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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Significant progress on MTRP CSI enhancement and partial reciprocity were achieved in previous meetings [1].
In this paper, our views on remaining issues, further potential enhancements, and evaluation results on CSI enhancements for MTRP/panel transmission and partial reciprocity are provided.
CSI enhancement for MTRP
[bookmark: _Hlk61273453][bookmark: _Hlk61271038]In previous meetings, as shown in Figure 1, two configuration methods with one reporting setting for NCJT, i.e., Cat1, and multiple reporting settings for NCJT, i.e., Cat2, were proposed to enhance CSI feedback for MTRP transmission. A single reporting setting for NCJT has been agreed for S-DCI based MTRP transmission and multiple reporting settings for NCJT has been agreed as a working assumption for M-DCI based MTRP transmission.


[bookmark: _Ref61896615][bookmark: _Hlk60652082]Two configuration methods for MTRP transmission
In this paper, we will focus on the remaining issues of RAN1#107-e, further clarifications.
Remaining issues of CSI enhancements for MTRP
[bookmark: _Hlk75955038]CSI measurement enhancement and CSI framework for MTRP
Following agreements were reached on this issue in the previous meeting.
	Agreement
For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting:
· Two CBSRs can be configured per CodebookConfig, whereas one CBSR is applied to one CMR group in a CMR resource set respectively, i.e. per TRP.
Agreement
For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, the UE can be configured with pmi-FormatIndicator=widebandPMI and cqi-FormatIndicator=widebandCQI only for Mode 1 with X=0




For CSI measurement enhancement and CSI framework, we have many agreements except for the default maximum number of CMR. It is agreed that a UE is configured with N CMR pairs from two CMR groups in a CMR set to calculate the NCJT hypothesis, and CMRs in each CMR group can be used for both NCJT and STRP measurement hypotheses at least for FR1. Besides, we also reach some consensuses in the number of CMR pairs and the configuration method for NCJT CMR pair(s) and STRP CMR(s).
For the configuration method for NCJT CMR pair(s) and STRP CMR(s), it was agreed in RAN1#106-e that RRC signaling is used to enable/disable STRP measurement hypothesis using CMRs configured within NCJT CMR pairs, implying that the default maximum number of CMRs will be influenced by the CMR sharing’s state. Besides, the reporting mechanisms, i.e., Mode 1 (Option 1) with X=0, 1, 2 and Mode 2 (Option 2), also affect the default maximum number of CMRs. The minimum requirements of the CMR quantities configured in the CMR set for the reporting mechanisms are summarized in the following table.
[bookmark: _Ref79139899][bookmark: _Ref76635428]The minimum requirement on the number of configured CMRs for reporting mechanisms
	[bookmark: OLE_LINK7]Reporting mechanism
	CMR sharing enabled
	CMR sharing disabled

	Mode 1 with X=0
	-
	2 CMRs

	Mode 1 with X=1 (optional feature)
	2 CMRs
	3 CMRs

	Mode 1 with X=2 (optional feature)
	2 CMRs
	4 CMRs

	Mode 2
	2 CMRs
	3 CMRs



[bookmark: _GoBack]From Table 1, two CMRs are needed for most reporting mechanisms when CMR sharing is enabled. Therefore, we prefer value 2 as the default maximum number of CMR for MTRP CSI measurement.
[bookmark: _Ref79174017]
[bookmark: _Hlk76028491][bookmark: _Ref67922646][bookmark: _Ref67923896]The default maximum number of CMR is 2 with Rel-17 MIMO UE capability for MTRP CSI measurement.
Miscellaneous
Alignment on CMR configuration
[bookmark: _Hlk70685039]Following agreements were reached in the previous meeting. 
	Agreement
For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT, the UE can be configured with Ks ≥ 2 NZP CSI-RS resources in a CSI-RS resource set for CMR and N ≥ 1 NZP CSI-RS resource pairs whereas each pair is used for a NCJT measurement hypothesis 
· Configure UE with two CMR groups with Ks=K1+K2 CMRs. CMR pairs are determined from two CMR groups by following method(s). 
· K1 and K2 are the number of CMRs in two groups respectively. FFS K1=K2 or different K1/K2.
· Note that CMRs in each CMR group can be used for both NCJT and Single-TRP measurement hypotheses
· N CMR pairs are higher-layer configured by selecting from all possible pairs
· signalling mechanism can be discussed further, e.g. using a bitmap
· FFS: Whether MAC-CE or RRC+MAC CE indication is needed
· FFS: how to support NCJT measurement hypotheses in FR2
· Support N=1 and Ks =2, FFS other maximal values of N>1 and Ks>2  
· Note: for CPU/resource/port occupation, NCJT hypothesis is considered separately from single TRP hypothesis
Agreement
For the UE configured to report X CSIs associated with single-TRP measurement hypotheses and one CSI associated with NCJT measurement hypothesis (i.e. Option 1), the bitwidth associated to X+1 CRI(s) are given as following:
· Ceil(log2(N)) for X=0
· Ceil(log2(N)) in CSI associated with NCJT measurement hypothesis and Ceil(log2(M1+M2)) in CSI associated with Single-TRP measurement hypothesis for X=1
· Ceil(log2(N))  in CSI associated with NCJT measurement hypothesis and Ceil(log2(M1))  and  Ceil(log2(M2)) in CSI associated with Single-TRP measurement hypothesis for X=2
· Note that M1 (M1<=K1) and M2 (M2<=K2) is the number of CMRs configured for Single-TRP measurement hypothesis in the first and second CMR groups respectively in a CMR measurement set.
Agreement
For the UE be configured to report one CSI associated with the best one among NCJT and single-TRP measurement hypotheses (i.e. Option 2),
· Alt 1: the first M1+M2 codepoints of CRI corresponds to M1+M2 CMRs for Single-TRP measurement hypothesis and the second N codepoints corresponds to N CMR pairs for NC-JT measurement hypothesis.
· Note that M1 (M1<=K1) and M2 (M2<=K2) is the number of CMRs configured for Single-TRP measurement hypothesis in the first and second CMR groups respectively in a CMR measurement set. 


