3GPP TSG RAN WG1 #107-e	                                         	      R1-2111859
[bookmark: _GoBack]e-Meeting, November 11th – 19th, 2021
Agenda Item:	8.1.4
Source:	Apple Inc.
Title:	Views on Rel-17 CSI enhancement
Document for:	Discussion/Decision
Introduction
In RAN#86 meeting, Rel-17 FeMIMO WI was approved in RP-193133 [1]. Four main areas haven been identified for the Rel-17 FeMIMO, namely
1. Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1
2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2
3. Enhancement on SRS, targeting both FR1 and FR2
4. Enhancement on CSI measurement and reporting

Regarding CSI measurement and reporting enhancement, the following objectives are approved as part of Rel-17 FeMIMO [1]
	4. Enhancement on CSI measurement and reporting:
a. Evaluate and, if needed, specify CSI reporting for DL multi-TRP and/or multi-panel transmission to enable more dynamic channel/interference hypotheses for NCJT, targeting both FR1 and FR2
b. Evaluate and, if needed, specify Type II port selection codebook enhancement (based on Rel.15/16 Type II port selection) where information related to angle(s) and delay(s) are estimated at the gNB based on SRS by utilizing DL/UL reciprocity of angle and delay, and the remaining DL CSI is reported by the UE, mainly targeting FDD FR1 to achieve better trade-off among UE complexity, performance and reporting overhead



In the last RAN1 meeting RAN1#106bis e-meeting, the following agreement is reached [2]
	Agreement
For Rel-17 PS codebook for rank 3 and 4, support layer-common port selection

Agreement
For Rel-17 PS codebook rank 3-4, support layer-specific non-zero coefficient selection (bitmap) of W2.

Agreement
To mitigate CSI overhead of Rel-17 PS codebook rank 3~4, the value of beta for rank 3 and 4 is the same with that for rank 1 and 2
· Limit the maximum number of non-zero coefficients across all layers to 2K1*Mv*beta and per layer to K1*Mv*beta

Agreement
For Rel-17 PS codebook rank 1~2 PMI, the bitmap(s) of indicating non-zero coefficients for corresponding layer(s) is absent if reported KNZ=K1*M*rank
· Where KNZ is the number of non-zero coefficients reported by UE 

Agreement
For Rel-17 PS codebook for rank 3/4 and M> 1, 
· Support M=2, which is rank-common
· When N >= M, Wf is layer-common and reported by UE for N>M
· Note: Wf is layer-common for N=M

Agreement 
In addition to N=2, N=4 is supported when M=2 for rank 1/2
· For rank 3/4, when M=2, N = 2 or 4 is supported and same with the value of N configured for rank 1/2
· FFS how to handle N3=3 case

Agreement 
For Rel-17 PS codebook, support R=2 when M=2
· Note that this R is optional, whereas how to support R=2 in Rel-17 UE capability signalling is FFS, e.g. similar with Rel-16 eType II codebook. 

Agreement 
If M=2 and N>M, the non-zero offset between the lower and higher FD indices of Wf is reported by using ceiling(log2(N-1)) bits, assuming that the lower FD index (reference for the offset) of Wf is 0.
· Note: The phase shift/remapping of FD basis is up to UE implementation which may remap M FD components so that the lower FD index of Wf is assumed to be 0.

Agreement
For Rel-17 PS codebook, support RI restriction which is the same with Rel-16 PS codebook, i.e., 4 bits are used to indicate the applicable ranks separately.

Conclusion
For Rel-17 PS codebook, CBSR to restrict port and corresponding amplitude is not needed 

Agreement
For UCI part II of Rel-17 PS codebook, study the following alternatives and down-select one or more alternatives in RAN1 107
· Alt 1: Report Port indicator, SCI, and FD indicator in Group 0
· Alt 2: Report bitmap in Group 0 or Group 1 without bitmap partition
· Alt 3: Three groups of UCI Part 2 for Rel-16 PS codebook is reused for Rel-17 PS codebook enhancement except that the starting position of the FD basis window is not needed
Note that other solutions of UCI part II design are not excluded. 

