 110b e-meeting [3]. 
Agreement
On the SD basis selection for Type-II codebook refinement for CJT mTRP, following legacy (Rel-16 regular eType-II and Rel-17 PS FeType-II), SD basis selection is per CSI-RS-resource. 
· Down select from the following alternatives (RAN1#110bis-e) on the L parameter:
· Alt1. Per-CSI-RS-resource Ln parameter 
· TBD: Whether {Ln, n=1, ..., N} are higher-layer configured by gNB, or the total  is higher-layer configured by gNB while {Ln, n=1, ..., N} are reported by the UE
· Alt2. gNB configures a common L parameter for all N CSI-RS resources via higher-layer signaling
FFS: Study on additional optimization for collocated multi-panel scenario
Agreement
On the SD basis selection for Type-II codebook refinement for CJT mTRP, support the following on the L parameter:
· Per-CSI-RS-resource Ln parameter 
· TBD: Whether {Ln, n=1, ..., N} are higher-layer configured by gNB, or the total  is higher-layer configured by gNB while {Ln, n=1, ..., N} are reported by the UE, one L configured and {Ln} determined from configured L
· FFS: The value of Ln is taken from a pre-defined set
Agreement
On the SD basis selection for 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 
· FFS: The candidate values for Ln, e.g. follow the legacy specification 
· Alt2.  where Ltot is gNB-configured via higher-layer (RRC) signaling and the relative value(s) of {Ln, n=1, ..., N} are reported by the UE 
· TBD: Whether for a given configured value of Ltot, the possible combinations of {Ln, n=1, ..., N} are fixed/pre-determined or gNB-configured via higher-layer (RRC) signaling
· TBD: Whether the value(s) of {Ln, n=1, ..., N} are reported implicitly or explicitly, and whether some value(s) don’t need to be reported 
· FFS: The candidate values for Ln
· Alt3. An L parameter is gNB-configured via higher-layer (RRC) signaling and {Ln, n=1, ..., N} are determined from the value of L 
· TBD: How to determine {Ln, n=1, ..., N} from L, e.g. L1=L and other Ln = L/2
· FFS: The candidate values for L
· 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} are reported implicitly or explicitly, and whether some value(s) don’t need to be reported
· FFS: The candidate values for Ln

In RAN1-111 meeting, following more agreements were archived.
Agreement
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

Agreement
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.
According to the agreement, regarding the SD basis selection, for a configured value of NTRP, gNB can configure a set of combinations of values and UE will select one and report to gNB. It is possible that there are two combinations, e.g., {2, 2, 2, 2} and {4, 2, 2, 2}. It means that the number of SD basis is same for all TRPs except TRP#1 between these two combinations. It is possible that UE doesn’t select TRP#1, and the number of SD basis for other TRPs is selected as {2, 2, 2} that is same in these two combinations. In this case, which combination index will be reported to gNB? The simplest way is to define a default rule such as to report the combination with the lowest index.
Proposal 18: For SD basis selection, support to report the combination with the lowest combination index if there are more than one combination with same values of SD basis number for the selected TRPs. 
As for the FD basis selection for Type-II codebook refinement for CJT mTRP, following agreements were archived in RAN1- 111 meeting. 
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 FS basis vectors (Mv/pv or M) is gNB-configured via higher-layer signaling and common across the N CSI-RS resources
For Alt 3, we can’t find the benefit if compared with Alt 2. While for Alt 1, it is to too restrictive for MTRPs to use a common . Thus we prefer Alt 2.
Proposal 19: Support Alt 2 for FD basis selection for mode 1, i.e., 
· Alt2.  independently selected across N CSI-RS resources (without any per-CSI-RS-resource FD basis selection offset)

