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1. Introduction
In the RAN#94e meeting, the working item “NR MIMO evolution for downlink and uplink” for Rel-18 is approved. The objectives for DL CSI enhancement include [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
· Study, and if justified, specify enhancements of CSI acquisition for Coherent-JT targeting FR1 and up to 4 TRPs, assuming ideal backhaul and synchronization as well as the same number of antenna ports across TRPs, as follows:
· Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off
· Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e. 32
In this technical document, we share our study results and views based on the agreements from the RAN1#110 meeting [2] and the RAN1#110bis-e meeting [3].
2. CSI enhancement for high/medium UE velocities
2.1. [bookmark: _Ref113373137]Codebook structure
In the RAN1#110bis-e meeting, we have the following agreements on the codebook structure [3]:
	Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, when N4>1, down-select from the following alternatives (by RAN1#111) for the orthogonal DFT DD basis:
· Alt1. No rotation factor
· Alt2. A rotation factor is selected for each SD basis vector
· FFS: Supported values of rotation factor
Note: At least two companies opine that Alt2 is not aligned either with the agreement in RAN1#110bis-e or WID objective #1

Agreement
For the Type-II codebook refinement for high/medium velocities, down-select from the following alternatives: 
· Alt1. 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.
· Alt2. A DD-basis-common per-layer 2-dimensional bitmap for indicating the location of NZCs used in Rel-16/17 Type-II is used
· This implies that for each layer, the location of NZCs in SD-FD is common across all the Q 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

Agreement
For the Type-II codebook refinement for high/medium velocities, for N4>1, study the supported values for Q from (but not limited to) the following candidates, in conjunction with the supported values of N4 and DD units:
· Alt1. Q is determined as a function of N4, e.g., Q=2 for N4=2, and Q=ceil(N4/2) for N4>2
· Alt2. Q is selected from multiple candidate values, e.g., {2, 3, 4, …,} (or a subset thereof, e.g. {2, 3}), the maximum value is FFS
· Alt3. Only single value is supported, e.g. Q=2 only or Q=4 only


In this section, the simulation results follow the assumptions in Table 1 and Appendix I.
[bookmark: _Ref117179215][bookmark: _Ref117179207]Table 1: Simulation assumptions
	Scenario
	# CSI-RS 
	Separation
	Offset 
	

	UMa 30 km/h
	10
	5 slots
	1 slot
	

	UMa 60 km/h
	10
	2 slots
	1 slot
	


[bookmark: _Ref113366303]Table 2: Average UPT gain with rotation factor 4 versus without rotation factor 
	Parameter combination
	
	
	
	
	5
	6
	7
	8

	UMa 30km/h
	0.4%
	0.0%
	0.6%
	1.0%
	1.0%
	-0.1%
	0.2%
	0.9%

	UMa 60km/h
	2.2%
	0.4%
	1.0%
	1.3%
	1.2%
	0.9%
	1.3%
	1.7%


Table 2 shows the throughput gains with rotation factor per SD basis vector for different parameter combinations (PCs)  supported for R16 eType II codebook. The assumed rotation factor in the simulations is 4. We assume and independent NZC selection for each DD basis vector. Since the performance gain is marginal, it may not be worth the extra implementation complexity and specification effort.
Proposal 1: For the Rel-18 Type-II codebook refinement for high/medium velocities, no rotation factor is introduced for the orthogonal DFT DD basis.
As for the supported values of , we have performed simulations for all PCs  supported for R16 eType II codebook, where we assume independent NZC selection for each DD basis vector. Figure 1 shows the throughput-overhead tradeoff for the case of UMa 30km/h. Each curve has eight points, corresponding to PCs 1 to 8. The CSI feedback overhead is calculated based on R16 eType II codebook with the following adaptation: The number of linear combination coefficients is updated as  per layer and the bitmap for NZC selection is of  bits. For fair comparison, the CSI feedback overhead is normalized with respect to 5 slots. Compared with ,  provide little performance gain but incurs higher feedback overhead. Thus, for  we prefer to support  only.
Proposal 2: For the Rel-18 Type-II codebook refinement for high/medium velocities, support one single value 2 for the number of selected DD basis vectors for , i.e., .
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[bookmark: _Ref118278959]Figure 1: Throughput-overhead tradeoff for UMa 30km/h with different values of , 
Finally, we discuss the bitmap design for NZC selection. In addition to the agreed Alt1 and Alt2, we also compare the proposal from Fraunhofer IIS/Fraunhofer HHI in [4]: 
Alt 1A: Single 2-dimensional bitmap of size 2LM (similar as in R16) for indicating the location of the NZCs, and a single bitmap of size MQ to report the association of each DD component to each FD component.
In words, the delay-Doppler pairs can be first down selected from  to . The overhead per layer for the three alternatives are respectively 
1) Alt1: 
2) Alt1A: 
3) Alt2:  
Table 3 shows the overhead for different bitmap designs assuming , , and rank 1. Alt1 incurs a much higher overhead for high PC values.
Table 4 shows the average UPT gains of the three alternatives, assuming . We observe that Alt1A outperforms Alt1 and Alt2. The performance gain of Alt1A over Alt2 is more apparent for low PCs (i.e., low overhead). Alt1A is based on a valid assumption of channel and thus can be more robust to prediction error than Alt1. As Alt1A outperforms Alt1 and Alt2 with acceptable overhead increase compared with Alt2, we propose to support Alt1A.
Proposal 3: For the Type-II codebook refinement for high/medium velocities, support a single 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 a selected pair of FD basis vector and DD basis vector.
[bookmark: _Ref117248688]Table 3: Size of bitmaps for NZC selection (, , rank 1) 
	Parameter combination
	
