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1 Introduction
In RAN#93, a new WID for MIMO evolution for downlink and uplink was approved for Rel-18 [1]. Among items in this WID, two aspects corresponding to CSI enhancement(s) are captured, i.e., CSI enhancement for high/medium UE velocities by exploiting time-domain correlation/Doppler-domain information, and CSI enhancement for facilitating CJT operation. In this contribution, we elaborate our views on above two aspects, respectively.
2 CSI enhancement for high/medium UE velocities
Among items in this WID for DL and UL MIMO, the aspects for Doppler related CSI enhancement are listed as below.
	1. Study, and if justified, specify CSI reporting enhancement for high/medium UE velocities by exploiting time-domain correlation/Doppler-domain information to assist DL precoding, targeting FR1, as follows:
· Rel-16/17 Type-II codebook refinement, without modification to the spatial and frequency domain basis
· UE reporting of time-domain channel properties measured via CSI-RS for tracking 


2.1 Type-II codebook refinement
2.1.1 Doppler-domain DFT basis
In RAN1#111, the following agreements on the number of selected Doppler-Domain DFT basis for high/medium UE velocities were reached.
	Agreement
For the Type-II codebook refinement for high/medium velocities, for N4>1, regarding the parameter Q, at least Q=2 is supported. 
· FFS: Whether Q=3 and/or Q=4 are also supported as other candidate value(s), as well as the supported Parameter Combination(s) 
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



For the Rel-18 Type-II codebook refinement for high/medium velocities, the codebook structure depends on N4, the length of Doppler-domain DFT vector, which is configured by higher-layer signaling. There is no Doppler-domain compression for N4=1. However, for N4>1, Doppler-domain compression is considered and the number of selected Doppler-domain basis vector (denoted as Q) plays meaningful role in performance. For instance, when N4=5 or 10, four candidates {2, 3, 4, 5} or nine candidates {2, 3, 4, ..., 8, 9, 10} of Q value can be selected theoretically. 
Selecting Q from multiple candidate values need to take the following factors into account, such as UE velocity, P/AP/SP CSI-RS configuration and the length of Doppler-domain DFT vector.
· For example, if the UE velocity is 30 km/h, Q=2 works well. If the UE velocity is 60 km/h or 90km/h, the number of selected DD basis might be increased due to low-correlation of Doppler domain. 
As the agreements described above, multiple candidate values of Q are discussed for high/medium velocities and its maximum value might consider the performance of PMI compression. For comparing parameter Q={3, 4, 5} to Q=2 further for Doppler-domain CSI, we have more evaluation for candidate parameters combination based on supported values for eTypeII CSI. Evaluation results are shown in Figure 1. In terms of average UPT, the cases of Q=3, 4 and 5 can bring significant performance gains over the baseline of Q=2. The cases of Q=3, 4 can achieve a good trade-off between throughput performance and report overhead as shown in red box.
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Figure 1 Average UPT for different parameter combinations
Proposal 1: For the Type-II codebook refinement for high/medium velocities, for N4>1, considering both UPT performance and report overhead, Q=3 and 4 should be additionally supported, besides for Q=2.
2.1.2 Resource configuration for CSI-RS
In RAN1#111, the following agreements on CSI-RS configuration for Rel-18 Type-II codebook refinement for high/medium velocities were reached.
	Agreement
For the Type-II codebook refinement for high/medium velocities, the parameter m (offset between two AP-CSI-RS resources for the CMR, in slots) is gNB-configured via higher-layer (RRC) signalling from the following set of candidate values: {1, 2}
· FFS: Whether 4, 5, 8, 12, and/or 16 are also supported as other candidate value(s)
Agreement
For the Type-II codebook refinement for high/medium velocities, the parameter K (the number of AP-CSI-RS resources for the CMR) is gNB-configured via higher-layer (RRC) signalling at least from the following set of candidate values: {4, 8}
· FFS: If additional candidate value(s) of K are supported, e.g. 5, 12, 16, also taking into account other use cases (e.g. for training filter coefficients, prediction or performance monitoring) and TDD
Conclusion
For the Type-II codebook refinement for high/medium velocities, regarding the parameter m (offset between two AP-CSI-RS resources for the CMR, there is no consensus in supporting additional candidate value(s).
Proposal 2.C.5 (R1-2212028 Rel-18 MIMO CSI Round 0)
For the Type-II codebook refinement for high/medium velocities, regarding the parameter d (in slots), 
· Support at least the following candidate value:  
· If the configured CMR is P or SP-CSI-RS, this candidate value is the periodicity of the CSI-RS,
· If the configured CMR is AP-CSI-RS, this candidate value is the configured value of m parameter
· FFS: Whether in the above two cases, the number of slots between the last CSI-RS occasion no later than the legacy reference resource and the starting of WCSI window shall be integer multiples of d slots.
· FFS: Whether additional candidate value(s) of d are supported, e.g. d<m, d>m, and/or d=1 only 
If more than one candidate values of d are supported, the value of d is gNB-configured via higher-layer (RRC) signalling 


Regarding the number of AP-CSI-RS resources in a set, we prefer to consider the typical cases, like 5 besides for 4 and 8 which seem stable in the offline discussion. 
· It should be noticed that, the reason why ‘5’ is an essential value for CSI prediction, it is due to fact that, for Wiener filter, having 5 samples means a 4-order Wiener filter (quite beneficial for UE implementation, e.g., inversing the auto-correlation matrix). That is, a good trade-off between CSI prediction and implementation complexity. 
Proposal 2: For the Type-II codebook refinement for high/medium velocities, the parameter K (the number of AP-CSI-RS resources for the CMR) is gNB-configured via higher-layer (RRC) signalling at least from the following set of candidate values: {4, 5, 8, 12}.
Furthermore, regarding parameter d, meaning the DD unit size in slots, the value is the periodicity for P/SP-CSI-RS or the value of parameter m for AP-CSI-RS, as Proposal 2.C.5 elaborating. However, we do not see the necessity of  the integer multiples of d slots for the time duration between the last CSI-RS occasion no later than the legacy reference resource and the starting of WCSI window. For example, in Figure 2, the number of slots between the last CSI-RS occasion and the starting of CSI window is x slots. The latency is led by measuring CSI-RS and predicting CSI, which may not the integer multiples of d slots. In addition, as the value of d increasing (e.g. d=5 slots), the integer multiples of d slots would severely restrict the timeline of CSI report, particularly for high/medium velocities. 
For additional candidate values of d, if d<m, interpolation is arranged. Considering m={1, 2} is agreed, we think the candidate values of parameter d=1 should be supported.
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Figure 2 CSI-RS measurement and CSI report
Proposal 3:  For the Type-II codebook refinement for high/medium velocities, not support the restriction that there should be the integer multiples of d slots for the time domain duration between the last CSI-RS occasion no later than the legacy reference resource and the starting of WCSI window.
Proposal 4: For the Type-II codebook refinement for high/medium velocities, the candidate value of d=1 is supported for the case of d<m.
2.1.3 Bitmap design for W2 non-zero coefficients (NZCs)
In RAN1#111, the following agreements on bitmap for indicating the locations of NZC(s) in Rel-18 Type-II codebook refinement for high/medium velocities were reached.
	Agreement
For the Type-II codebook refinement for high/medium velocities, regarding the bitmap(s) for indicating the locations of the NZCs, support the following:
· Q different 2-dimensional bitmaps are introduced for indicating the location of the NZCs, where the qth (q=1,…., Q) 2-dimensional bitmap corresponds to qth selected DD basis vector
· The number of selected DD basis vectors is denoted as Q
· This implies that for each layer, the location of NZCs in SD-FD can be different for different selected DD basis vectors.
FFS: Further overhead reduction on bitmap(s)
FFS: Whether the number of NZCs is upper bounded across all DD basis vectors or per DD basis vector
Proposal 2.E.2 (R1-2212028 Rel-18 MIMO CSI Round 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.