As for the detail of FD basis selection indictor, different mechanism is used for the value of   or not. For  and eType II codebook, UE always select the first vector and indicate the other  basis. However, for mode 1, the codebook structure includes multiple TRPs. If UE still always select the first vector by phase shift for each TRP/TRP group, there will be multiple phase shift to be reported. Or, the calculated PMI by using the codebook structure will be not accurate.  Notice that only one phase shift does not have impact on system performance. For a reference TRP/TRP group, UE still report other  basis and the first vector is always selected.  While M FD bases are selected for other cooperating TRP. It can be further discussed which TRP/TRP group is regarded as a reference. For mode 2, FD basis can be selected and indicated as the legacy eType II codebook.
When , two step mechanism is used for FD basis selection. First a window with length as  is configured by gNB, where  is the number of selected FD basis. While for FD basis reporting, UE need to indicate the  first and then report the other  FD basis. Then for mTRP CJT, if up to 4 TRP will be supported, these mechanisms for both   and should be reused.
For , the discussion on how to indicate the other  basis is necessary. While for , in addition to the indication of the other  basis, it also need to discuss how to indicate the . For mode 1, per TRP/TRP group FD basis is used, thus the FD basis selection indication should be per TRP/TRP group. In this case, both the  and the other  basis should be indicated per TRP/TRP group. And both the absolute value and the relative offset can be considered. For example, for the  , relative offset can be indicated respect to a reference TRP.  While for other  basis, the same FD basis among all TRPs can be indicated first and then the different FD basis for each TRP in addition to the same FD basis will be indicated separately.  
Proposal 20: The selection and indication of FD basis for codebook structure mode 1 are proposed as follows:
· M-1 FD bases are selected for a reference TRP, while M FD bases are selected for other cooperating TRPs, where M denotes the number of FD basis configured by gNB.   can be indicated per TRP/TRP group when FD basis window is configured.
Enhancement on W2 
As for the W2 enhancement, following agreements are archived in RAN1-110b e-meeting.
	Agreement
On the Type-II codebook refinement for CJT mTRP, regarding W2 quantization group and Strongest Coefficient Indicator (SCI) design, for each layer: 
· One (common) SCI applies across all N CSI-RS resources
· Further down-select one from the following alternatives by RAN1#110bis-e:
· Alt1. One group comprises one polarization across all N CSI-RS resources (Cgroup,phase=1, Cgroup,amp=2)
· FFS: Amplitude quantization table considering transmission power difference between multiple TRPs
· For each of the amplitude groups (other than the group associated with the SCI), the reference amplitude is reported
· Alt3. One group comprises one polarization for one CSI-RS resource with a common phase reference across N CSI-RS resources (Cgroup,phase=1, Cgroup,amp=2N)
· For each of the (2N–1) amplitude groups (other than the group associated with the SCI), the reference amplitude is reported
FFS: The need for “strongest” TRP/TRP-group indicator in addition to the SCI
Agreement
On the Type-II codebook refinement for CJT mTRP, regarding W2 quantization group, for each layer:
· Support the following: (Alt1) One group comprises one polarization across all N CSI-RS resources (Cgroup,phase=1, Cgroup,amp=2)
· FFS: Amplitude quantization table enhancement
· For the amplitude group other than the group associated with the SCI, the reference amplitude is reported
· Working assumption: Alt3 is supported in addition to Alt1 (to be confirmed in RAN1#111)
· (Alt3). One group comprises one polarization for one CSI-RS resource with a common phase reference across N CSI-RS resources (Cgroup,phase=1, Cgroup,amp=2N)
· For each of the (2N–1) amplitude groups (other than the group associated with the SCI), the reference amplitude is reported
· If the support Alt3 in addition to Alt1 is confirmed, only one of the two schemes will be a basic feature for UEs supporting Rel-18 Type-II CJT codebook


For the non-zero coefficients (NZC) quantization, Alt 1 needs only one SCI whose phase and amplitude is unnecessary to be reported, which can reduce the UCI payload. But the accuracy will be reduced if the phase gap or amplitude gap between different TRPs is large. Compared to Alt 1, Alt 3 need to report 2N-2 reference amplitude with high accuracy if the amplitude gap between TRPs is large. Thus we prefer to confirm the working assumption to support Alt 3.
Proposal 21：Support to confirm the working assumption.  
· Alt3 is supported in addition to Alt1 (to be confirmed in RAN1#111)
· (Alt3). One group comprises one polarization for one CSI-RS resource with a common phase reference across N CSI-RS resources (Cgroup,phase=1, Cgroup,amp=2N)
Discussion on CBSR 
For Rel-16 Type II codebook and Rel-17 port selection codebook, the codebook subset restriction can be configured with different bitmap for different n1-n2. While for both CJT codebook structure mode 1 and mode 2, SD basis will be selected per TRP/TRP group. Thus we suggest to configured CBSR per TRP/TRP group since different TRP/TRP group may results in different interference to different neighbouring cells. In addition, for CBSR bitmaps for each n1-n2, we prefer to reuse legacy bitmaps.
Proposal 22: Support to configure different CBSR for different TRP/TRP group based on reusing of legacy CBSR bitmap for each n1-n2. 
Discussion on CSI omission
For eType II and Rel-17 port selection codebook, CSI part 2 are divided into three group for CSI omission. Compared with the two codebook, the difference is that there are more indication information of SD basis、FD basis and location of NZC  for CJT codebook structure model 1 and model 2. Since SD basis and the strongest coefficients play important role to calculate a useable precoder of downlink channel. Therefore, SD basis and the strongest coefficients are still included in the first group. The NZC should be divided as high and low priority as well. I.e., NZC are divided into the second and third group. FD basis are included in the second group. Based on above discussion, it can be as a starting point that CSI Part 2 is divided into three groups. I.e., the first group includes the indication information of SD basis corresponding to all CSI-RS resources, the indication information of strongest coefficients. The second group includes the indication information of FD basis corresponding to all CSI-RS resources, indication information of NZC and quantization information of NZC with high priority. The third group include the indication information of NZC and quantization information of NZC with low priority.
Proposal 23: The legacy CSI omission, where CSI Part 2 is divided into three groups can be as a starting point for CJT codebook enhancement.
Conclusion
In this contribution, he CSI enhancement for high/medium UE velocities, TDCP reporting and mTRP CJT are respectively discussed. The following proposals and observations on CSI enhancement are provided.
CSI reporting enhancement for high/medium UE velocities
Proposal 1: The refinement based on Rel-16 eType-II regular codebook is adopted with high priority for high/medium velocities.  
Proposal 2: It is not necessary to support N4=3 or 5. In addition, N4=16 should also be not supported if the performance gain is smaller.
Proposal 3: Q=3 or 4 can be considered if better tradeoff between performance and overhead can be achieved. 
Proposal 4: If the configured CMR is P/SP-CSI-RS,  it can be supported that d is configured as the period of P/SP-CSI-RS or smaller value, e.g., 1, 2.
Proposal 5: The feedback overhead of eType II codebook enhancement with DD basis should be similar with that of eTypeII codebook by configuring smaller values  compared with eType II codebook, where  is used to control the number of non-zero coefficients. 
Proposal 6: Support the non-zero coefficients are quantized through legacy quantization scheme, i.e., amplitude with two group and phase with one group are respectively quantized, and amplitude are quantized through differential method.
Proposal 7: Alt3A is supported to indication the location of non-zero coefficients, i.e.,  bits are used to indicate the location of NZC, where denotes the number of the selected FD-DD basis pairs and additional  bits are used to indicate the selected FD-DD basis pairs.
Proposal 8: The number of non-zero coefficients equaling to  is regarded as a starting point, where .
Proposal 9: K=5 or K= 16 is not necessary to support.
Proposal 10: An additional  can be considered to support.
Proposal 11: Alt1 can be supported to obtain the accurate CQI. Alt2A can also be considered due to its less computation complexity.
Proposal 12: At least X=2 CQI corresponding to different instances should be supported.
Proposal 13: When N4>1, at least   =2 CQI needs to be calculated corresponding to time instance , where , l denotes the boundary of CSI reporting window ,   is the number of calculated CQI at different instances.