	
	
	
	5
	6
	7
	8

	Alt1
	40
	40
	80
	80
	80
	144
	120
	120

	Alt1A
	30
	30
	50
	50
	50
	90
	70
	70

	Alt2
	20
	20
	40
	40
	40
	72
	60
	60


[bookmark: _Ref117696719][bookmark: _Ref117696712]Table 4: Average UPT gains of bitmap designs for NZC selection versus baseline
	Parameter combination
	
	
	
	
	5
	6
	7
	8

	UMa 30km/h
	Alt 1
	3.7%
	2.6%
	8.2%
	8.9%
	10.3%
	12.4%
	11.4%
	11.5%

	
	Alt1A
	5.1%
	4.3%
	9.7%
	10.3%
	10.6%
	12.4%
	12.1%
	13.3%

	
	Alt 2
	-2.3%
	1.6%
	5.4%
	8.6%
	10.2%
	11.9%
	10.6%
	11.9%

	UMa 60km/h
	Alt 1
	-0.3%
	1.7%
	6.5%
	9.2%
	11.0%
	13.7%
	12.0%
	12.8%

	
	Alt1A
	0.6%
	2.7%
	6.8%
	9.4%
	11.0%
	13.8%
	12.3%
	14.0%

	
	Alt 2
	-5.1%
	0.8%
	3.5%
	8.5%
	10.9%
	13.8%
	11.1%
	13.1%



2.2. CSI measurement/reporting
In the RAN1#110bis-e meeting, we have the following agreement about enhancement of aperiodic CSI-RS [3]:
	Agreement
On the CSI reporting and measurement for the Rel-18 Type-II codebook refinement for high/medium velocities, support the following CSI-RS resource types/structures for CMR, support the following: 
· (Alt1) Support K>1 NZP CSI-RS resources, received via a single triggering instance, for aperiodic (AP) CSI-RS-based channel measurement in a same CSI-RS resource set where the separation between 2 consecutive AP-CSI-RS resources is m slot(s)


It is desirable that the separation  can be a divisor (factor) of a supported CSI-RS periodicity so that some CSI-RS resources can be shared among all UEs, not just for high/medium-speed UEs. In order to detect channel variations, the separation  should be sufficiently small. However,  should be sufficiently large to have good resolution in Doppler domain. To have a reasonable CSI-RS overhead and buffer size of UE,  cannot be arbitrarily large. Then, the separation  should be large enough. In case that most UEs in the cell are at low speeds, e.g., 3 km/h, the CSI-RS periodicity can be 10ms or larger. It is inefficient to configure periodic/semi-persistent CSI-RS with periodicity 5ms to support UEs at high/medium speeds. Thus, we propose to support .
Proposal 4: For aperiodic CSI-RS-based channel measurement in a same CSI-RS resource set, support  (slots) for the separation between 2 consecutive CSI-RS resources.
As for number of NZP CSI-RS resources, the set  provides a good tradeoff among overhead, complexity, and performance.
Proposal 5: For aperiodic CSI-RS-based channel measurement in a same CSI-RS resource set, support  for number of NZP CSI-RS resources.
In the RAN1#110bis-e meeting, we have the following agreement on the CSI reporting window [3]:
	Agreement
On the CSI reporting and measurement for the Rel-18 Type-II codebook refinement for high/medium velocities, when UE-side prediction is assumed, study the supported value(s) for δ and WCSI from (but not limited to) the following candidates, in conjunction with the supported values of N4 and DD units:
· δ (slots): {0, 1, 2, 3, 4, 6, 8}, or a subset thereof with at least two values including 0, or a single fixed value (e.g. 0 or 1) 
· WCSI (slots): 1, N4, following periodicity of P/SP-CSI-RS or SP-CSI (e.g., 4, 5, 8, 10, 16, 20, 40),  (d=DD unit size in slots, N4 is unit-less)
FFS: Dependence on sub-carrier spacing should also be studied