In Rel-16/17 Type-II codebook, there is one 2-dimensional bitmap for indicating the location of nonzero coefficients per layer and a parameter  is configured to restrict the number of NZCs. However, in Rel-18 Type-II codebook, Doppler domain compression is introduced for N4>1, which might redesign the location of nonzero coefficients per layer. 
As the above Agreement shown, for the Type-II codebook refinement for high/medium velocities, Q different 2-dimensional bitmaps are supported for indicating the location of the NZCs, where the qth (q=1,…., Q) 2-dimensional bitmap corresponds to qth selected DD basis vector. Then, the left-over issue that the number of NZCs is upper bounded across all DD basis vectors or per DD basis vector should be discussed. Therefore, we have the following observation for clarifying the candidates for this issue:
Observation 1: For the Type-II codebook refinement for high/medium velocities, considering both bitmap design and NZC restriction, the following candidates are listed:
· Alt1a. the number of NZCs is upper bounded per DD basis vectors
· Alt1b. the number of NZCs is upper bounded across all DD basis vectors
Then, we evaluate the legacy codebook scheme (Rel-16 Type codebook), Alt1a and Alt1b in UMa. Simulation results are shown in Figure 3. It can observe that, Alt1b outperforms Alt1a, and the performance gain can be improved with the increase of report overhead. Therefore, for the Type-II codebook refinement for high/medium velocities, for 2-dimensional bitmap design, Q different 2-dimensional bitmaps are introduced for indicating the location of the NZCs, where the qth (q=1,…., Q) 2-dimensional bitmap corresponds to qth selected DD basis vector. In such case, the number of NZCs is upper bounded across all DD basis vectors.

Figure 3 Average UPT gains vs overhead: Alt1a (all DD bases) and Alt1b (per DD basis)
Proposal 5: For the Type-II codebook refinement for high/medium velocities, the number of NZCs is upper bounded across all DD basis vectors for indicating the location of the NZCs.
Regarding the bitmap(s) for indicating the locations of the NZCs, shown as Proposal 2.E.2 in [3], we prefer Alt1. For Alt3A/B/C, addition bitmap or combinatorial coefficients C(MQ, S)/C(2LQ, S)/C(2LM, S) shall be provided to indicate the selected S pair. Currently if we only have Q=2, and then benefit that Alt 3A/3B/3C can achieve less PMI overhead compared to Alt1 under Q=2 becomes unclear. Meanwhile, if having Alt3A/B/C, the solution of CSI omission may be complicated. Moreover, as usual, reducing bitmap/PMI overhead for larger Q values can be achieved by appropriate parameter combination to be configured. Considering the spec impact and complexity, we prefer Alt1.
Proposal 6: For the Type-II codebook refinement for high/medium velocities, regarding the bitmap(s) for indicating the locations of the NZCs, we support 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 
2.1.4 δ and N4 design
	Agreement
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:
· 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
Agreement
For the Type-II codebook refinement for high/medium velocities, the parameter WCSI (in slots) is determined as follows: WCSI = dN4
Agreement
For the Type-II codebook refinement for high/medium velocities, the parameter N4 (length of DFT vector, unit-less) is gNB-configured via higher-layer (RRC) signalling at least from the following set of candidate values: {1, 2, 4} 
· FFS: If additional candidate value(s) of N4 are supported, e.g. 3, 5, 6, 8, 10, 16, 32, as well as the supported Parameter Combination(s)
Conclusion 
For the Rel-18 Type-II codebook refinement for high/medium velocities, when N4>1, there is no consensus in introducing rotation factor (selected for each SD basis vector) as an additional PMI component


Regarding UE “predicting” channel/CSI, Wiener-filter with extrapolation can well outperform legacy scheme by using out-of-date CSI, especially for NLOS case. As shown in Figure 4, if δ=5 and WCSI=5 slots, we can predict and compression the future CSI (from slot n+6 to slot n+10) at recent slot n. 
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Figure 4 Diagrams for CSI-RS measurement and CSI report
Regarding candidate value(s) of δ, we support to introduce additional time offset(s) after CSI report instance, considering that the CSI can not be used directly for subsequent data transmission from gNB perspective. Then, reporting the redundant CSI only can reduce/weaken the accuracy of CSI compensation. Therefore, we think δ=5 should be supported as the additional value.
Proposal 7: On the CSI reporting and measurement for the Rel-18 Type-II codebook refinement for high/medium velocities, when UE-side prediction is assumed, the value of δ = 5 should be added into the candidates.
Then, regarding the parameter N4, which means the length of Doppler domain DFT vector, we think the value of N4 should take CSI window WCSI into account, due to WCSI=dN4. For instance, in the case of AP-CSI-RS resources for the CMR, the offset slot m=1 is agreed, which means d=1. if we want to predict and compress the future CSI (from slot n+6 to slot n+10) at recent slot n in Figure 4, N4=5 is needed. Moreover, if d=2 and WCSI=10, N4=5 is necessary for future CSI.
Proposal 8: For the Type-II codebook refinement for high/medium velocities, the parameter N4 (length of DFT vector, unit-less) is gNB-configured via higher-layer (RRC) signalling and the candidate values of N4={1, 2, 4, 5} are supported. 
2.1.5 CQI refinement
In RAN1#111, the following agreements on CQI refinement for high/medium UE velocities were reached.
	Conclusion 
For the Rel-18 Type-II codebook refinement for high/medium velocities, there is no consensus on applying DD unit for CQI. Therefore, DD unit (of size d slots) is applied only to PMI.
· Note: This conclusion has no impact on the number of CQIs included in one CSI reporting instance (a separate issue to be decided separately)
Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, 
· For PMI, DD unit duration of d (in slots) is the duration associated with each of the N4 W2 matrices (combining coefficients before DD compression at the UE, or after DD de-compression at the gNB). 
· TBD (by RAN1#111): The time instance and/or PMI(s) in which a CQI is associated with, given the CSI reporting window WCSI (in slots), and the number of CQI(s) X included in a CSI report 
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)