According to the above agreements, we have some definitions such as 
M1 (M1≤K1) and M2 (M2≤K2) are the number of CMRs configured for Single-TRP measurement hypothesis in the first and second CMR groups respectively in a CMR measurement set.
K1 and K2 are the number of CMRs in two groups respectively.
N≥1 is the number of NZP CSI-RS resource pairs whereas each pair is used for a NCJT measurement hypothesis.
For the UE configured to report one CSI associated with NCJT measurement hypothesis, i.e. Mode1 with X=0, without CMR sharing, M1 = M2 = 0 is derived according to following text in TS 38.214 [2] and there is no relationship between the M1/M2 and K1/ K2. It seems such CMR configuration is allowed that K1 > N = 1 and K2 > N = 1 when Option 1 with X = 0 is configured. 
	If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-RI-PMI-CQI', or 'cri-RI-LI-PMI-CQI' and the corresponding NZP-CSI-RS-ResourceSet for channel measurement is configured with  resources, two Resource Groups with  resources in Group 1,  resources in Group 2, , and  Resource Pairs:
-	each resource can contain, subject to UE capability, at most 32 CSI-RS ports.
-	each of the  Resource Pairs is associated to a CRI value.
-	The CSI-ReportConfig may be configured with higher layer parameter sharedCMR.  and  are the numbers of resources associated to a CRI value, other than the N CRIs defined above, in Group 1 and Group 2, respectively, with , such that the total number of CRI values configured for the CSI-ReportConfig is .
-	If the higher layer parameter csi-ReportMode is set to 'Mode1' and the higher layer parameter numberOfSingleTRP-CSI-Mode1 is set to , ; otherwise,
-	if the higher layer parameter csi-ReportMode is set to 'Mode1' and the higher layer parameter numberOfSingleTRP-CSI-Mode1 is set to , or if csi-ReportMode is set to 'Mode2',
-	if sharedCMR is configured:  and ; otherwise 
-	if sharedCMR is not configured, only the resources in Group 1 and Group 2 that are not referred to in any Resource Pair are associated to M CRI values other than the N CRIs defined above.



However, in TS 38.212 [3], the following definition is given
	The value of N in Table 6.3.1.1.2-3A and Table 6.3.1.1.2-3B is the number of CSI-RS resource pairs configured within a CSI-RS resource set. The values of M1 and M2 in Table 6.3.1.1.2-3A and Table 6.3.1.1.2-3B are given by 
-	If sharedCMR = "Enabled", M1 = K1 and M2 = K2
-	If sharedCMR is absent and N = 1, M1 = K1 - 1 and M2 = K2 – 1
-	If sharedCMR is absent and N = 2, 
-	M1 = K1 - 2 and M2 = K2 – 2, if the two resource pairs do not share any CSI-RS resource
-	M1 = K1 - 1 and M2 = K2 – 2, if the two resource pairs share the same CSI-RS resource from the first CSI-RS resource group
-	M1 = K1 - 2 and M2 = K2 – 1, if the two resource pairs share the same CSI-RS resource from the second CSI-RS resource group