For the supported value(s) of , it depends on gNB’s processing capability. We prefer that  is supported only if gNB can support PDSCH transmission with the decoded CSI in the same slot. Large values of  is not preferable as the prediction performance degrades if the starting position is further away from the last CSI-RS occasion. Our preference of  is the set . 
Proposal 6: On the CSI reporting and measurement for the Rel-18 Type-II codebook refinement for high/medium velocities, support .
First, it is natural that . For convenience of configuration, implementation, and/or scheduling, it is desirable that the size of CSI reporting window follows a supported value of CSI reporting periodicity. Thus, we propose that the supported values of  and  are specified in pairs. As the prediction performance degrades when further away from the last CSI-RS occasion, our simulation results show that  is required to have a decent performance gain compared with the baseline. However,  can be additionally supported for medium speeds like 10, 20 km/h. To limit UE’s implementation complexity, it is desirable that . In addition, the size of TD unit can be limited to 20. Our preferred combinations can be summarized as:
Proposal 7: For the Type-II codebook refinement for high/medium velocities, support  specified in pairs with the restrictions that , , and .
We performed system-level simulations for different combinations of  assuming  for , no rotation factor, and Alt1A for NZC bitmap. Figure 2 and Figure 3 show the throughput-overhead tradeoff for UMa 30 km/h and for UMa 60 km/h, respectively. Each curve has eight points, corresponding to PCs 1 to 8. The CSI feedback overhead is calculated based on R16 eType II codebook with the following adaptation: The number of linear combination coefficients is updated as  per layer and the bitmap for NZC selection is of  bits. For fair comparison, the CSI feedback overhead is normalized with respect to 5 slots.
Under the same , we observe that the throughput for  is competitive with the throughput for . Although the overhead is similar for  and for , it requires CSI interpolation and more SVD operations. Thus,  should be avoided.
Proposal 8: For the Type-II codebook refinement for high/medium velocities,  is not supported.
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[bookmark: _Ref117779543]Figure 2: Throughput-overhead tradeoff for UMa 30km/h with different values of , 
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[bookmark: _Ref117779995]Figure 3: Throughput-overhead tradeoff for UMa 60km/h with different values of , 
In the RAN1#110 meeting, we have the following agreement on DD/TD unit [2]:
	Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, support DD/TD (compression) unit (analogous to PMI sub-band for Rel-16 codebook) as a codebook parameter.
· FFS: whether this parameter is defined as a function of another parameter
· FFS: whether this is used for PMI only or PMI/CQI


CQI calculation requires not only channel measurement, but also interference measurement. For a UE moving at high/medium speed, most likely other nearby UEs are moving as well. If the precoders are frequently updated to match channel variations, it implies that interference changes dynamically. As UEs have no information to infer the precoders for other UEs, it is impossible to predict interference other than “sample and hold”.
Proposal 9: For the Type-II codebook refinement for high/medium velocities, TD unit is used for PMI only.
As CQI prediction is difficult, the idea of one single CQI (in time domain) representing the entire CSI reporting window is questionable. First, it is very likely that CQI accuracy degrades towards the end of CSI reporting window. Second, even if PMI prediction is feasible, the accuracy of predicted PMI also degrades towards the end of CSI reporting window. Instead of calculating a less accurate CQI representing the entire CSI reporting window, it might be better that the reported CQI is calculated for a time instance where the associated PMI has high quality and the measured interference is as close as possible. Then, naturally this time instance is the first slot of CSI reporting window.
Proposal 10: For the Rel-18 Type-II codebook refinement for high/medium velocities, in time domain only one CQI is reported and is calculated for the first slot of CSI reporting window.
2.3. Time-domain channel properties (TDCP)
In the RAN1#110bis-e meeting, we have the following agreements on the TRS-based TDCP reporting [2]:
	Agreement
For the Rel-18 TRS-based TDCP reporting, down select one of the following alternatives by RAN1#110bis-e:
· AltA. Based on Doppler profile
· E.g., Doppler spread derived from the 2nd moment of Doppler power spectrum, average Doppler shifts, Doppler shift per resource, maximum Doppler shift, relative Doppler shift, etc
· AltB. Based on quantized amplitude of time-domain correlation profile
· E.g. Correlation within one TRS resource, correlation across multiple TRS resources
· Note: The correlation over one or more lags of TRS resource may be considered.  The lags may be within one TRS burst or different TRS bursts
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) signaled with respect to each alternative

Conclusion
For the Rel-18 TRS-based TDCP reporting, the description in the 2nd and 3rd columns of Table 1 in R1-2210523 (“what to report” and “how to calculate”, respectively) will be used as a reference for further evaluation and down selection in RAN1#111, with the following edit (underlined and yellow highlighted):
· Scheme B column 2: “Amplitude  vs. delay value , e.g. Non-zero quantized version of amplitude  for a number of delay values t (quantized amplitude vs delay) ….”


It is known that the autocorrelation function  and the power spectral density  form a Fourier-transform pair:

In practice, the continuous-time  is not available. Instead, the discrete-time autocorrelation function  can be well estimated and we have 

Usually, the autocorrelation function concentrates on just a few lags and then the power spectral density can be well approximated as 

for some integer . 
If we perform DFT on  to estimate Doppler shifts, then it is known as periodogram in signal processing. For spectral density estimation, there are advanced techniques that can outperform periodogram. It is not preferable that a particular scheme is specified, so AltA5 should not be supported.
Proposal 11: For TRS-based TDCP reporting, the specification should not be designed in favour of a particular spectral estimation scheme.
AltA2, AltA3, and AltA4 require estimation of Doppler shifts, which assumes each delay path is composed of one or multiple dominating Doppler shifts. As for AltA1, the Doppler spread is estimated assuming that the Doppler spectrum follows Jakes’ model. Depending on frequency ranges and the applied Tx beamforming, if any, the two assumptions can be valid or invalid. It is not preferable that the specification makes assumptions on Doppler spectrum.
Proposal 12: For TRS-based TDCP reporting, the specification should not be designed in favour of a particular assumption of Doppler spectrum.
One can argue that both assumptions can be supported. However, it implies increased complexity at the UE side. Furthermore, it is not straightforward to determine the required precision of Doppler spread or Doppler shift because its relationship with CSI-related configuration is unclear. As a UE vendor, we do not prefer that the required precision is overestimated as high-precision Doppler spread or Doppler shift would require much higher complexity than high-precision time-domain correlation. 
AltB is preferable as 1) it is simple for UE implementation, 2) it does not impose any assumption on Doppler spectrum or on spectral estimation techniques, and 3) how to derive Doppler information can be up to gNB implementation. As only aperiodic reporting is supported, the increased overhead from reporting multiple lags is acceptable. Multiple number of lags can be supported and RRC configurable.
Proposal 13: For TRS-based TDCP reporting, support AltB, i.e., based on quantized amplitude of time-domain correlation profile. Multiple number of lags can be supported and RRC configurable.