In Rel-16 eType-II codebook, FD unit is introduced for emulating/representing PMI and CQI in sub-band or half sub-band level. The parameter  is configured with the higher-layer parameter numberOfPMI-SubbandsPerCQI-Subband. Similarly, another new parameter d is defined for supporting DD/TD compression unit in Rel-18 Type-II codebook. However, as the above conclusion shown, the DD unit parameter d is applied only to PMI.
Regarding CQI, in UMa scenario, we evaluate the legacy CSI scheme and four CSI prediction schemes (Alt1, Alt2A, Alt2B and Alt1 extension for X=2). Average gain of UTP is shown in Figure 5. Then, based on evaluation results, some limited gains of other CQI schemes can be observed compared with Alt2A. Therefore, we support Alt2A and X=1 as a baseline. If considering CQI based on more than one slot, our concern is relevant to any necessity considering non-prediction of interference, OLLA and CQI refinement in MU-MIMO. If having X=2, handling the increase of report overhead, especially for X=2, should be considered
[image: ]
Figure 5 SLS results for CQI schemes in high/medium UE velocities in Uma
Proposal 9: 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, we support Alt2A:
· The CQI is associated with the first/earliest slot of the CSI reporting window and the first/earliest of the N4 W2 matrices 
If X=2 or more is supported, in order to reducing the overhead of CQI, CQI mapping order in one CSI report should be further studied. In legacy spec, only one CQI is comprised in one CSI report, in which wideband CQI and subband differential CQI with increasing order of subband number are mapping into CSI part 1. If X CQIs is supported, X sets of wideband CQI and subband differential CQI are formed in one CSI report. Each set of subband differential CQI is associated with the corresponding set of wideband CQI. For instance, in order to achieve the balance between report overhead and performance, the 1st set of CQI is mapping into CSI part 1 and the rest sets of CQIs are mapping into CSI part 2.
2.2 TDCP report
In RAN1#111 meeting, we reached the following agreement for TDCP report, and then our detailed views can be found in the following paragraphs.
	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


[bookmark: OLE_LINK4]Regarding Alt A.1, it intends to identify Doppler shifts corresponding to individual paths in the delay domain, and afterwards calculate the Doppler spread, i.e., the difference between the minimum and maximum Doppler shifts. However, due to limited frequency bandwidth, multiple paths can not be distinguished with different delays. For instance, assuming a bandwidth of 10 MHz is allocated to UE, the best delay-domain resolution is 100ns. Obviously, this resolution is insufficient to resolve multiple paths in realistic channels. Therefore, one cane not accurately estimate the Doppler spread with Alt A.1.
Figure 6 illustrates the channel impulse responses (CIR)  at the first and second TRS symbols within a slot. In the simulation, the PRB number is 24 and the sub-carrier spacing is 30 kHz, which results in a bandwidth of 8.6MHz. More detailed simulation assumption can be found in the appendix. It is observed from Figure 6 that multiple paths are merged into one peak due to the poor resolution, thereby Doppler spread can not be accurately estimated.
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Figure 6 CIRs at the first and second TRS symbols within a slot
Hereafter, we focus on Alt A.2 and Alt B, and the considered use case is to determine SRS periodicity for TDD reciprocity-based DL precoding in sTRP scenario.
We evaluate the performance of Alt A.2 and Alt B through LLS, and the general procedure is like follows:
· Step 1: We identify optimal SRS periodicities for different UE speeds, which are corresponding to best DL throughput;
· Step 2: We compute the mean values or expected values of the reported quantities of Alt A.2 and Alt B for different UE speeds;
· Step 3: Based on the results of steps 1 and 2, we set multiple thresholds to divide the possible range of the reported quantity into multiple segments mapped to respective optimal SRS periodicities;
· Step 4: Based on the result of step 3, if the reported quantity falls in to a certain segment, the corresponding optimal SRS period is used.
· Step 5: We compare the DL throughput obtained using the SRS periodicities suggested by Alt A.2 and Alt B. 
Regarding the report format of Alt A.2, for the sake of saving report overhead, multiple Doppler shifts should be reported in a differential way. In other words, one Doppler shift in one configured TRS resource should be regarded as a reference, other Doppler shifts in each configured TRS resources should be reported as relative values. 
In our simulations, N = 1 TRS resource is configured for one TRP, and M = 2 Doppler shifts, i.e., the difference between the two Doppler shifts is reported by Alt A.2. Other parameter settings for Alt A.2 and B are listed in Table 1. More detailed simulation assumptions can be found in appendix.
Table 1
	Parameters
	Alt A.2
	Alt B

	Reported quantities
	M = 2 Doppler shifts, i.e., the difference between two Doppler shifts
	[bookmark: OLE_LINK5]Normalized amplitude of channel correlation for a single lag ,  = 5 slots

	TRS resources
	[bookmark: OLE_LINK6]TRS periodicity: 5 slots
number of TRS burst: 8
	TRS periodicity: 5 slots
number of TRS burst: 8