From the description in TS 38.212, it is obvious that M1 and M2 depend on K1 and K2. If M1 = M2 = 0, K1 = K2 = 1 can be derived for the UE configured to report one CSI associated with NCJT measurement hypothesis without CMR sharing.
Therefore, we believe that whether there is any relationship between M1/M2 and K1/ K2 for the UE configured to report one CSI associated with NCJT measurement hypothesis without CMR sharing needs to be clarified.
[bookmark: _Ref95759105]
The relationship between M1/M2 and K1/ K2 needs to be clarified. E.g., if M1 = M2 = 0, the K1 = K2 = 1 needs to be clarified when the UE is configured to report one CSI associated with NCJT measurement hypothesis and do not share CMR.
In our opinion, the descriptions of TS 38.212 seem more reasonable due to relationship between M1/M2 and K1/ K2. Therefore, we have following text proposal.
[bookmark: _Ref95730516]
Adopt following text proposal in 5.1.4.2 in TS 38.214.
	------------------------------------------Start of Text Proposal ----------------------------------
5.1.4.2	Report Quantity Configurations
< Unchanged parts are omitted >
If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-RI-PMI-CQI', or 'cri-RI-LI-PMI-CQI' and the corresponding NZP-CSI-RS-ResourceSet for channel measurement is configured with  resources, two Resource Groups with  resources in Group 1,  resources in Group 2, , and  Resource Pairs:
-	each resource can contain, subject to UE capability, at most 32 CSI-RS ports.
-	each of the  Resource Pairs is associated to a CRI value.
-	The CSI-ReportConfig may be configured with higher layer parameter sharedCMR.  and  are the numbers of resources associated to a CRI value, other than the N CRIs defined above, in Group 1 and Group 2, respectively, with , such that the total number of CRI values configured for the CSI-ReportConfig is .
-	If the higher layer parameter csi-ReportMode is set to 'Mode1' and the higher layer parameter numberOfSingleTRP-CSI-Mode1 is set to , ; otherwise,
-     if N = 1,   and  ,
-     if N = 2,
-     and , if the two resource pairs do not share any CSI-RS resource
-     and , if the two resource pairs share the same CSI-RS resource from the first CSI-RS resource group
-     and , if the two resource pairs share the same CSI-RS resource from the second CSI-RS resource group
-	if the higher layer parameter csi-ReportMode is set to 'Mode1' and the higher layer parameter numberOfSingleTRP-CSI-Mode1 is set to , or if csi-ReportMode is set to 'Mode2',
-	if sharedCMR is configured:  and ; otherwise 
-	if sharedCMR is not configured, only the resources in Group 1 and Group 2 that are not referred to in any Resource Pair are associated to M CRI values other than the N CRIs defined above.
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ------------------------------------



CBSR configuration details
[bookmark: _Ref87023917]Another issue needs to be clarified is about CBSR configuration. Based on the agreement in RAN1#107-e, two TRP-specific CBSRs can be configured in CodebookConfig. However, some detailed descriptions are not given. 
In current TS 38.331 [4], two CBSRs are available specific to two antenna ports and to more than two antenna ports. In our understanding, TRP-specific CBSRs are applied for both 2Tx and more than 2Tx cases. Besides, the number of configured CBSRs only depends on the number of TRPs or CMR groups, i.e. it equals to 2 in the newly introduced CodebookConfig, regardless of whether STRP CSI measurement is configured in the MTRP CSI report configuration.
[bookmark: _Ref95730553]
For the measurement of a MTRP CSI report, the CBSR parameters are also applied for both 2Tx and more than 2Tx. Besides, the number of configured CBSRs should be 2 in the new CodebookConfig.
CSI enhancement for Partial Reciprocity
Combinatorial number report
In previous meetings, it was agreed that the selected result of W1 is reported by combinatorial coefficients. In Rel-15 and Rel-16, combinatorial coefficients for beam selection are calculated as

where L is the number of selected beams which are always less than half of N candidate beams. However, in Rel-17, the agreed parameter combinations include alpha = 3/4 and 1 meaning that the number of selected beams can be 3/4 or 1 times of the number of candidate beams, such that the combinatorial coefficients table needs to be extended, as given in Table 2, to support more combinatorial coefficients if following the Rel-15/Rel-16 approach straightforwardly.
[bookmark: _Ref83821497]The extended total combinatorial coefficients table
	y
x
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	2
	2
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	3
	3
	3
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	4
	4
	6
	4
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	5
	5
	10
	10
	5
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	6
	6
	15
	20
	15
	6
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0

	7
	7
	21
	35
	35
	21
	7
	1
	0
	0
	0
	0
	0
	0
	0
	0

	8
	8
	28
	56
	70
	56
	28
	8
	1
	0
	0
	0
	0
	0
	0
	0

	9
	9
	36
	84
	126
	126
	84
	36
	9
	1
	0
	0
	0
	0
	0
	0

	10
	10
	45
	120
	210
	252
	210
	120
	45
	10
	1
	0
	0
	0
	0
	0

	11
	11
	55
	165
	330
	462
	462
	330
	165
	55
	11
	1
	0
	0
	0
	0

	12
	12
	66
	220
	495
	792
	924
	792
	495
	220
	66
	12
	1
	0
	0
	0

	13
	13
	78
	286
	715
	1287
	1716
	1716
	1287
	715
	286
	78
	13
	1
	0
	0

	14
	14
	91
	364
	1001
	2002
	3003
	3432
	3003
	2002
	1001
	364
	91
	14
	1
	0

	15
	15
	105
	455
	1365
	3003
	5005
	6435
	6435
	5005
	3003
	1365
	455
	105
	15
	1