3. CSI enhancement for coherent JT
In this section, we continue the discussion on CSI enhancements for mTRP CJT and share our results and views regarding spatial domain bases selection, linear combination coefficient quantization and reporting, and parameter combination.
3.1. On spatial domain (SD) bases selection
In RAN1#110bis-e, the following agreements were made regarding spatial domain (SD) bases selection in Type II codebook for Coherent-JT [3]:
	Agreement
On the Type-II codebook refinement for CJT mTRP, following legacy (Rel-16 regular eType-II and Rel-17 PS FeType-II), for a given CSI-RS resource:
· SD basis selection is layer-common and polarization-common, with N1, N2, O1, O2 defined per Rel-16 specification for refinement based on Rel-16 regular eType-II, and per Rel-17 specification for refinement based on Rel-17 PS FeType-II
· FD basis selection is 
· For refinement based on Rel-16 regular eType-II: per-layer with Mv, pv, N3, and R defined per Rel-16 specification
· For refinement based on Rel-17 PS FeType-II: layer-common with M, N3, and R defined per Rel-17 specification
· FFS: Details on FD basis selection window
Note: The supported value(s) for each of the defined parameters are to be discussed separately (e.g. possibilities of adding new or removing existing value(s) in addition to those supported by legacy specification).
Agreement
On the SD basis selection for Type-II codebook refinement for CJT mTRP, support the following on the  parameter:
· Per-CSI-RS-resource  parameter
· TBD: Whether  are higher-layer configured by gNB, or the total  is higher-layer configured by gNB while   are reported by the UE, one  configured and  determined from the configured set
· FFS: The value of  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