	Extra computation algorithm
	-
	Frequency-domain and time-domain averaging


Figure 7 illustrates the mapping relationship between the reported quantities of Alt A.2 and Alt B and the optimal SRS periodicities.
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Figure 7 Mapping relationship between the reported quantities of (a) Alt A.2 and (b) Alt B and the optimal SRS periodicities
Based on the above mapping relationship, Figure 8 shows the DL throughput obtained using the SRS periodicities suggested by Alt A.2 and Alt B. Additionally, Figure 8 also shows the throughput obtained using best, worst and random SRS periodicities, where best and worst SRS periodicities correspond to best and worst throughputs, respectively. It is clearly observed from Figure 8 that Alt A.2 outperforms Alt B with higher throughput.
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Figure 8 DL throughput for Alt A.2 and Alt B
To further explore the logic behind, we evaluate the noise effects on Alt A.2 and Alt B. Figure 9 shows the mean values and standard deviations of the reported quantities of Alt A.2 and Alt B, where the mean values and standard deviations are represented by circular dots and vertical bars, respectively.
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Figure 9 Noise effects on the reported quantities of  (a) Alt A.2 and (b) Alt B
From Figure 9, the variation of the amplitude of channel correlation is much more serious than that of Doppler shift difference. More importantly, the mean value or the expected value of the amplitude of channel correlation varies with different SNRs, which means one can not set a unified threshold for Alt B. Therefore, it we conclude that Alt A.2 is much more robust to noise than Alt B. The physical reason behind is that Alt A.2 selects strong or high-SNR peaks among the Doppler spectrum and reports the corresponding Doppler shifts, and thereby reduces the noise effects.
Moreover, for HST-mTRP scenarios, relative Doppler shifts across multiple TRPs (M = 1, N > 1 in Alt A.2) can well represent the time-domain channel property with low complexity. Related evaluation results can be found in our companion contribution R1-2210937.
In summary, we have the following observations and proposals.
Observation 2: Alt A.2 outperforms Alt A.1 and Alt B.
· Alt A.1 can not successfully resolve multiple paths in the delay domain, hence can not accurately estimate the Doppler spread;
· Alt A.2 is much more robust to noise than Alt B;
· Alt A.2 provides higher throughput than Alt B.
Proposal 10: Support Alt A.2 for TDCP report.
· [bookmark: OLE_LINK8][bookmark: OLE_LINK7]Regarding the report format of Alt A.2, one Doppler shifts in one TRS resource should be regarded as a reference, and other Doppler shifts in each TRS resource should be reported as relative values.
It is noted that Doppler spectrum is an FFT result of channel correlation. Hence, BS can also obtain Doppler spectrum / Doppler shifts if the channel correlation is acquired. More specifically, to estimate Doppler spectrum / Doppler shifts, BS needs to acquire both the amplitudes and phases of the channel correlations for multiple equally spaced lags. However, Alt B intends to report the amplitudes only. Figure 10 compares the FFT results of the amplitudes of the channel correlations and both the amplitudes and phases of the channel correlations. Here, the number of equally spaced lags is set as 16, and the inter-lag spacing is set as 5 slots. From Figure 10, it is obviously that both amplitudes and phases are needed to estimate Doppler spectrum / Doppler shifts.
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Figure 10 FFT results of the amplitudes of the channel correlations and both the amplitudes and phases of the channel correlations
[bookmark: OLE_LINK10]Apparently, the Doppler spectrum / Doppler shifts estimation accuracy will increase by using a larger number of amplitudes and phases, and which will also result in a higher DL throughput. The DL throughput results obtained with Y = 4, 8, and 16 amplitudes and phases are illustrated in Figure 11. It is observed that Y = 4 performs worst, at some points the throughput is even lower than the random-SRS-periodicity case. Besides, Y = 16 performs best, but the gain against Y = 8 is very limited. Accordingly, Y = 8 would be an appropriate choice. However, in practical cases, the value of Y is strongly dependent on the UE capacity. Hence, if going with Alt B, it should be supported that the UE  can report Y amplitudes and phases of equally sampled channel correlations, where Y is configurable and 8 should be one of the candidate values.
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Figure 11 DL throughput obtained with Y = 4, 8, and 16
Based on above, we have the following observation.
Observation 3: Regarding the number of amplitudes and phases Y used to estimate Doppler spectrum / Doppler shifts, Y = 8 can be assumed as an appropriate value by trading off the performance and overhead.

3 CSI enhancement for CJT
The following agreement about CJT codebook structure were reached in RAN1#110. Based on the agreed architecture, the SD basis selection, FD basis selection and W2 quantification should be considered. We provide our view about above issues respectively in the following sections
	Agreement
For the Rel-18 Type-II codebook for CJT mTRP, support the following two modes:
· Mode 1: Per-TRP/TRP-group SD/FD basis selection which allows independent FD basis selection across N TRPs / TRP groups. Example formulation (N = number of TRPs or TRP groups): 

· Mode 2: Per-TRP/TRP group (port-group or resource) SD basis selection and joint/common (across N TRPs) FD basis selection. Example formulation (N = number of TRPs or TRP groups):


· Striving for the two modes to share commonality in detailed designs such as parameter combinations, basis selection, TRP (group) selection, reference amplitude, W2 quantization schemes.
· FFS: Depending on the decision on SCI design, whether additional per-TRP/TRP-group amplitude scaling and/or co-phase is needed or not, and whether they are a part of W2s


3.1 SD basis
Regarding SD basis report, the following agreements were reached in RAN1#111. 
	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.


Regarding configuring NL combinations of values for {L1, ..., LNTRP}, for a given of Ltot of summing a given set of {Ln}, we may combine the impact of the number of TRPs and number of {Ln} for each TRP together. Based on our evaluation, a larger value {Pv, Beta} may be suitable for a larger {Ln}, but considering the range of number of TRPs (from 1 to 4), it may introduce the combination of {Ltot, pv, } are quite complicated. Since that, we suggest to provide the individual configuration of {L1, ..., LNTRP} and {pv, }. The linking between {Ln} and {Pv, Beta} is up to gNB configuration.
Then, regarding the supported combination of values for {L1, ..., LNTRP}, based on above agreement, we have clear agreement that the legacy candidate values, i.e. {2,4,6} for Rel-16-based refinement, should be supported. So, based on our evaluation, we do not identify the necessity of revering the agreement of having all three candidate values of {2,4,6}. Then, due to supporting of UE-side TRP selection (from 1 to 4 TRPs), the following Table 2 can be considered as a starting point. 
Table 2 An example for a set of NL combinations of values for {L1, ..., LNTRP}
	SD-basis comb. index
	
	 (if reported)
	 (if reported)
	 (if reported)

	1
	
	
	
	

	2
	
	
	
	


Finally, regarding UE capability, besides for supported value(s) of NL, in our views, the most essential factor for impacting UE complexity is relevant to the maximum number of selected SD bases across CSI-RS resource(s), that is, the maximum number of summing {L1, L2, …, LN} (rather than {L1, L2, …, LNTRP}) in a parameter combination, and based on above parameter, the gNB can select the corresponding list of {L1, ..., LNTRP} when enabling or disabling the UE-assisted TRP selection.  
Proposal 11: Regarding SD basis selection the  on Type-II codebook refinement for CJT mTRP, the following should be supported.
· Separate configuration of {pv, } and a list of parameter combination candidates {L1, ..., LNTRP},
· Not support to revert agreement of having {2,4,6} as candidate values for each of the Ln parameters,
· Besides for supported value of NL, the maximum number of selected SD bases across the selected CSI-RS resource(s) can be considered as UE capabilities.
3.2 FD basis
For reporting FD basis, there are the following agreements reached 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


In our views, the Alt3 may be assumed as a detailed solution based on the principle of Alt2. Due to the channel variation for each of serving TRPs, per-resource FD basis selection seems much reasonable. It is clear that we may have different/individual delay profiles corresponds to respective TRPs. If going with Alt1, we may have to consider more FD bases (i.e., a larger Mv) to be selected, and the report overhead increases significantly. 
From the transmission performance perspective, we have the following evaluation results as shown in Figure 12. It can be observed the average and cell-edge UPT gains of Alt2 (and Alt3) over Alt3 while considering report overhead. We support to report relative offset of reference FD basis per TRP with respect to a reference TRP, and then the window of FD basis is reported per TRP group. Finally, we are open to further consider to indicate TRP-specific oversampling factor for FD bases in CSI report, in order to further handle a large delay difference for different TRP(s).
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Figure 12 UPT comparison for Alt1 and Alt2 in FD basis selection:  3-TRP, {LN, pv, } = {2, 1/4, 1/2} (i.e., PC2), {4, 1/4, 1/2} (i.e., PC4), {4, 1/2, 1/2} (i.e., PC6)
Proposal 12: For mode-1, on Type-II codebook refinement for CJT mTRP,  independently selected across N CSI-RS resources (Alt2)
· To report relative offset of reference FD basis per TRP with respect to a reference TRP.
· The window of FD basis is reported per TRP.
· Fractional offset/oversampling factor indication per TRP can be considered if identifying UPT gain. 
3.3 W2 design 
Regarding W2 design in CSI codebook, there are following agreements reached in RAN1#111.
	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
Agreement
On the Type-II codebook refinement for CJT mTRP, regarding the bitmap(s) for indicating the locations of NZCs, reuse the legacy design. This implies that the size of the bitmap for selected CSI-RS resource n (Bn) is,  
· FFS: additional mechanism to reduce bitmap overhead for larger N values, e.g. including via Parameter Combination 

