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Introduction
In RAN1#113, there were agreements on the details of NES techniques in spatial and power domains [1]. In this contribution, we continue to discuss remaining issues on potential CSI enhancements for Type 1/2 SD and PD adaptations.

Discussion
CSI enhancements for Type 1/2 SD adaptation
In the last meeting, the followings were agreed for CSI-RS resource configuration for Type 1 and Type 2 SD adaptations.
	Agreement
Confirm the working assumption with the following update (in red)
· Al-1-revised and A1-2-revised are supported
· For Type 1 SD adaptation
· A1-2-revised is supported 
· For Type 2 SD adaptation
· A1-1-revised is supported.
Agreement
· For A1-1-revised for Type 2, one or more CSI-RS resources from a CSI-RS resource set for channel measurement can be associated with the same sub-configuration provided in a CSI report configuration
· Resources in the resource set for channel measurement have the same number of antenna ports
· For A1-2-revised for Type 1, all CSI-RS resource(s) (which can be one or more) in the CSI-RS resource set for channel measurement are associated with each sub-configuration provided in a CSI report configuration
· i.e. each CSI-RS resource is associated with all the sub-configurations
· Resources in the resource set for channel measurement have the same number of antenna ports
· FFS: restriction on total number of CSI-RS resources for channel measurement in a CSI-ReportConfig and/or sub-configuration.



CRI feedback toward multiple CSI-RS resources
According to the agreements, for both types of SD adaptation, one CSI report sub-configuration can be associated with multiple CSI-RS resources. For each sub-configuration, UE may choose one CSI-RS resource and report the CSI derived from the CSI-RS resource including the CRI. In the following two tables, examples of CSI resource/reporting setting for Type 1 and Type 2 SD adaptations with multiple CSI-RS resources are described.
Firstly, Table 1 shows an example of Type 2 SD adaptation based on A1-1-revised with a CSI report including L=2 sub-configurations and a CSI-RS resource set including two groups of CSI-RS resources. The two resource groups, i.e., {CSI-RS resource 0 and 2} and {CSI-RS resource 1 and 3}, may be transmitted toward different directions to reach different coverages. The two sub-configurations would correspond to different SD patterns, i.e., different antenna virtualizations, one for narrow beam and the other for wider beam from TXRU muting. Each sub-configuration may be associated with two CSI-RS resources, each belonging to each resource group.
Table 1. An example of Type 2 SD adaptation
	A CSI report
	A CSI-RS resource set

	Sub-configuration 0
A list of CSI-RS resources {0, 1}
	CSI-RS resource 0
with P=16 ports
[image: ]
Narrower beam
	CSI-RS resource 1
with P=16 ports
[image: ]
Narrower beam

	Sub-configuration 1
A list of CSI-RS resources {2, 3}
	CSI-RS resource 2
with P=16 ports
[image: ]
Wider beam
	CSI-RS resource 3
with P=16 ports
[image: ]
Wider beam



If both sub-configurations are activated (or both configured for P-CSI report), UE may report two CSIs, 1st CSI for sub-configuration 0 and 2nd CSI for sub-configuration 1 in one CSI report. A remaining issue is how to choose the CRI for the 1st CSI and the CRI for the 2nd CSI. One possibility is to choose the two CRIs from the same resource group. For example, if UE chooses CRI=0 for sub-configuration 0, then the CRI for the sub-configuration 1 should be 2. In our view, such limitation is not necessary and it may interrupt to report the best channel quality and beam direction per each sub-configuration. Moreover, it may require additional signalling to UE on information of the CSI-RS resource grouping. Therefore, it is desirable not to give restriction on the CRI determination, i.e., UE can independently determine the CRI for each sub-configuration.
Proposal 1: For CSI report for Type 2 SD adaptation, UE independently determines the CRI per each sub-configuration, i.e., no restriction such as CSI-RS resource grouping is imposed.