· Alt 2.  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

· Alt 3. 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

· Alt 4. 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



Since the multi-TRP deployment is expected to be geographically distant, the downlink channel conditions from each TRP to a particular UE could be different, therefore it was agreed in the last meeting to support TRP specific (per CSI-RS resource) number of SD beams . In this meeting, it is to be decided whether these SD beam numbers  are configured by the gNB or reported by the UE. When reported by the UE, since this number also decides the CSI report feedback overhead on the PUSCH, gNB needs to have a way of controlling (knowing beforehand) the total number of SD beams. The alternatives 2 to 4 provide a way of doing this by having the parameters  (Alt 2),  (Alt 4) and a single parameter  in Alt 3. We discuss each of these alternatives below and provide simulation results to support the discussion.
· Alt 1: gNB configured  extends directly from Rel-16 configuration of the single  parameter and has the least impact from spec and UE implementation perspective. For gNB determination of , one possible way we think of is based on uplink channel measurement from SRS along with coarse DL channel information (like RSRP). Also, since SD bases are expected to change infrequently, past  reports as well may be used by gNB to determine the values of .
· Alt 2: gNB configures  and the individual  are reported by UE. Since this alternative forces the UE to report a total of  beams, it causes some corner case problems wherein the UE after finding a certain large  for a particular TRP, is forced to accommodate the remaining beams within  for the remaining TRPs. Also, from our analysis regarding the need for candidate values of  (explained below), the total number of beams determined by UE could be less than .
· Alt 4: This alternative is related to Alt 2 in the sense that a single  is configured by the gNB. Assuming that  is sufficiently high, the problem of UE requiring to accommodate beams within  is removed. Also, with candidate values for , the total number of SD beams being less than  is allowed by this alternative.
· Alt 3: In this alternative, the gNB configures a single parameter , and the individual  are determined from  by way of equations, for example,  and  for . In case the reference TRP  for which  is determined by the gNB based on RSRP, then this alternative reduces to Alt 1 with a restricted configuration. If this is not the case, considering a four TRP PMI report, the possible hypotheses for  the UE may have to test in this case would be  ,  ,  , . While this reduces the UE search space considerably compared to Alt 2 and Alt 4, the four combinations above may not be the best in terms of performance for a given total overhead. Towards this, defining more equations to accommodate more combinations of  would eventually lead this alternative to Alt 2 or Alt 4. In this sense, Alt 3 can be viewed as an intermediate case between gNB configuration (Alt 1) and UE reporting (Alt 2/4).
Need for candidate values of 
For a single TRP case, the number of SD beams  is determined based on the downlink channel from the single TRP, and since it is related to the number of resolvable spatial domain paths, it usually depends on the rank of the channel. However, in the mTRP case, the per TRP channel cannot be used to determine the optimal number of per TRP SD beams . This is because  determination needs to consider the joint mTRP channel in order to co-ordinate the inter-TRP (spatial domain) interference. An example is shown in Figure 4.
[image: ]
[bookmark: _Ref118447820]Figure 4: Coordinating inter-TRP interference via SD beams
In this scenario, a UE is placed in a location favorable to 4-TRP transmission. The SD beams determined based on per TRP channel are also shown in the figure. However, considering a joint transmission by the 4 TRPs, it is seen that certain beams (colored red) could interfere among TRPs 1 and 2. Therefore, it is better if TRPs 1 and 2 use a single SD beam. Therefore, when a total number of SD beams is configured in Alt 2 or Alt 4, in the absence of a candidate set of SD beams, the number of 4 TRP beam combinations the UE needs to search using the joint mTRP channel becomes huge. The overhead of reporting a free selection of beams becomes an issue too. Even if it is argued that the NZC in linear combination coefficients could take care of inter-TRP interference effects, it still means that the UE needs to compute the linear combination coefficients to determine the best  and that a standalone  report according to UCI priority would not handle inter-TRP interference well.
Therefore, similar to legacy Rel-16, it makes sense to have a candidate value set for  for Alt 2 and Alt 4. For Alt 1 and Alt 3,  is explicitly configured or implicitly derived from gNB configuration, respectively, and do not need a candidate value set. Since the codebook needs to handle up to 4 TRPs, some consideration on candidate value set is needed. For example,  maybe a candidate value (considering 4 TRP case, this chooses  SD bases). Similarly,  may not be needed considering that there will be a restriction on the maximum supported value of . Further, we emphasize that the value of  is not allowed as a candidate value, since it amounts to TRP selection. As agreed in the previous meeting, an  TRP CSI report is reported from an  TRP configuration, and we expect that none of the   is 0.
Next, we present simulation results regarding the SD basis selection mechanisms. Simulations are carried out for 4-TRP CJT case, where the 4 TRPs are located within the same cell site (sector) with ISD = 200 m. Each TRP contains 8Tx antenna ports and UE contains 2 Rx antenna ports. SU/MU-MIMO up to rank 2 is supported. The baseline for average UPT gain is the conventional single TRP with 8 Tx ports and Rel-16 eType II precoder with parameter combination 1. The remaining simulation assumptions are presented in Appendix II for convenience. We assume that  can be chosen from the candidate set {1,2}. As such, there are 16 combinations of  for .
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[bookmark: _Ref118448545]Figure 5: UPT performance of different combinations of SD beams
In Figure 5, we present the simulation results of average UPT performance and overhead (OH) for various gNB configurations of the total number of SD beams . From the various combinations of  possible for a given  the combination with the highest performance is chosen for the comparison. As an example, for  among the combination indices 4,6,7,10,11,13, the index 11 is found to have the highest performance.  is used for the simulations and overhead calculation.
From the results, we observe that the performance does not monotonously increase with the total number of beams as in a single TRP case. Although there is a 1~2 % improvement from  to , the intermediate values of  can give a better performance. This means that reporting less beams than the gNB configured total beams can potentially offer a better performance-overhead tradeoff. Further, the fact that a particular combination of beams for the same  achieves the best performance justifies the need for a candidate value set for  in Alt 2 and Alt 4.
To check how many UEs in the cell sector benefit from the different combinations of SD beams, in Figure 6 we present the statistics of the number of UEs achieving their highest wideband (WB) throughput for a particular combination of SD beams. Since the SD beams determine the WB system performance in case of dropped reports of linear combination coefficients, such statistics are useful.

[bookmark: _Ref118449184]Figure 6: Wideband throughput UE statistics for different combinations of SD beams
For the 7-cell simulation scenario considered, there are 3 sectors per cell, and we assume that there are 10 UEs in each sector. Hence, in total there are  UEs in the systems. Among the 210 UEs, different UEs achieve their highest WB throughput with different SD beam combination and in the above figure, we plot the number of UEs achieving their highest WB throughput for each SD beam combination index. From this figure, the main observation is that not many UEs could benefit from a restricted set of combinations, e.g., (2,1,1,1), (1,2,1,1), (1,1,2,1) and (1,1,1,2) as in Alt 3 and that other combinations are also needed to achieve the best performance for a particular UE (as in Alt 2/4).
From the above analysis and results, we make the following observations and proposals:
Observation 1: gNB configuration of SD beams (Alt 1) extends from legacy Rel-16 configuration of  parameter and is the most straightforward alternative from specification and UE implementation perspective.
Observation 2: gNB configuration of  (Alt 2) forces the UE to accommodate SD beams within . Also, this configuration is not favorable for having candidate values for , since the total number determined by UE may not add up to .
Observation 3: gNB configuration of a sufficiently large  (Alt 4) alleviates some of the drawbacks of Alt 2.
Observation 4: gNB configuration of  and determining individual  by way of equation (Alt 3) can be viewed as an intermediate between Alt 1 and Alt 2/4 in the sense that UE can select SD beams from a limited set. It has less specification and UE implementation impact. However, the restricted combination of SD beams may not be beneficial to all UEs.
Observation 5: For Alt 2 and Alt 4, a candidate value set is needed for  to limit UE complexity of searching for the optimal number of SD beams from the joint mTRP channel.
Proposal 14: For the SD basis selection in Type-II codebook refinement for CJT mTRP, support Alt 1 as a first preference.
Proposal 15: For the SD basis selection in Type-II codebook refinement for CJT mTRP, support Alt 4 as a second preference.
Proposal 16: For the SD basis selection in Type-II codebook refinement for CJT mTRP, a candidate value set for , e.g.,  is needed for at least Alt 4 and Alt 2.
Proposal 17: For the SD basis selection in Type-II codebook refinement for CJT mTRP, at least for Alt 4 and Alt 2, UE is not allowed to report any individual .
3.2. On linear combination coefficient matrix 
In RAN1 #110bis-e, the following agreements were made regarding coefficient quantization for Rel-18 codebook [3]:
	Agreement
On the Type-II codebook refinement for CJT mTRP, following legacy (Rel-16 regular eType-II and Rel-17 PS FeType-II), regarding the location of non-zero coefficients (NZCs) indicated by bitmap (following legacy mechanism), for each layer, support separate bitmap per each CSI-RS resource
· Total size , where  is the bitmap size for CSI-RS resource n
· TBD: Whether  for Mode 2) analogous to legacy, or further reduction of bitmap size is supported.
· FFS: Depending on the outcome of other issues, whether  or 