Agreement
On the W2 coefficient quantization scheme for the Type-II codebook refinement for CJT mTRP, for N=3 and N=4, just as N=2, reuse the following components of the legacy Rel-16/17 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 


Regarding above WA, we provide our SLS simulation result on performance comparison of Alt 1 and Alt 3. Evaluation results can be found in Figure 13. The value of paramCombination-r16 of the four overhead cases equal to value of being 5, 7,8 and 6 from left to right, respective, in Figure 13. We observe that 0.2%~1.2% mean UPT gain and 2.2%~12.1% cell edge UE gain can be achieved using Alt 3 compared with Alt1. In technical, we have the following analysis:
· Alt3 can provide a more appropriated amplitude reference for each TRP, and as a consequently, under a given K0, both accuracy and the number of available NZC(s) can be increased clearly. 
· On the other case, although Alt1 is to provide polarization-specific reference for NZC amplitude, we may have the opposite observation for dual polarization for different TRP(s). 
· For instance, for a strongest TRP, NZC corresponding to +45-degrees polarization may have a strongest amplitude compared with -45 degree, but for other TRPs, NZC amplitude compared with -45 degree polarization may be stronger. It means that, if using Alt1, the quantization error may be much more severe than legacy case of single TRP.  
Regarding the SCI, the SCI both for Alt 1 and Alt 3 should include strongest TRP index of global strongest coefficient.
Proposal 13: Regarding W2 quantification on Type-II codebook refinement for CJT mTRP, the following WA is confirmed with the following modification
· 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
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Figure 13 UPT comparison between Alt 1 and Alt 3: average and cell-edge UPT
3.4 CSI-omission
While supporting CJT CSI in mTRP, the UE side can indicate the NZ coefficient W2 corresponding to each of selected CSI-RS. Based on our evaluation, NZ coefficient(s) corresponding to the main/primary TRP provide the dominant power(s). Then, in our views, NZ coefficient and corresponding indication bitmap corresponding to receptive TRP(s) can be grouped into different sets with respective priority levels, and then from CSI part2, as usual, the NZ coefficient and corresponding indication bitmap can be divided into two categories (almost half-by-half): group1 in CSI part 2 and group2 CSI part2. 
Proposal 14: Regarding CSI omission on Type-II codebook refinement for CJT mTRP, TRP(s)/TRP-group(s) can be grouped into different sets with respective priority levels in the priority function, considering that the main contribution for CJT-CSI is from dominant TRP(s)/TRP group(s).
· NZ coefficient(s) of W2 corresponding to strongest TRP(s)/TRP-group(s) should be prioritized.
3.5 Codebook subset restriction
For E-type II codebook codebook subset restriction (CBSR) configuration, there is the related spec in 38.214.
	5.2.2.2.5  Enhanced Type II Codebook
The bitmap parameter n1-n2‑codebookSubsetRestriction-r16 forms the bit sequence  and configures the vector group indices  as in clause 5.2.2.2.3. 
Bits  indicate the maximum allowed average amplitude,  (), with , of the coefficients associated with the vector in group  indexed by , where the maximum amplitudes are given in Table 5.2.2.2.5-6 and the average coefficient amplitude is restricted as follows
	
for , and . 
Table 5.2.2.2.5-6: Maximum allowed average coefficient amplitudes for restricted vectors
	[bookmark: MCCQCTEMPBM_00000103]Bit

	Maximum
Average Coefficient Amplitude 

	
	

	00
	0

	01
	

	10
	

	11
	1





For Rel-18, while supporting CJT CSI in mTRP, the UE side can indicate the NZ coefficient W2 corresponding to each of selected CSI-RS. Then, for codebook subsection restriction, we identify the following two candidates 
· Option-1: A single CBSR across all N TRPs
· In such case, the average coefficient amplitude is across N TRPs, and then the number of of bits B = B1B2 remains.
· Option-2: N CBSRs per TRP
· In such case, the average coefficient amplitude is per TRP, and then the number of bits B = B1B2 should be extension for N TRPs.
· Due to TRP-specific CBSR configuration, restriction vector groups are configured by RRC for N TRPs.
Regarding Option-1, for each layer and each polarization, the average coefficient amplitude is determined based on wideband amplitude and subband amplitude across N TRP. In this case, the average coefficient amplitude is restricted as follows

   for l=1, ..., v, and p=0, 1
Regarding Option-2, for each layer, each polarization and each TRP, the average coefficient amplitude is determined based on wideband amplitude and subband amplitude. In this case, the average coefficient amplitude is restricted as follows

 for l=1, ..., v, p=0, 1 and n=0,1...NTRP-1
Moreover, the number of bits B=B1B2 should be extension for N TRPs
In Rel-16, the UE shall be configured with restrictions for 4 vector groups for the only one bitmap parameter. While in Rel-18, the UE can be configured with restrictions for different number of vector groups for the N TRP.
Proposal 15: Regarding CBSR on the Type-II codebook refinement for CJT mTRP, N CBSRs corresponding to N TRPs should be supported as a starting point.
3.6 Power offset of CSI-RS and PDSCH
To get the CJT PMI and CQI, the power offset of CSI-RS and PDSCH should be considered. Considering different TRP have different power boosting of CSI-RS and have different MU scheduling scheme, the CJT PMI, CQI should be based on N power offsets between CSI-RS and PDSCH. Each of the N power offset corresponds to one of N TRP and is power ratio between one CSI-RS resource and PDSCH corresponding to the ports of the one CSI-RS resource. 
Proposal 16: For calculating CJT PMI, CQI and RI, the UE assumes the PDSCH signals transmitted on the  antenna ports of each of N CSI-RS resources would have a ratio of EPRE to CSI-RS EPRE equal to the powerControlOffset of the respective CSI-RS resource, for . 
3.7 Parameter combination
Regarding parameter combination, there are following agreements reached in RAN1#111.
	Agreement
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
Agreement
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
Agreement
On the Type-II codebook refinement for CJT mTRP:
· The maximum value of 2NN1N2 is 128
· The support of 2NN1N2 >32 is UE optional for UEs supporting Rel-18 CJT CSI enhancement
· Note: Following the legacy specification on the maximum number of NZP CSI-RS ports per CSI-RS resource, the maximum value of 2N1N2 is 32.
Conclusion
On the Type-II codebook refinement for CJT mTRP, regarding the codebook parameter , there is no consensus in supporting the additional value of 1.
Agreement
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)