TDCP reporting for high/medium UE velocities
Observation 1: Only periodic TRS resource with larger period cannot obtain better Doppler estimation performance.
Observation 2: Periodic TRS resource and aperiodic TRS resource are jointly configured in one period can achieve better Doppler estimation performance.
Observation 3: Even only reporting partial time domain correlation amplitudes can achieve similar performance with all time domain correlation  amplitudes reporting.
Observation 4: Doppler shift estimation performance of both AltB and AltA2 for different speeds at different SNRs. While AltA1 can achieve better performance at low speed, e.g., smaller than 10 Km/h.

Proposal 14: For AltB, periodic TRS and aperiodic TRS resource should be jointly configured to obtain accuracy TDCP for medium/high velocities UE. The number of period and interval adjacent TRS burst can be further studied for TDCP reporting.
Proposal 15:  For AltB, how many time domain correlation values and which time domain correlation amplitudes to report need to be further studied.
Proposal 16: Considering computation complexity and performance, Alt B can be supported.

CSI acquisition enhancement for coherent joint transmission (CJT)
Proposal 17: Support to configure more IMRs corresponding to different TRP selection for one CMR. 
Proposal 18: For SD basis selection, support to report the combination with the lowest combination index if there are more than one combination with same values of SD basis number for the selected TRPs. 
Proposal 19: Support Alt 2 for FD basis selection for mode 1, i.e., 
· Alt2.  independently selected across N CSI-RS resources (without any per-CSI-RS-resource FD basis selection offset)
Proposal 20: The selection and indication of FD basis for codebook structure mode 1 are proposed as follows:
· M-1 FD bases are selected for a reference TRP, while M FD bases are selected for other cooperating TRPs, where M denotes the number of FD basis configured by gNB.   can be indicated per TRP/TRP group when FD basis window is configured.
Proposal 21：Support to confirm the working assumption.  
· Alt3 is supported in addition to Alt1 (to be confirmed in RAN1#111)
· (Alt3). One group comprises one polarization for one CSI-RS resource with a common phase reference across N CSI-RS resources (Cgroup,phase=1, Cgroup,amp=2N)
Proposal 22: Support to configure different CBSR for different TRP/TRP group based on reusing of legacy CBSR bitmap for each n1-n2. 
Proposal 23: The legacy CSI omission, where CSI Part 2 is divided into three groups can be as a starting point for CJT codebook enhancement.
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Appendix
Table 1: Simulation assumption
	Parameter
	Value

	Carrier frequency and subcarrier spacing 
	3.5 GHz with 30 kHz SCS


	System bandwidth
	40MHz

	TRS bandwidth
	40MHz

	Channel model
	Alt. 1: TDL channels with uncorrelated antenna elements with first priority on TDL-A 

	Delay spread 
	100ns

	UE velocity
	10km/h, 30km/h, 60km/h, 120km/h

	Antennas at UE
	For TRS based Doppler accuracy evaluations a single UE antenna may also be used

	Antennas at gNB
	For TRS based Doppler accuracy evaluations a single gNB port may also be used.

	Link adaptation
	For TRS based Doppler accuracy: Not applicable
For mode selection performance: Adaptation of both MCS and rank. 

	Evaluation metrics for measurement accuracies
	RMS error, Standard deviation, Bias

	Evaluation metric for Doppler based mode selection
	User throughput
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