· FFS: Per-CSI-RS-resource NNZC (number of NZCs) constraint vs. joint NNZC constraint across N CSI-RS-resources

Agreement
For the Rel-18 Type-II codebook refinement for CJT mTRP, the constraint on the maximum number of non-zero coefficients (NZCs) per-layer (K0) is defined jointly across all N CSI-RS resources
· TBD: the constraint on the total number of NZCs across all layers

Agreement
On the Type-II codebook refinement for CJT mTRP, regarding the bitmap(s) for indicating the locations of NZCs, down-select from the following alternatives for the size of the bitmap for CSI-RS resource n (Bn) (by RAN1#111):
· Alt1. Analogous to legacy,  ( for mode 2)

· Alt2. Non-rectangular bitmap, i.e., NZC bitmap allowing different lengths for different SD/FD basis vectors.
· TBD: How to determine the lengths for different SD/FD basis vectors

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

Conclusion
On the Type-II codebook refinement for CJT mTRP, regarding W2 quantization group and Strongest Coefficient Indicator (SCI) design, there is no consensus on supporting “strongest” CSI-RS resource indicator in addition to the agreed SCI. 
· Note: This doesn’t preclude any (future) proposal on reference CSI-RS resource(s) for other purpose(s)

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
For the Rel-18 Type-II codebook refinement for CJT mTRP, also support a constraint on the total number of non-zero coefficients (NZCs) summed across all layers:
· Following the legacy specification, the maximum total number is 2 K0



Regarding the working assumption on quantization Alt 3
In the last meeting, it was agreed to support quantization Alt 1 – with Cgroup,phase=1and Cgroup,amp=2 for the Rel-18 Type II codebook for CJT. However, there were extensive discussions on Alt 3 – which differs from Alt 1 by having Cgroup,amp=2N, i.e., each polarization of each TRP having it’s own amplitude reference. It was argued that such amplitude reference would improve performance in geographically distant TRP deployments.
However, amplitude variations across distant TRPs are implicitly taken care in the precoder computation from the joint mTRP channel and consequently in quantization Alt 1. Having separate amplitude references would artificially boost the number of NZC, thereby increasing overhead but not contributing meaningfully to performance improvement. Therefore, supporting quantization Alt 3 is not necessary.
Proposal 18: For Rel-18 Type II codebook for CJT, do not support quantization Alt 3.
Regarding bitmap overhead reduction
The positions of the non-zero linear combination coefficients for each layer in the Rel-18 Type II precoder for CJT would need to be reported using a bitmap of size ; where  and  represent the number of SD and FD basis vectors for CSI-RS resource . To reduce the reporting overhead of this bitmap, there was a need felt to optimize its size, for example, by having different number of SD basis vectors for each FD basis vector and vice versa. However, such over optimization would result in signaling overhead and UE complexity to determine different number of SD/FD basis vectors, perhaps also increasing reporting overhead to report the selected SD/FD basis vectors. Therefore, it is preferred to retain the legacy way of determining bitmap size.
Proposal 19: For Rel-18 Type II codebook for CJT, support legacy way of determining bitmap size, i.e,  for CSI-RS resource .
3.3. On parameter candidate values
In RAN1 #110bis-e, the following agreement was made regarding parameter values for Rel-18 codebook [2]
	Agreement
On the Type-II codebook refinement for CJT mTRP, regarding the codebook parameters, for a given CSI-RS resource, the supported value(s) of the following parameters follow the legacy (Rel-16 regular eType-II and Rel-17 PS FeType-II) specification:  

· N1, N2, N3, O1, O2 
· M (only for design based on Rel-17 PS FeType-II)

For the following parameters, decide in RAN1#111 whether the supported value(s) follow the legacy (Rel-16 regular eType-II and Rel-17 PS FeType-II) specification or further refinement is needed:

· R: including, e.g. supporting only R=1, or supporting larger R values
· Mv/pv (Rel-16 regular eType-II): including, e.g. supporting smaller pv values such as {1/8, 1/4, 1/2} for v=1,2 and/or removing larger legacy value(s)
· b: including, e.g. supporting smaller values such as {1/16, 1/8, 3/8}