Regarding parameter combination selection, in our views, the following criterion should be considered:
· Firstly, the low-bound in UPT performance in CJT mTRP should be greater than that in the worst case in sTRP eTypeII, i.e., PC1.
· Then, according to our evaluation results in Section 4, we can observe the upper bound of bit overhead of ~3000 bits in CJT CSI, considering the typical payload of UCI in a single-slot PUSCH.  In other words, twice (or more) of the max value of eTypeII CSI should be considered as a baseline, due to the fact that we have up to 4 TRPs, extending the upper bound of R16/17 Type II may be possible with higher probability.
· After that, based on the above-mentioned discussion in Section 3.1, separate configurations of {pv, } and a list of parameter combination candidates {L1, ..., LNTRP} are recommended. 
· Finally, while considering variation of report overhead in terms of UE-assisted TRP/{L1, ..., LNTRP} selection and rank distribution, instead of worst case, the average bit overhead for CJT-CSI should be considered for a given parameter set. Then, the upper bound of UPT performance in CJT-mTRP should also be considered for commercial promotion, besides for UPT vs overhead.
Proposal 17: Regarding parameter combination selection on Type-II codebook refinement for CJT mTRP, the following criterion should be considered:
· The low-bound in UPT performance in CJT mTRP should be greater than that in the worst case in sTRP eTypeII, i.e., PC1.
· The upper bound of bit overhead in CJT CSI is ~3000 bit considering the typical payload of UCI in PUSCH;
· The average bit overhead of CJT-CSI rather than worst case should be considered for a given parameter set, due to large variation of report overhead in terms of UE-assisted TRP/{L1, ..., LNTRP} selection and rank distribution 
Regarding the agreed candidate values for {L1, ..., LNTRP}, pv, , we provide our SLS simulation result on performance for 32T4R in 2-TRP and 3-TRP cases in inter-site CJT. Evaluation results over eTypeII PC1 in sTRP can be found in Figure 14 and Figure 15, where, for a given case, there is the same value for each of L, and UE-assisted TRP selection is enabled. 
· For 2-TRP CJT, we have the following best combination for each span of report overhead. 
· ~300 bit, each of Ln=2, Pv = {1/4, 1/8}, = {1/2}.  
· ~350 bit, each of Ln=4, Pv = {1/8, 1/16}, = {1/2, 3/4}. 
· ~400 bit, each of Ln=6, Pv = {1/8, 1/16}, = {1/2}. 
· ~500 bit, each of Ln=4, Pv = {1/4, 1/8}, = {1/2}. 
· ~600 bit, each of Ln=4, Pv = {1/4, 1/4}, = {3/4}. 
· ~700 bit, each of Ln= 6, Pv = {1/4, 1/4}, = {1/2}.
· ~800 bit, each of Ln= 4, Pv = {1/2, 1/2}, = {1/2, 3/4}.
· >1000 bit, each of Ln= 4, Pv = {1/2, 1/2}, = {1/2, 3/4}  
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Figure 14 Average UPT vs sTRP eTypeII-PC1, 32T4R, Inter-site CJT, NTRP=2, UE-assisted TRP further selection, and dynamic RANK from 1 to 4. For respective point with same color, is provided from 1/8, 1/4, 1/2, to 3/4. 
· For 3-TRP CJT, we have the following best combination for each span of report overhead. 
· ~400 bit, each of Ln=2, Pv= {1/4, 1/8}, = {1/2, 3/4}.  
· ~600 bit, each of Ln=6, Pv = {1/8, 1/16}, = {1/2}. 
· ~800 bit, each of Ln=4, Pv = {1/4, 1/8}, = {1/2, 3/4}. 
· ~900 bit, each of Ln= 4, Pv = {1/2, 1/4}, = {1/2}.
· ~1000 bit, each of Ln= 6, Pv = {1/4, 1/4}, = {3/4}.
· ~1200 bit, each of Ln= 4, Pv = {1/2, 1/2}, = {1/2, 3/4}  
· >1500 bit, each of Ln = 6, Pv = {1/2, 1/2}, = {1/2, 3/4} 
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Figure 15 Average UPT vs sTRP eTypeII-PC1, 32T4R, Inter-site CJT, NTRP=3, UE-assisted TRP further selection, and dynamic RANK from 1 to 4. For respective point with same color, is provided from 1/8, 1/4, 1/2, to 3/4. 
Based on above, we have the following recommendation for parameter combination:
Proposal 18: Regarding parameter combination selection on Type-II codebook refinement for CJT mTRP,
· For {L1, ..., LNTRP}, at least of the following entries should be supported.
	SD-basis comb. index
	
	 
(if reported)
	 
(if reported)
	 
(if reported)

	1
	2
	2
	
	

	2
	2
	2
	2
	

	3
	2
	2
	2
	2

	4
	4
	4
	
	

	5
	4
	4
	4
	

	6
	4
	4
	4
	4

	7
	6
	6
	
	

	8
	6
	6
	6
	


· For {Pv, }, at least of the following entries should be supported.
	{Pv, } comb. index
	
	

	
	v = {1,2}
	v = {3,4}
	

	1
	1/8 
	1/16
	1/2

	2
	1/8 
	1/16
	3/4

	3
	1/4 
	1/8
	1/2

	4
	1/4 
	1/8
	3/4

	5
	1/4
	1/4
	3/4

	6
	1/2
	1/4
	1/2

	7
	1/2
	1/2
	1/2

	8
	1/2
	1/2
	3/4


3.8 Reporting receiving side information
Regarding reporting receiving side information, there is following agreement in RAN1#109-e
	Agreement
For the Type-II codebook refinement for CJT mTRP, further study the following issues:
· The need for the following additional parameters:
· Receiver side information by per RX reporting or per layer, e.g. information related to the left singular matrix U of the channel
· Indication of relative offset of reference FD basis per TRP with respect to a reference TRP
· Information related to the windows for FD basis
· Delay/frequency difference(s) across TRPs
· Specification entity corresponding to a TRP (e.g. port-group, NZP CSI-RS resource)
· For codebooks with per-TRP/TRP-group SD/FD basis (structure Alt1A/1B), whether to support co-amplitude/phase as a part of CSI report (explicit) or not (implicit)
· Design details of reference amplitudes and differential amplitudes in W2: 
· Whether/how supported parameter combinations are refined from Rel-16/17