However, the required memory for the straightforwardly extended table increases with many identical elements. Also, with increasing L, the computation complexity of combinatorial coefficients increases. For example, when the number of CSI-RS ports is 32 and K1 is 24,  with 12 iterations are required to calculate the combinatorial coefficient. Thus, the computation complexity is proportional to the iteration number, each of the iterations is a table looking-up operation. When the number of selected ports is larger than half of the number of candidate ports, as an opposite way, the combinatorial coefficients of non-selected ports can be reported to derive the selected ports, resulting in less calculation complexity than that of selected ports to be reported, given that both gNB and UE know the number of reported ports K1 and the number of candidate ports, i.e., N CSI-RS ports. In this way the computation iteration number will never be more than N/2 for any cases. Meanwhile the combinatorial coefficients table can be shortened as Table 3 or just reuse part of Table 5.2.2.2.4-4 in TR 38.214.
[bookmark: _Ref83822930]The shortened combinatorial coefficients table
	y  x
	1
	2
	3
	4
	5
	6
	7

	0
	0
	0
	0
	0
	0
	0
	0

	1
	1
	0
	0
	0
	0
	0
	0

	2
	2
	1
	0
	0
	0
	0
	0

	3
	3
	3
	1
	0
	0
	0
	0

	4
	4
	6
	4
	1
	0
	0
	0

	5
	5
	10
	10
	5
	1
	0
	0

	6
	6
	15
	20
	15
	6
	1
	0

	7
	7
	21
	35
	35
	21
	7
	1

	8
	8
	28
	56
	70
	56
	28
	8

	9
	9
	36
	84
	126
	126
	84
	36

	10
	10
	45
	120
	210
	252
	210
	120

	11
	11
	55
	165
	330
	462
	462
	330

	12
	12
	66
	220
	495
	792
	924
	792

	13
	13
	78
	286
	715
	1287
	1716
	1716

	14
	14
	91
	364
	1001
	2002
	3003
	3432

	15
	15
	105
	455
	1365
	3003
	5005
	6435



Also take the example of 32 CSI-RS ports and K1 set to 24, it means UE needs to report 12 selected beams out of 16 candidate beams. If UE calculates the combinatorial coefficients , it needs to do 12 iterations. By the approach of reporting non-selected beams, there are only 4 non-selected beams and thus only 4 iterations are enough for the combinatorial coefficients . Also, it only needs to look up at most 4 columns in Table 3, while the combinatorial coefficients  needs to look up at most 12 columns in Table 2.
From the perspective of gNB’s combinatorial coefficient decoding, it is obvious that the computation complexity can also be reduced accordingly by decoding from the combinatorial coefficients of non-selected beams when the number of selected beams is larger than half of the number of candidate beams.
[bookmark: _Ref83909573]
UE reports the combinatorial coefficients of non-selected beams when the number of selected beams is larger than half of the number of candidate beams, e.g., when alpha = 3/4.

Timing calibration and complexity
As we discussed in [5], there are some timing issues for UE for FDD CSI enhancement in Rel-17. There may be a timing offset between uplink channel and downlink channel even if the delay is reciprocal. Following reasons could cause timing offset:
Usually, when the UE processes timing calibration to synchronize with gNB, UE only adjusts to the reception timing to make the delay interval less than CP length. But the delay location in the uplink channel observed by gNB and the downlink channel observed by UE may be different. For FDD CSI enhancement, gNB and UE need to be aligned on the exact delay tap UE needs to estimate and feedback the amplitudes and phases, e.g. on Tap 0;
To ensure all paths can be received successfully, the UE may start receiving a few samples before the regular start point of an OFDM symbol. The UE reception timing is unknown to the gNB, thus UE would need to estimate which tap is the intended Tap 0 from gNB, e.g. tap 0 based on the tap with the strongest power.
[image: ]
Illustration of timing mismatch
This timing mismatch does not influence Rel-15/16 Type II (PS) codebook performance. On the one hand, the timing offset is the same for all paths, thus such delay only adds a subband specific phase offset and does not change the PMI feedback and also does not influence the frequency selectivity. On the other hand, both CSI measurement and PDSCH reception are based on the same timing offset making little difference in the sense of downlink channel timing between them. Therefore, the Rel-15/16 codebook is not sensitive to timing mismatch.
However, for Rel-17 Type II PS codebook, the influence of timing mismatch is severe. Different delay locations of each path in uplink channel and downlink channel will lead to mismatch between the FD information gNB uses to precode CSI-RS ports and the real downlink channel, which violates the assumption of delay reciprocity. As shown in Figure 3, the timing mismatch between gNB and UE is 1 which means the delay tap 0 for gNB being delay tap -1 for UE. For each CSI-RS port, gNB shifts each SD-FD basis or SD basis to delay tap 0 respectively but UE detects nothing on tap 0. While for CSI-RS port 1, there are two paths besides delay tap 0, so UE cannot search for the strongest path to find the correct delay location of the CSI-RS port.