Note: The outcome of Parameter Combination discussion will further restrict the supported combinations of parameter value(s)
FFS: For N>1, whether the maximum 2N1N2 (identical to the number of CSI-RS ports used for CMR) is limited to 32 just as in legacy specification



The feedback overhead of CJT CSI scales with the number of TRPs  participating in the joint transmission. Hence there is a need to introduce additional values of parameters – R (number of PMI subbands per CQI subband), pv (frequency domain compression coefficient) and  (NZC compression coefficient) - which enable lowering the feedback overhead.
Values of R
Legacy Rel-16 codebook supports two values of R, R=1 and R=2, with the latter being a UE optional feature. Since the objective is to reduce feedback overhead, higher values of R are not desired, due to a considerable increase in PMI reporting overhead, not to mention the significant increase in UE complexity. We prefer to retain the legacy values and UE optional feature of R=2 for the Rel-18 Type II codebook as well.
Values of  and 
Since the objective of introducing additional (lower) candidate values is to limit the feedback overhead, we concentrate our study on the low feedback overhead regime. Further, since we limit =32 in our simulation by considering  TRPs each with 8 Tx ports, we benchmark the low feedback regime as the regime in which the overhead is ~200 bits for rank 2 PMI. In Table 5, we illustrate the feedback overhead of the Rel-18 Type II codebook with  and . The overhead is calculated for two sets of parameters – one, with legacy Rel-16 and second, with various combinations of  and .
From Table 5, we see that the feedback overhead corresponding to the lowest value of FD compression in Rel-16, i.e., , cannot lie in the low overhead regime. Therefore, a candidate value of  is needed for Rel-18, and a suitable value is . When  we see that feedback overhead with legacy values of  lie comfortably in the low overhead regime.
However, for higher subband sizes, e.g., 16, the number of PMI subbands,  is much smaller and a value of   would result in only 1 or 2 FD bases selected, which results in a nearly wideband PMI. In an mTRP scenario, the propagation delay spread is expected to be large and the channel is more frequency selective. A wideband PMI in such situation would affect performance. Therefore, the legacy values of  should be retained.
[bookmark: _Ref118449578]Table 5: Feedback overhead of Rel-18 Type II codebook
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[bookmark: _Ref118449715]Figure 7: UPT gain vs. overhead for two sets of  combinations

For low , better ways to control overhead will be via lower values of  and . In Figure 7 we show one such way of trading off performance by letting   when 
We show two combinations of parameters, namely  and . In each of these combinations, the first, second and the third points correspond to  and 8 respectively. It is seen that the combination  can achieve 2~5 % UPT gain compared to .
From the above study and analysis, we make the following observations and proposals:
Observation 6: For large number of PMI subbands, a value  is needed to achieve a low feedback overhead.
Observation 7: When the number of PMI subbands is low,   is needed for performance. In this case, overhead is better controlled by low values of   and/or .
Proposal 20: For Rel-18 Type II codebook for CJT, retain legacy values of R without any inclusion of additional values.
Proposal 21: For Rel-18 Type II codebook for CJT, support 
Proposal 22: For Rel-18 Type II codebook for CJT,  from legacy Rel-16 should be retained.