In MU-MIMO, the precoding should be refined according to scheduled UE using SLNR or zero-forcing approach. In such case, the CQI/MCS estimation for refining the precoding is quite difficult in gNB side. As a result, for guaranteeing the transmission performance (e.g., HARQ procedure), there may be a pre-degradation for CQI. Due to path-loss/received power difference for each of TRP in CJT, this issue become much severe for CJT compared with STRP. 
Then, the following candidate can be considered for further study:
· Option-1: Besides for normal CSI feedback, wideband (WB) Rxx can be additionally reported;
· Option-2: Improving accuracy of CSI codebook (e.g., full rank information (involving eigenvalue(s)), and enlarge the number of L, Mv, …)
In SLS, for Option-1, we have the following performance comparison between legacy (i.e., W-based without Rx side information report) and proposed Rx side information report (i.e., Option-1, Rxx can be additionally reported) in MU-MIMO. The results are provided in Figure 16. It can be observed that, through additionally reporting Rxx information, the reporting of receiving side information can bring a significant performance gain. 
Proposal 19: Regarding CJT codebook, support additional information of receiver side information per in order to maximize performance gains of MU-MIMO (e.g., for determining optimal Tx precoding and post-SINR/CQI) in C-JT.
· The following can be considered as a starting point
· Option-1: Besides for normal CSI feedback, wideband (WB) Rxx can be additionally reported;
· Option-2: Improving accuracy of CSI codebook (e.g., full rank information (involving eigenvalue(s)), and enlarge the number of L, Mv, …)

         
Figure 16 SLS for different report formats: ‘W-only’, ‘W + wideband Rxx’ under (a) RU~30% and (b) RU~80%
4 PUSCH payload for UCI 
[bookmark: _GoBack]Regarding UCI payload in PUSCH, we have the following assumption from real-field: 2TX, SCS=15kHz, 4RB/subband, the number of scheduled sub-bands for a PUSCH is 4, 14 OFDM symbols in one slot and 2 OFDM symbols used for DMRS. In such case, the RE number of PUSCH is 2*4*4*12*(14-2) = 4608 REs. Therefore, we calculate the PUSCH payload with different MCS up to 64QAM in Figure 17. (It should be noticed that advanced UEs for supporting 256 QAM in UL have already become common in real NW.)
· In a typical case, MU-MIMO is much relevant to a good channel property, and then we should have 64 QAM or more, and, even for a worse case, 16 QAM can be assumed. Therefore, even for 16 QAM, i.e., MCS index from 10 to 16, we can observe that there are about 6000 bits payload for UCI by utilizing 50% one-slot PUSCH capacity. What’s more, there are about 3000 bits payload for UCI by utilizing 30% one-slot PUSCH capacity. 
· Therefore, from our perspective, the upper bound of UCI bit overhead in CJT CSI shall be ~3000 bit, considering the typical payload of UCI in PUSCH.
Observation 4: Regarding a single-slot PUSCH, in a typical (even a little bit poor) scenario for MU-MIMO, at least 3000 bit (16QAM, 30% PUSCH capacity) can be assumed as an upper bound of a given UCI payload while discussing Rel-18 CSI enhancement for CJT and Doppler. 
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Figure 17 Payload in a single-slot PUSCH transmission 
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6 Conclusion
In this contribution, we discuss CSI enhancement for high/medium UE velocities and CJT. Observations and proposals are listed as follows.
CSI enhancement for high/medium UE velocities
Proposal 1: For the Type-II codebook refinement for high/medium velocities, for N4>1, considering both UPT performance and report overhead, Q=3 and 4 should be additionally supported, besides for Q=2.
Proposal 2: For the Type-II codebook refinement for high/medium velocities, the parameter K (the number of AP-CSI-RS resources for the CMR) is gNB-configured via higher-layer (RRC) signalling at least from the following set of candidate values: {4, 5, 8, 12}.
Proposal 3: The integer multiples of d slots is non-existent between the last CSI-RS occasion no later than the legacy reference resource and the starting of WCSI window.
Proposal 4: The candidate value of d=1 is supported for d<m.
Observation 1: For the Type-II codebook refinement for high/medium velocities, considering both bitmap design and NZC restriction, the following candidates are listed:
· Alt1a. the number of NZCs is upper bounded per DD basis vectors
· Alt1b. the number of NZCs is upper bounded across all DD basis vectors
Proposal 5: For the Type-II codebook refinement for high/medium velocities, we support that the number of NZCs is upper bounded across all DD basis vectors for indicating the location of the NZCs.

Proposal 6: For the Type-II codebook refinement for high/medium velocities, regarding the bitmap(s) for indicating the locations of the NZCs, we support Alt1: 
· Q different 2-dimensional bitmaps where each bitmap reuses the legacy design i.e. the size of the bitmap for each selected DD basis vector is 2LMv 
Proposal 7: On the CSI reporting and measurement for the Rel-18 Type-II codebook refinement for high/medium velocities, when UE-side prediction is assumed, the value of δ = 5 should be added into the candidates.
Proposal 8: For the Type-II codebook refinement for high/medium velocities, the parameter N4 (length of DFT vector, unit-less) is gNB-configured via higher-layer (RRC) signalling and the candidate values of N4={1, 2, 4, 8} are supported. 
Proposal 9: 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, we support Alt2A:
· The CQI is associated with the first/earliest slot of the CSI reporting window and the first/earliest of the N4 W2 matrices 
Observation 2: Alt A.2 outperforms Alt A.1 and Alt B.
· Alt A.1 can not successfully resolve multiple paths in the delay domain, hence can not accurately estimate the Doppler spread;
· Alt A.2 is much more robust to noise than Alt B;
· Alt A.2 provides higher throughput than Alt B.
Proposal 10: Support Alt A.2 for TDCP report.
· Regarding the report format of Alt A.2, one Doppler shifts in one TRS resource should be regarded as a reference, and other Doppler shifts in each TRS resource should be reported as relative values.
Observation 3: Regarding the number of amplitudes and phases Y used to estimate Doppler spectrum / Doppler shifts, Y = 8 would be an appropriate value by trading off the performance and overhead.
CSI enhancement for CJT
Proposal 11: Regarding SD basis selection the  on Type-II codebook refinement for CJT mTRP, the following should be supported.
· Separate configuration of {pv, } and a list of parameter combination candidates {L1, ..., LNTRP},
· Not support to revert agreement of having {2,4,6} as candidate values for each of the Ln parameters,
· Besides for supported value of NL, the maximum number of selected SD bases across the selected CSI-RS resource(s) can be considered as UE capabilities.
Proposal 12: For mode-1, on Type-II codebook refinement for CJT mTRP,  independently selected across N CSI-RS resources (Alt2)
· To report relative offset of reference FD basis per TRP with respect to a reference TRP.
· The window of FD basis is reported per TRP.
· Fractional offset/oversampling factor indication per TRP can be considered if identifying UPT gain. 
Proposal 13: Regarding W2 quantification on Type-II codebook refinement for CJT mTRP, the following WA is confirmed with the following modification
· 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
Proposal 14: Regarding CSI omission on Type-II codebook refinement for CJT mTRP, TRP(s)/TRP-group(s) can be grouped into different sets with respective priority levels in the priority function, considering that the main contribution for CJT-CSI is from dominant TRP(s)/TRP group(s).
· NZ coefficient(s) of W2 corresponding to strongest TRP(s)/TRP-group(s) should be prioritized.
Proposal 15: Regarding CBSR on the Type-II codebook refinement for CJT mTRP, we support N CBSRs corresponding to N TRP.
Proposal 16: For calculating CJT PMI, CQI and RI, the UE assumes the PDSCH signals transmitted on the  antenna ports of each of N CSI-RS resources would have a ratio of EPRE to CSI-RS EPRE equal to the powerControlOffset of the respective CSI-RS resource, for . 
Proposal 17: Regarding parameter combination selection on Type-II codebook refinement for CJT mTRP, the following criterion should be considered:
· The low-bound in UPT performance in CJT mTRP should be greater than that in the worst case in sTRP eTypeII, i.e., PC1.
· The upper bound of bit overhead in CJT CSI is ~3000 bit considering the typical payload of UCI in PUSCH;
· The average bit overhead of CJT-CSI rather than worst case should be considered for a given parameter set, due to large variation of report overhead in terms of UE-assisted TRP/{L1, ..., LNTRP} selection and rank distribution 
Proposal 18: Regarding parameter combination selection on Type-II codebook refinement for CJT mTRP,
· For {L1, ..., LNTRP}, at least of the following entries should be supported.
	SD-basis comb. index
	