[bookmark: _Ref71657503] The influence of timing mismatch
Therefore, the timing mismatch can cause the wrong coefficients to report, even zero. The simulation results are shown Figure 4. SD and FD precoding applied on CSI-RS ports which is derived with SVD method and the total number of SD-FD pairs are 32. According to the simulation results, the influence of timing mismatch is severe, which can destroy the delay reciprocity which causes significant loss in performance.

[bookmark: _Ref71657527] The performance loss under timing mismatch
To solve this problem, UE can process timing calibration to counteract the timing mismatch. Usually, UE may process timing calibration on all CSI-RS ports, which means, on each CSI-RS port, an FFT should be calculated, which surely causes a lot of UE complexity. The reason why more than one CSI-RS ports are needed for timing calibration lies in two aspects: 1) tap 0 must be searched from multiple CSI-RS ports as the strongest delay locations per CSI-RS port  are different caused delay shifting by precoding on CSI-RS ports; 2) different variations of tap 0 per CSI-RS port due to uplink and downlink channel partial reciprocity need to be averaged out from multiple CSI-RS ports.
In fact, UE only needs to process timing calibration on very few CSI-RS ports because the timing mismatch is the same on each CSI-RS port and only a few strongest CSI-RS ports are sufficient to locate the delay tap 0 or some specific tap. The simulation results about different numbers of CSI-RS ports used to process timing calibration compared to all CSI-RS ports are shown in Figure 5. The number of CSI-RS ports is 32 and the length of tap indication set is one. In the simulation, gNB maps the SD-FD pairs from the strongest to the weakest to CSI-RS ports in order. L CSI-RS ports conveying strongest SD-FD pairs are used for timing calibration.

[bookmark: _Ref71649545]The performance loss with different detecting ports number
According to the simulation results, the performance loss with more than 4 or 6 strongest CSI-RS ports is similar to all 32 ports. In most cases, 4 CSI-RS ports are enough to counteract the influence of timing interference. That is, with fewer CSI-RS ports to calibrate the timing mismatch, the performance improvement is close to using all ports.
[bookmark: _Ref71654035]
With 4 or 6 strongest CSI-RS ports (observed and mapped at gNB side) for timing calibration between gNB and UE, the system performance is similar to that of using 32 ports for timing calibration.
[bookmark: _Ref71654250]
UE can use partial CSI-RS ports to search target tap 0 to reduce the complexity.
· gNB can map SD-FD bases to CSI-RS ports with a predetermined order or indicating the ports for timing calibration.

Conclusions
To summarize, we have following observations and proposals.
Observation 1:
With 4 or 6 strongest CSI-RS ports (observed and mapped at gNB side) for timing calibration between gNB and UE, the system performance is similar to that of using 32 ports for timing calibration.
Proposal 1:
The default maximum number of CMR is 2 with Rel-17 MIMO UE capability for MTRP CSI measurement.
Proposal 2:
The relationship between M1/M2 and K1/ K2 needs to be clarified. E.g., if M1 = M2 = 0, the K1 = K2 = 1 needs to be clarified when the UE is configured to report one CSI associated with NCJT measurement hypothesis and do not share CMR.
Proposal 3:
Adopt following text proposal in 5.1.4.2 in TS 38.214.
	------------------------------------------Start of Text Proposal ----------------------------------
5.1.4.2	Report Quantity Configurations
< Unchanged parts are omitted >
If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-RI-PMI-CQI', or 'cri-RI-LI-PMI-CQI' and the corresponding NZP-CSI-RS-ResourceSet for channel measurement is configured with  resources, two Resource Groups with  resources in Group 1,  resources in Group 2, , and  Resource Pairs:
-	each resource can contain, subject to UE capability, at most 32 CSI-RS ports.
-	each of the  Resource Pairs is associated to a CRI value.
-	The CSI-ReportConfig may be configured with higher layer parameter sharedCMR.  and  are the numbers of resources associated to a CRI value, other than the N CRIs defined above, in Group 1 and Group 2, respectively, with , such that the total number of CRI values configured for the CSI-ReportConfig is .
-	If the higher layer parameter csi-ReportMode is set to 'Mode1' and the higher layer parameter numberOfSingleTRP-CSI-Mode1 is set to , ; otherwise,
-     if N = 1,   and  ,
-     if N = 2,
-     and , if the two resource pairs do not share any CSI-RS resource
-     and , if the two resource pairs share the same CSI-RS resource from the first CSI-RS resource group
-     and , if the two resource pairs share the same CSI-RS resource from the second CSI-RS resource group
-	if the higher layer parameter csi-ReportMode is set to 'Mode1' and the higher layer parameter numberOfSingleTRP-CSI-Mode1 is set to , or if csi-ReportMode is set to 'Mode2',
-	if sharedCMR is configured:  and ; otherwise 
-	if sharedCMR is not configured, only the resources in Group 1 and Group 2 that are not referred to in any Resource Pair are associated to M CRI values other than the N CRIs defined above.
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ------------------------------------