Agreement 
With regarding to parameter combinations, following 8 parameter combinations are supported in Rel-17 PS codebook:
	M
	Alpha
	Beta

	1
	1
	1

	1
	1
	3/4

	1
	1
	1/2

	1
	3/4
	1/2

	2
	1
	3/4

	2
	1
	1/2

	2
	3/4
	1/2

	2
	1/2
	1/2


FFS: whether further restrictions/dependences for given parameter combination(s) are needed 

Agreement 
For the priority of mapping coefficients for Rel17 PS codebook, study the following alternatives and down-select one or more alternatives in RAN1#107-e:
· Alt 1: Support mapping coefficients firstly across port indices, secondly across FD basis indices, and thirdly across layers, i.e. priority value is given by the priority value 
· Alt 2: Support mapping coefficients firstly across layers, secondly across port indices, and thirdly across FD basis indices, i.e., the priority value is given by 
· Alt 3: Support mapping coefficients firstly across layers, secondly across port indices, and thirdly across FD basis indices, i.e., the priority value is given by 
· FFS port permutation function 
Note that other solutions are not excluded. 

Agreement 
For Rel-17 PS codebook, 
· pmi-FormatIndicator is not needed for Rel-17 PS codebook
· A CSI Reporting Setting is said to have a wideband frequency-granularity if "codebookType" is set to "typeII-PortSelection-r17" with M=1 and cqiFormat = WB. 
· To be captured in 5.2.1.4 of 38.214
· A unified codebook formula is used for M=1 and M=2 in 38.214

Agreement
For CSI measurement associated with a CSI-ReportConfig for NCJT,
· Alt 1: It is expected by a UE that two CMRs within the same CMR pair configured for NCJT measurement hypothesis are within the same CDRX active time.

Agreement
For a NCJT measurement hypothesis, the powerControlOffset (“Pc”) ratio associated with a CMR within a CMR pair configured for the NCJT measurement hypothesis, is defined as 10log10(P_PDSCH/P_CSIRS)  dB
where
· P_PDSCH is the energy of PDSCH ports, which is associated with the CMR, multiplexed on one subcarrier of one OFDM symbol
· P_CSIRS is the energy of all CSI-RS ports of the CMR multiplexed on one subcarrier of one OFDM symbol
Note that whether/how to above agreement is up to the editor. 

Agreement
For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting 
· Alt 4: Two RI restrictions can be configured per CodebookConfig, whereas one RI restriction is applied to all Single-TRP measurement hypotheses, and another one is applied to all NCJT measurement hypotheses. 
· If rank restriction of (X, Y) is configured, reported rank is X for all single-TRP measurement hypotheses and reported rank (1 out of 4 possible rank combinations) is Y for all NCJT measurement hypotheses.
· FFS: Whether there can be multiple candidate values of X and Y

Agreement
For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting
· Alt 1: CBSR is supported and can be applied for both single-TRP and Multi-TRP measurement hypotheses.
· FFS detailed CBSR signalling configured for Multi-TRP

Agreement 
For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, down-select one alternative from the following in RAN1 107: 
· Alt 1: One CBSR can be configured per CodebookConfig, whereas CBSR is applied to all CMRs regardless measurement hypotheses or CMR groups.
· Alt 2: 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 CSI measurement associated with a CSI-ReportingConfig for NCJT, support two CMRs within the same CMR pair configured for NCJT measurement hypothesis to be restricted within X continuous slot(s) without DL/UL switch between two CMRs
· X=1, 2
· whereas X=1 implying the same slot and X=2 implying two adjacent slots
· FFS other restrictions for FR2
· FFS whether UE capability is needed for X=2

Conclusion
· “N CMR pairs” and “Two CMR groups” are configured in NZP-CSI-RS-ResourceSet
· “sharedCMR” is configured in CSI-ReportConfig 