4. Conclusion
In summary, based on the above discussion we have the following observations and proposals:
Observation 1: gNB configuration of SD beams (Alt 1) extends from legacy Rel-16 configuration of  parameter and is the most straightforward alternative from specification and UE implementation perspective.
Observation 2: gNB configuration of  (Alt 2) forces the UE to accommodate SD beams within . Also, this configuration is not favorable for having candidate values for , since the total number determined by UE may not add up to .
Observation 3: gNB configuration of a sufficiently large  (Alt 4) alleviates some of the drawbacks of Alt 2.
Observation 4: gNB configuration of  and determining individual  by way of equation (Alt 3) can be viewed as an intermediate between Alt 1 and Alt 2/4 in the sense that UE can select SD beams from a limited set. It has less specification and UE implementation impact. However, the restricted combination of SD beams may not be beneficial to all UEs.
Observation 5: For Alt 2 and Alt 4, a candidate value set is needed for  to limit UE complexity of searching for the optimal number of SD beams from the joint mTRP channel.
Observation 6: For large number of PMI subbands, a value  is needed to achieve a low feedback overhead.
Observation 7: When the number of PMI subbands is low,   is needed for performance. In this case, overhead is better controlled by low values of   and/or .
Proposal 1: For the Rel-18 Type-II codebook refinement for high/medium velocities, no rotation factor is introduced for the orthogonal DFT DD basis.
Proposal 2: For the Rel-18 Type-II codebook refinement for high/medium velocities, support one single value 2 for the number of selected DD basis vectors for , i.e., .
Proposal 3: For the Type-II codebook refinement for high/medium velocities, support a single 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 a selected pair of FD basis vector and DD basis vector.
Proposal 4: For aperiodic CSI-RS-based channel measurement in a same CSI-RS resource set, support  (slots) for the separation between 2 consecutive CSI-RS resources.
Proposal 5: For aperiodic CSI-RS-based channel measurement in a same CSI-RS resource set, support  for number of NZP CSI-RS resources.
Proposal 6: On the CSI reporting and measurement for the Rel-18 Type-II codebook refinement for high/medium velocities, support .
Proposal 7: For the Type-II codebook refinement for high/medium velocities, support  specified in pairs with the restrictions that , , and .
Proposal 8: For the Type-II codebook refinement for high/medium velocities,  is not supported.
Proposal 9: For the Type-II codebook refinement for high/medium velocities, TD unit is used for PMI only.
Proposal 10: For the Rel-18 Type-II codebook refinement for high/medium velocities, in time domain only one CQI is reported and is calculated for the first slot of CSI reporting window.
Proposal 11: For TRS-based TDCP reporting, the specification should not be designed in favour of a particular spectral estimation scheme.
Proposal 12: For TRS-based TDCP reporting, the specification should not be designed in favour of a particular assumption of Doppler spectrum.
Proposal 13: For TRS-based TDCP reporting, support AltB, i.e., based on quantized amplitude of time-domain correlation profile. Multiple number of lags can be supported and RRC configurable.
Proposal 14: For the SD basis selection in Type-II codebook refinement for CJT mTRP, support Alt 1 as a first preference.
Proposal 15: For the SD basis selection in Type-II codebook refinement for CJT mTRP, support Alt 4 as a second preference.
Proposal 16: For the SD basis selection in Type-II codebook refinement for CJT mTRP, a candidate value set for , e.g.,  is needed for at least Alt 4 and Alt 2.
Proposal 17: For the SD basis selection in Type-II codebook refinement for CJT mTRP, at least for Alt 4 and Alt 2, UE is not allowed to report any individual .
Proposal 18: For Rel-18 Type II codebook for CJT, do not support quantization Alt 3.
Proposal 19: For Rel-18 Type II codebook for CJT, support legacy way of determining bitmap size, i.e,  for CSI-RS resource .
Proposal 20: For Rel-18 Type II codebook for CJT, retain legacy values of R without any inclusion of additional values.
Proposal 21: For Rel-18 Type II codebook for CJT, support 
Proposal 22: For Rel-18 Type II codebook for CJT,  from legacy Rel-16 should be retained.
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[bookmark: _Ref117841622]Appendix I
SLS assumptions for CSI enhancement of high/medium UE velocities
	Parameter
	Value

	Scenario
	Urban macro (UMa)

	Duplex, Waveform 
	FDD, OFDM 

	Multiple access 
	OFDMA 

	Frequency Range
	FR1 only, 2 GHz.

	Inter-BS distance
	200 m 

	Channel model
	According to the TR 38.901 

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

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

	BS Tx power 
	41 dBm

	BS antenna height 
	25 m 

	UE antenna height & gain
	Follow TR36.873 

	UE receiver noise figure
	9 dB

	Modulation 
	Up to 256 QAM 

	Numerology
	Slot/non-slot 
	14 OFDM symbols per slot

	
	SCS 
	15 kHz 

	Simulation bandwidth 
	10 MHz

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

	MIMO scheme
	SU/MU MIMO with rank adaptation

	MIMO layers
	Maximum MU layers 8

	CSI-RS periodicity
	As shown in the tables

	CSI feedback 
	CSI feedback periodicity:  5 slots (baseline)
Scheduling delay: 4 ms (baseline)

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	Traffic load (Resource utilization)
	70%

	UE distribution
	100% outdoor

	UE receiver
	MMSE-IRC

	Spatial consistency mobility procedure
	Disabled






[bookmark: _Ref118448372]Appendix II
SLS assumptions for CSI enhancement of coherent JT
	Parameter
	Value

	Duplex, Waveform 
	FDD, OFDM 

	Multiple access 
	OFDMA 

	Scenario
	Outdoor1: Dense urban macro with 4 intra-cell TRPs
[image: ] 

	Frequency Range
	2 GHz

	Inter-site distance
	200 m 

	Channel model
	Based on TR 38.901.
Difference in propagation delays between UE and NTRP TRPs is taken into account in the composite Channel Impulse Response (CIR)

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

	Antenna setup and port layouts at UE
	2RX: (1,1,2,1,1,1,1)

	BS Tx power 
	44 dBm

	BS antenna height 
	25 m 

	UE antenna height & gain
	According to TR36.873 

	UE receiver noise figure
	9 dB

	Modulation 
	Up to 256QAM 

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	15kHz 

	Simulation bandwidth 
	20 MHz 

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

	MIMO scheme
	SU/MU-MIMO adaptation with up to rank 2 

	CSI feedback 
	CSI feedback periodicity:  5 ms 
Scheduling delay: 4 ms

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	Traffic load (Resource utilization)
	70% for MU-MIMO
20 % for SU-MIMO

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

	UE receiver
	MMSE-IRC 

	Baseline for performance evaluation
	Single TRP Rel-16 eTypeII 



Series 1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	64	0	33	37	9	0	26	0	9	16	0	2	12	1	1	0	SD bases combination index s


 #UEs achieving maximum average WB throughput  for SD bases comb index s



(pv=1/8,beta=3/4)	130	210	236	29.02	27.81	28.93	(pv=1/4,beta=3/8)	150	242	272	29.02	29.23	32.76	Feedback overhead in bits


Avg. UPT gain (%)
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