Proposal 4:
For the measurement of a MTRP CSI report, the CBSR parameters are also applied for both 2Tx and more than 2Tx. Besides, the number of configured CBSRs should be 2 in the new CodebookConfig.
Proposal 5:
UE reports the combinatorial coefficients of non-selected beams when the number of selected beams is larger than half of the number of candidate beams, e.g., when alpha = 3/4.
Proposal 6:
UE can use partial CSI-RS ports to search target tap 0 to reduce the complexity.
gNB can map SD-FD bases to CSI-RS ports with a predetermined order or indicating the ports for timing calibration.
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Appendix A: SLS simulation setup and assumptions
We conduct a performance evaluation for eMBB in FR1 4GHz carrier frequency with 10MHz BW and 15kHz SCS. MTRP transmission with non-ideal backhaul and ideal backhaul assumptions are evaluated such that independent scheduling is assumed in each TRP per cluster for non-ideal backhaul and joint scheduling is assumed per cluster for ideal backhaul. STRP (STRP) scheme is assumed as baseline. SU-MIMO is assumed for STRP, DPS, and DPS+NCJT cases. Detailed simulation assumptions can be found in Appendix C.
Scenario
In the Indoor Hotspot scenario, a TRP cluster comprises four neighboring TRPs as shown in Figure 6. Whereas in the Dense Urban scenario, a TRP cluster comprises three neighboring TRPs of a site. A UE measures the RSRP of all TRPs in the cluster, associates with a serving TRP in the cluster, and selects at most one candidate coordinating TRP in the same cluster, with the RSRP gap lower than a predefined threshold compared to the serving TRP.
[image: ]
[bookmark: _Ref68595684]TRP clustering for Indoor Hotspot
CSI calculation method
For DPS/STRP CSI, PMI and CQI are calculated as in Rel-16, where PMI is obtained by measurement over CSI-RS resource for channel measurement (CMR) of either TRP and CQI is derived from the CMR and CSI-RS resource for interference measurement (IMR).
For NCJT CSI, PMIs are obtained by measuring CMRs of each TRP. The joint equivalent MIMO channel assuming NCJT is given by , where ,  are estimated channels by the CMRs from the two TRPs, and ,  are the precoders corresponding to the PMIs of the two TRPs. Then the CQI can be derived from per layer post-SINRs which are calculated assuming MIMO detection of the equivalent channel  and interference measured by the IMR from outside other than the two TRPs.
CSI feedback schemes
STRP transmission
UE reports the CSI to its recommended transmitting TRP.
DPS transmission
For non-ideal backhaul, the UE compares the estimated throughput for two possible DPS transmitting TRPs within the cluster and reports the CSI with maximal estimated throughput to its recommended transmitting TRP.
For ideal backhaul, UE reports the corresponding DPS CSI to each possible DPS transmitting TRPs within the cluster.
NCJT+DPS transmission
For non-ideal backhaul, the feedback method is consistent with DPS. The difference is that UE needs to compare two possible DPS CSIs with one possible NCJT CSI and select the best CSI for feedback. If UE reports NCJT CSI, rank 1 or 2 is chosen per TRP to maximize the NCJT estimated overall throughput.
For ideal backhaul, UE reports the DPS CSI and NCJT CSI to each possible DPS transmission and NCJT TRP within the cluster.
Scheduling mechanisms
STRP transmission
UE selects a serving TRP based on RSRP, and the serving TRP schedules the UE connected to the TRP according to the proportional fair algorithm.
DPS transmission
For non-ideal backhaul, the scheduler per TRP in the cluster schedules one UE which has reported its DPS CSI to the TRP according to the proportional fair algorithm. With one optimal DPS CSI to report, non-overlapping PDSCH reception from different TRPs in the time domain is achieved.
For ideal backhaul, the scheduler per cluster schedules one UE which has reported all DPS CSIs to the TRPs within the cluster according to the proportional fair algorithm. With a coordinated scheduler, non-overlapping PDSCH reception from different TRPs in the time domain is achieved.
DPS+NCJT transmission
In the non-ideal backhaul scenario, each TRP in the cluster schedules one UE which has reported its CSI, either DPS CSI or NCJT CSI, independently according to the proportional fair algorithm. With a non-ideal backhaul assumption, the scheduler of a TRP is not aware of the scheduling results of another TRP at the same time, which may result in full or partially-overlapped PDSCHs reception at the UE. One codeword per TRP is transmitted to the UE when the scheduler is NCJT.
As a result, if two TRPs happen to schedule the same UE in one subband simultaneously, the transmission layers from two TRPs to the UE can be one out of (1, 1), (1, 2), (2, 1), and (2, 2) with total transmission layers being 2, 3, or 4 since 4 Rx antenna ports are assumed at the UE.
For ideal backhaul, the scheduler per cluster schedules one UE which has reported its all CSIs to the cluster according to the proportional fair algorithm. A UE will receive a PDSCH with its layers from different TRPs in the case of NCJT scheduling.
Receiver
In the case of STRP/DPS transmission, the estimated equivalent channel measured on DMRS at the receiver can be given by

where  is a channel from the target TRP, and  is the precoder of the target TRP. Then the per layer post-SINR can be calculated assuming MIMO detection of the equivalent channel .
[bookmark: _Hlk47759121]In the case of NCJT from two TRPs, the estimated joint equivalent channel measured on DMRS at the receiver can be given by