	 
(if reported)
	 
(if reported)
	 
(if reported)

	1
	2
	2
	
	

	2
	2
	2
	2
	

	3
	2
	2
	2
	2

	4
	4
	4
	
	

	5
	4
	4
	4
	

	6
	4
	4
	4
	4

	7
	6
	6
	
	

	8
	6
	6
	6
	


· For {Pv, }, at least of the following entries should be supported.
	{Pv, } comb. index
	
	

	
	v = {1,2}
	v = {3,4}
	

	1
	1/8 
	1/16
	1/2

	2
	1/8 
	1/16
	3/4

	3
	1/4 
	1/8
	1/2

	4
	1/4 
	1/8
	3/4

	5
	1/4
	1/4
	3/4

	6
	1/2
	1/4
	1/2

	7
	1/2
	1/2
	1/2

	8
	1/2
	1/2
	3/4


Proposal 19: Regarding CJT codebook, support additional information of receiver side information per in order to maximize performance gains of MU-MIMO (e.g., for determining optimal Tx precoding and post-SINR/CQI) in C-JT.
· The following can be considered as a starting point
· Option-1: Besides for normal CSI feedback, wideband (WB) Rxx can be additionally reported;
· Option-2: Improving accuracy of CSI codebook (e.g., full rank information (involving eigenvalue(s)), and enlarge the number of L, Mv, …)
Observation 4: Regarding a single-slot PUSCH, in a typical (even a little bit poor) scenario for MU-MIMO, at least 3000 bit (16QAM, 30% PUSCH capacity) can be assumed as an upper bound of a given UCI payload while discussing Rel-18 CSI enhancement for CJT and Doppler. 
7 Appendix
Table 3 SLS evaluation assumption for Doppler related Type-II codebook refinement
	Parameter
	Value

	Carrier Frequency
	2GHz

	Channel Model
	According to the TR 38.901
3D UMa

	Scenario
	Dense urban

	Antenna setup and port layouts at gNB
	(M, N, P, Mg, Ng, Mp, Np) =(1,4,2,1,1,1,4).
(dH, dV) = (0.5, 0.8)

	Antenna setup and port layouts at UE
	(M, N, P, Mg, Ng, Mp, Np) =(1,2,2,1,1,1,2)
(dH, dV) = (0.5, 0.5)

	Modulation
	Up to 256QAM 

	BS Tx power
	46 dBm

	UE Tx power
	23dBm

	BS antenna height
	25 m

	BS receiver noise figure
	5dB

	UE receiver noise figure
	9dB

	Numerology
	14 OFDM symbol slot, 30kHz SCS

	Bandwidth
	20MHz

	UE receiver
	MMSE-IRC

	Network Layout
	15 UEs per cell (in a total of 7 cells)

	PMI/CQI feedback
	Subband

	UE distribution
	100% outdoor (30km/h)

	Traffic model
	FTP

	CSI feedback
	CSI feedback periodicity : 5 slots
Measurement window: 50 slots

	MIMO scheme
	MU-MIMO with rank adaptation
Maximum rank = 4 per UE

	Performance metrics
	Average UPT



Table 4 SLS evaluation assumption for CJT codebook refinement
	Parameter
	Value

	Carrier Frequency
	2GHz

	Channel Model
	According to the TR 38.901
3D UMa

	Scenario
	Dense urban

	Antenna setup and port layouts at gNB
	- 8 ports: (1,4,2,1,1,1,4), (dH,dV) = (0.5, 0.8)λ
- 16 ports: (2,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ 
(dH, dV) = (0.5, 0.8)

	Antenna setup and port layouts at UE
	(M, N, P, Mg, Ng, Mp, Np) =(1,2,2,1,1,1,2)
(dH, dV) = (0.5, 0.5)

	Modulation
	Up to 256QAM 

	BS Tx power
	46 dBm

	UE Tx power
	23dBm

	BS antenna height
	25 m

	BS receiver noise figure
	5dB

	UE receiver noise figure
	9dB

	Numerology
	14 OFDM symbol slot, 30kHz SCS

	Bandwidth
	20MHz

	UE receiver
	MMSE-IRC

	Network Layout
	20 UEs per cell (in a total of 21 cells)

	PMI/CQI feedback
	Subband

	Traffic model
	FTP-1

	MIMO scheme
	SU/MU-MIMO with rank adaptation
Maximum rank = 4 per UE
SU = 30%, MU = 50~70%

	Performance metrics
	Average UPT and cell-edge/95%-ile UPT



Table 5 LLS simulation assumptions for TDCP report
	Parameter
	Value

	Number of gNB antenna ports
	16

	Number of UE antenna ports
	4

	Number of PRB
	24

	Sub-carrier spacing
	30kHz

	Channel model
	CDL-B; Delay spread 30 ns;
ASA 22 deg; ZSA 7 deg

	Rank and MCS
	Adaptive rank (1-4);
Adaptive MCS

	SNR
	20dB




Average UPT Gain vs overhead/number of DD-basis, i.e., Q

Alt1a	152	217	277	1.00261909280698	1.0641677737711099	1.13241601821978	Alt1b	152	217	277	1.0181438603150501	1.08447523249193	1.1691022964509401	Overhead (bits)
ParaComb: Q = 2, Q = 3 and Q = 4


Avg UPT gain (%)
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