In this contribution, we provide our views on the Rel-17 FeMIMO CSI enhancement in the following areas 
· CSI measurement and reporting enhancement for MTRP 
· Type II port selection codebook enhancement utilizing partial DL/UL channel reciprocity
CSI enhancement for MTRP
Rel-15/16 CSI measurement and reporting adopts the design framework of CMR and IMR, in which CMR is configured for channel measurement, and IMR is configurated for interference measurement. In terms of IMR, there are two types of IMR, i.e., NZP-IMR (a.k.a. NZP-CSI-RS) and ZP-IMR (a.k.a. CSI-IM).
For CSI enhancement for MTRP, the main focus is on the NJCT (Non-Coherent Joint Transmission) scheme, in which, the PDSCH transmitted from two TRP can overlap in frequency. For example, Multi-DCI based Multi-TRP operation and Single-DCI based Multi-TRP operation with SDM mode can be used to schedule explicit NCJT operation to the UE. 
Rel-16 solution focused on the PDSCH scheduling enhancement, by introducing 6 different modes, 1 for Multi-DCI based Multi-TRP and 5 for Single-DCI based Multi-TRP. However, CSI enhancement is not allowed in Rel-16. Figure 1 illustrates a simple issue for NCJT. Assume TRP1 transmits one CSI-RS resource set and TRP 2 transmits the other CSI-RS resource set, we have the following observation
· There is no clear definition of CMR and IMR for NCJT
· When TRP1 transmits its PDSCH, the CSI-RS resource set from TRP 1 is CMR, while CSI-RS resource set from TRP 2 is IMR
· When TRP2 transmits its PDSCH, the CSI-RS resource set from TRP 2 is CMR, while CSI-RS resource set from TRP 1 is IMR
In other words, for UE to derive the optimal CSI reporting, UE needs to jointly consider the reciprocal CMR/IMR relationship between TRP1 and TRP2. Using PMI as an example, UE needs to jointly solve the following optimization problem, note that the problem formulation is loose and for illustration purpose only 

Whereas 
·  and  are the channel from TRP1 and TRP2 respectively 
·  and  are the precoding matrix (PMI) of TRP1 and TRP2 respectively 
·  is the capacity function 
[image: ]
Figure 1 Reciprocal relationship between CMR and IMR for NCJT
From the above analysis, we can see that, for UE to provide the optimal CSI reporting. The following two things are required 
1. The flexible CSI measurement RS configuration to reflect the reciprocal relationship between CMR and IMR
2. The flexible CSI report quantity configuration to allow UE to report joint optimization results in terms of PMI/RI/CRI/LI/CQI.
For interference measurement under NCJT, since the transmission from both TRP interfere with each other, it is reasonable that UE should consider the CMR, including RI/PMI decision, from the other TRP as the interference for the intended TRP. In other words, the RI and PMI decision from both TRP should be considered jointly and signals from one TRP should be considered as the interference to the other TRP.

Proposal 1 For interference measurement under NCJT, including RI/PMI/CQI/LI decision, CMR from one TRP should be considered as the interference, i.e. IMR, to the other TRP.

For Rel-17 multi-TRP CSI enhancement, we allow gNB to configure UE to report, in the same CSI-ReportConfig,  both the single TRP measurement results and the multi-TRP measurement results. In the last several RAN1 meetings, there was discussion on whether we need to introduce different priority for single TRP measurement and the multi-TRP measurement in the same CSI-ReportConfig. Currently, the CSI priority is used for the CPU overbooking and the CSI multiplexing and omission. It is important to note that current specification allows gNB to configure more CPU than UE reported capability, in which case, UE is not required to update the CSI with lower priority that exceeds the UE reported capability. Within the same CSI report, it is preferable that UE should have implementation flexibility on whether to process single TRP measurement first, or to process multi-TRP measurement first. Therefore, at least for CPU overbooking, we should not introduce different priority for single TRP measurement and multi-TRP measurement in the same CSI-ReportConfig.