Where  , , and ,  are channels from the two TRPs, ,  are the precoders of the two TRPs. Then the per layer post-SINR can be calculated assuming MIMO detection of the joint equivalent channel .
It is worth noting that the above simulation assumptions are irrelevant to the frequency range. The main difference between FR2 and FR1 is beam based scheduling. For the MTRP CSI simulation for FR2, additional simulation assumptions are taken into account:
Each panel of the MPUE independently accesses the optimal TRP with the RSRP gap between multiple panels lower than a predefined threshold.
UE reports the corresponding CSIs based on the optimal beam.
The scheduler schedules the UEs under one optimal beam based on the proportional fairness algorithm.
The potential problem with the above assumption for FR2 is that the number of UEs who can be served with MTRP transmission is reduced and the resource utilization decreases compared to FR1.
Figure 7 shows the comparison of UE accessing multiple TRPs in FR1 and FR2. In Indoor Hotspot scenario, the total number of dropped UEs is 5000, and the RSRP threshold for determining MTRP transmission is 6dB. Other simulation assumptions can be found in Appendix C.

[bookmark: _Ref68595719]Comparison of UE accessing multiple TRPs in FR1 and FR2
In Indoor Hotspot scenario, the same RSRP threshold for determining MTRP transmission may cause large differences in the number of MTRP transmission UEs between FR1 and FR2.
Appendix B: SLS performance evaluation results
B.1 Cat1 and Cat2 for non-ideal backhaul
For M-DCI based MTRP transmission in non-ideal backhaul scenario, it is difficult to coordinate transmission among TRPs due to the large latency in backhaul. It is reasonable for different TRPs to independently schedule and determine transmission resources. From the simulation results shown below, M-DCI based NCJT transmission with NCJT CSI enhancement can bring obvious performance gains. Therefore, MTRP CSI enhancement for non-ideal backhaul scenarios is necessary.
The following tables show the UPT gain of three schemes compared to the baseline of STRP transmission.
· Scheme1 (DPS): UE selects the DPS CSI and reports it to the selected TRP.
· Scheme2 (two STRP CSIs report to both TRPs): UE reports two STRP CSI reports to both TRPs. When NCJT is scheduled (full or partial overlap), the two STRP CSI reports are used.
· Scheme3 (DPS+ NCJT): UE selects the NCJT CSI report and reports it to both TRPs, or UE selects the DPS CSI report and reports it to the selected TRP.
For the MTRP transmission in non-ideal backhaul scenario, as described in Appendix A, each TRP is independently scheduling without CSI exchange between TRPs. Other simulation parameters can be found in Appendix C. We provide UPT comparison for FTP model 1 with RU for baseline STRP set to 16% and 38% for FR1 Indoor Hotspot and 14% and 25% for Dense Urban. UE only report the best CSI. We set the same packet arrival rate (λ) for DPS and DPS+NCJT as for STRP. Considerable UPT gain can be observed at 5% and 50% UPT, and mean UPT as well.
DPS and DPS+NCJT vs. STRP for Indoor Hotspot with non-ideal backhaul
	