Proposal 2 In the same CSI-ReportConfig, when gNB configures UE to report both the single TRP measurement results and the multi-TRP measurement result, do not introduce different priority for single TRP measurement and multi-TRP measurement in the same CSI-ReportConfig, at least for CPU overbooking scenario 
CSI enhancement with partial DL/UL channel reciprocity
Even for FDD spectrum, it is believed that DL and UL channel still have certain reciprocity, i.e., share similar channel statistic, even though the actual channel can be highly uncorrelated. For DL/UL channel partial reciprocity, it is generally the observation that the following two channel properties can be very similar between DL and UL
1. Channel delay and power profile
2. Channel angle in terms of AoA/AoD
In general, this is assuming that the DL and UL go through the similar reflection and scattering, and the wavelength of DL and UL signals are also similar even with frequency duplexing separation. 
For W2 coefficients matrix, since the DL channel condition is only partially known at the gNB side and more accurate DL channel condition is available at the UE side. We prefer UE to report the actual number of reported NZC (non-zero coefficients)

Proposal 3 For W2 coefficients reporting for port selection codebook enhancement
· NW can configure the maximum number of reported NZC (non-zero coefficients)
· UE selects and reports the actual number of reported NZC (non-zero coefficients) as long as the number is less than or equal to the maximum number configured by the NW

For the UCI part II of Rel-17 PS codebook, in terms of how to define the three groups for CSI omission, we think the similar design as Rel-16 Type II PS codebook can be adopted 
· Three groups of UCI Part 2 for Rel-16 PS codebook is reused for Rel-17 PS codebook enhancement except that the starting position of the FD basis window is not needed
· Support mapping coefficients firstly across layers, secondly across port indices, and thirdly across FD basis indices, i.e., the priority value is given by  , where  is the layer index,  is the port index,  is the FD basis index,  is the RI (number of layers), and is the number of selected ports.

Proposal 4  For the UCI part II of Rel-17 PS codebook, in terms of how to define the three groups for CSI omission, support to reuse the similar design as Rel-16 Type II PS codebook 
· Three groups of UCI Part 2 for Rel-16 PS codebook is reused for Rel-17 PS codebook enhancement except that the starting position of the FD basis window is not needed
· Support mapping coefficients firstly across layers, secondly across port indices, and thirdly across FD basis indices, i.e., the priority value is given by  , where  is the layer index,  is the port index,  is the FD basis index,  is the RI (number of layers), and is the number of selected ports.
Conclusion
In RAN#86 meeting, Rel-17 FeMIMO WI was approved in RP-193133 [1]. Four main areas haven been identified for the Rel-17 FeMIMO, namely
1. Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1
2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2
3. Enhancement on SRS, targeting both FR1 and FR2
4. Enhancement on CSI measurement and reporting

Regarding CSI measurement and reporting enhancement, in this contribution, we provide our views on the following areas 
· CSI measurement and reporting enhancement for MTRP 
· Type II port selection codebook enhancement utilizing partial DL/UL channel reciprocity
We have the following proposals 
For CSI measurement and reporting enhancement for MTRP
Proposal 1 For interference measurement under NCJT, including RI/PMI/CQI/LI decision, CMR from one TRP should be considered as the interference, i.e. IMR, to the other TRP.

Proposal 2 In the same CSI-ReportConfig, when gNB configures UE to report both the single TRP measurement results and the multi-TRP measurement result, do not introduce different priority for single TRP measurement and multi-TRP measurement in the same CSI-ReportConfig, at least for CPU overbooking scenario 

For Type II port selection codebook enhancement utilizing partial DL/UL channel reciprocity

Proposal 3 For W2 coefficients reporting for port selection codebook enhancement
· NW can configure the maximum number of reported NZC (non-zero coefficients)
· UE selects and reports the actual number of reported NZC (non-zero coefficients) as long as the number is less than or equal to the maximum number configured by the NW

Proposal 4  For the UCI part II of Rel-17 PS codebook, in terms of how to define the three groups for CSI omission, support to reuse the similar design as Rel-16 Type II PS codebook 
· Three groups of UCI Part 2 for Rel-16 PS codebook is reused for Rel-17 PS codebook enhancement except that the starting position of the FD basis window is not needed
· Support mapping coefficients firstly across layers, secondly across port indices, and thirdly across FD basis indices, i.e., the priority value is given by  , where  is the layer index,  is the port index,  is the FD basis index,  is the RI (number of layers), and is the number of selected ports.
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