	FR1, RU for STRP
	Mean UPT
	5% UPT
	50% UPT

	STRP
	16%/38%
	0.00%
	0.00%
	0.00%

	Scheme1
	16%
	12.01%
	30.10%
	15.38%

	Scheme2
	
	41.53%
	27.61%
	25.00%

	Scheme3
	
	48.18%
	39.26%
	33.92%

	Scheme1
	38%
	25.10%
	34.89%
	33.60%

	Scheme2
	
	28.26%
	34.40%
	21.87%

	Scheme3
	
	46.26%
	55.30%
	43.80%



DPS and DPS+NCJT vs. STRP for Dense Urban with non-ideal backhaul 
	
	FR1, RU for STRP
	Mean UPT
	5% UPT
	50% UPT

	STRP
	14%/25%
	0.00%
	0.00%
	0.00%

	Scheme1
	14%
	1.41%
	8.50%
	0.00%

	Scheme2
	
	9.20%
	3.10%
	1.96%

	Scheme3
	
	15.38%
	16.08%
	10.64%

	Scheme1
	25%
	2.21%
	7.39%
	2.95%

	Scheme2
	
	4.23%
	2.57%
	0.00%

	Scheme3
	
	9.33%
	15.98%
	4.22%



From the above tables, we observe that
Scheme2 and Scheme3 have obvious performance gain compared to Scheme1.
Scheme3 has an obvious performance gain compared the Scheme2.
The reason for Scheme3 has some UPT gains compared with Scheme2 is contain two aspects:
MCS mismatch may often happen in Scheme2, resulting in performance degradation.
Even if TRPs schedule independently, NCJT transmission to some UEs happens, especially when the RU is lower.
The reason for the mean UPT gain of Scheme2 and Scheme3 compared with Scheme1 is that up to 4 transmission layers from two TRPs can be scheduled in NCJT while transmission layers are restricted to 1 or 2 for DPS.
For MTRP CSI enhancement Cat1, UE reports the CSI to one of the two TRPs. This would entail frequent coordination between different TRPs and thus inappropriate for practical deployment. A possible solution might be configuring two Cat1 CSI reporting settings, each one fed back to a TRP. But this is a waste of both UE computation power and reporting resources.
Cat2 is more suitable for non-ideal backhaul since UE reports the relevant CSI part to the corresponding TRPs based on legacy CSI reporting setting configuration. With minimum specification effort, MTRPMTRP transmission and reception could obtain considerable gains as shown above.
Appendix C: Simulation parameters
SLS assumption for MTRP enhancement
	Parameters
	Value

	
	FR1
	FR2

	Duplex, Waveform
	FDD, OFDM

	Multiple access
	OFDMA

	Scenario
	Indoor hotspot (InH), Dense Urban(Macro Only)
	Indoor hotspot (InH)

	Frequency Range
	4GHz
	30GHz

	Inter-BS distance
	20m for InH, 200m for Dense Urban

	Channel model
	According to the TR 38.901

	Antenna setup and port layouts at TRP
	InH: 2 Tx ports: (M, N, P, Mg, Ng) = (1,1,2,1,1)

Dense Urban: 4 ports: (M, N, P, Mg, Ng, Mp, Np) = (8,2,2,1,1,1,2)
(dH, dV) = (0.5, 0.8)λ
	InH: 2 Tx ports: (M, N, P, Mg, Ng) = (4,4,2,1,1)

	Antenna setup and port layouts at UE
	4Rx Port: (M, N, P, Mg, Ng, Mp,Np) = (1,2,2,1,1,1,2)
(dH,dV) = (0.5, 0.5)λ

	BS Tx power 
	23dBm for InH, 43dBm for Dense Urban

	UE antenna height & gain
	Follow TR36.873

	UE receiver noise figure
	9dB

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	15kHz 
	120kHz

	Number of RBs
	52

	Simulation bandwidth 
	10 MHz
	80 MHz

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

	Configuration for MTRP
	Cluster
	4 neighboring TRPs for InH, 3 neighboring TRPs Dense Urban(Macro Only)

	
	Maximal number of coordinating TRPs
	2

	
	Backhaul assumption
	Ideal and non-ideal

	CSI feedback 
	Feedback assumption
· CSI feedback periodicity:  5 ms
· Scheduling delay (from CSI feedback to time to apply in scheduling):  4 ms
· Subband PMI, subband CQI
· Rank 1 or rank 2 per TRP

	Traffic model
	FTP model 1

	UE receiver
	MMSE-IRC

	Channel estimation
	Ideal



SLS assumption for CSI enhancement based on FDD reciprocity
	Parameter
	Value

	Duplex, Waveform 
	FDD, OFDM 

	Multiple access 
	OFDMA 

	Scenario
	Urban Macro

	Frequency Range
	FR1 only, 2GHz for uplink and 2.2GHz for downlink

	Inter-BS distance
	200m 

	Channel model
	Opt. 1: The reciprocity model of DL/UL channel is based on Section 5.3 of TR 36.897 

	Antenna setup and port layouts at gNB
	 (8,8,2,1,1,2,4), (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 for rank > 2
2RX: (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ for (rank 1,2) 

	BS Tx power
	41 dBm for 10MHz, 44dBm for 20MHz, 47dBm for 40MHz

	BS antenna height 
	25m 

	UE antenna height & gain
	Follow TR36.873 

	UE receiver noise figure
	9dB

	Modulation 
	Up to 256QAM 

	Coding on PDSCH 
	LDPC
Max code-block size=8448bit 

	Numerology
	14 OFDM symbol slot
SCS 15KHz

	Simulation bandwidth 

	20 MHz for 15kHz as a baseline
10 MHz for 15KHz as contract

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

	MIMO scheme
	SU/MU-MIMO with rank adaptation is assumed 

	Rank candidate
	Rank 1 as a starting point

	MIMO layers
	The maximum MU layers 8

	CSI feedback 
	Feedback assumption at least for baseline scheme
· CSI feedback periodicity (full CSI feedback) :  5 ms, 
· Scheduling delay (from CSI feedback to time to apply in scheduling) :  4 ms

	Overhead 
	Companies shall provide the downlink overhead assumption

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

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

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

	UE receiver
	MMSE-IRC as the baseline receiver

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	Evaluation Metric
	Throughput and CSI feedback overhead as baseline metrics. 

	Baseline for performance evaluation
	Rel-16 PS eTypeII Codebook with CSI-RS beamforming based on the angle information from SRS according to partial reciprocity.

	SRS modeling for UL channel estimation
	SRS periodicity with 5ms
SRS error modeling in Table A.1-2 in 36.897. 
· Use coupling loss instead of path loss.
· Delta = 9dB
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