Table 2 shows an example of Type 1 SD adaptation based on A1-2-revised with a CSI-RS resource set including two CSI-RS resources each having P=32 ports. For the purpose of discussion, a number of CSI report sub-configurations reflecting various CSI-RS port subset patterns are listed in the table.
Table 2. An example of Type 1 SD adaptation
	A CSI report
Parent or reference codebook:
(N1,N2,Ng)=(8,2,1)
	A CSI-RS resource set

	
	CSI-RS resource 0
with P=32 ports
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	CSI-RS resource 1
with P=32 ports
[image: ]
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	Sub-configuration 0
P0=32 ports
Bitmap: {all 1s}
Codebook: (N1,N2,Ng)=(8,2,1)
	P0=P=32 ports
[image: ]
	P0=P=32 ports
[image: ]

	Sub-configuration 1
P1=8 ports
Bitmap: {10101010000000001010101000000000}
Codebook: (N1,N2,Ng)=(4,1,1)
	P1=8 ports
[image: ]
	P1=8 ports
[image: ]

	Sub-configuration 2
P2=24 ports
Bitmap: ??
Codebook: (N1,N2,Ng)=(4,3,1)
	P2=24 ports
[image: ]
	P2=24 ports
[image: ]

	Sub-configuration 3
P3=16 ports
Bitmap: {11111111111111110000000000000000}
Codebook: ??
	P3=16 ports
[image: ]
	P3=16 ports
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	Sub-configuration 4
P4=12 ports
Bitmap: {11110000000000001111000000000000}
Codebook: ??
	P4=12 ports
[image: ]
	P4=12 ports
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	Sub-configuration 5
P5=2 ports
Bitmap: {00100000000000000010000000000000}
Codebook: 2-port codebook?
	P5=2 ports
[image: ]
	P5=2 ports
[image: ]



A similar issue regarding the CRI feedback needs to be resolved for Type 1 SD adaptation as well. To follow the same principle as Type 2, UE may independently choose the CRI for each sub-configuration. For example, UE may be allowed to choose CSI-RS resource 0 for sub-configuration 0 and CSI-RS resource 1 for sub-configuration 1 if such combination corresponds to the best channel qualities.
Proposal 2: For CSI report for Type 1 SD adaptation, UE independently determines the CRI per each sub-configuration, i.e., different CRIs can be chosen for different sub-configurations.

Nested structure in sub-configuration codebooks
According to the agreement, the P=32-bit bitmap is expected to be used in the above example in Table 2 to indicate a CSI-RS port subset corresponding to a SD adaptation pattern. Basically, this bitmap approach allows a port-level CSI-RS muting, i.e., any combination of CSI-RS ports to form a SD pattern. Nevertheless, it may be needed to prohibit some port subset patterns or their combinations in practice.
First issue is regarding sub-configuration 0 and 2 in Table 2. Based on their codebook configurations (N1,N2)=(8,2) and (N1,N2)=(4,3), the corresponding port subsets would form 2x8 array and 3x4 array, respectively. Although each sub-configuration itself is a valid configuration, it would be problematic if the two sub-configurations are simultaneously configured or activated as the two port subsets cannot be transmitted based on a single CSI-RS resource, e.g., CSI-RS resource 0, while maintaining the same port array structures because the total number of ports exceed P=32 as illustrated in Figure 1.
[image: ]
Figure 1. Union of two port subsets for sub-configurations 0 and 2
To resolve this issue, two alternatives can be considered. First approach is to let gNB to guarantee not to simultaneously activate (or configure in the case of P-CSI report) such sub-configurations, i.e., sub-configurations that cannot be mapped to the associated CSI-RS resource in the same CSI report. However, this approach may not provide clear guidance to UE on how to determine valid and invalid port subset combinations.
A clearer approach is to define a parent codebook. A parent codebook can be configured for a CSI report, and each sub-configuration codebook can be nested within the parent codebook. For example, in Table 2, a parent codebook of dimension (N1,N2,Ng)=(8,2,1) can be configured. Each sub-configuration codebook is nested in the parent codebook dimension, i.e., N1(k)<=N1, N2(k)<=N2, and Ng(k)<=Ng for sub-configuration k, except sub-configuration 2. Based on this approach, sub-configuration 2 will be ruled out since the size of its second dimension N2(2) exceeds N2, and thus the case shown in Figure 1 can be avoided. The parent codebook can be configured by reusing the legacy codebook IE in the CSI report, or a codebook for a specific sub-configuration, e.g., sub-configuration 0, can serve as the parent codebook.
Proposal 3: For Type 1 SD adaptation, a parent codebook (N1,N2) or (N1,N2,Ng) is configured for a CSI report. The codebook (N1(k),N2(k)) or (N1(k),N2(k),Ng(k)) for sub-configuration k (0<=k<=L-1) is nested within the parent codebook, i.e., N1(k)<=N1, N2(k)<=N2, and Ng(k)<=Ng.
Proposal 4: For Type 1 SD adaptation, the parent codebook is configured from one of the following alternatives.
· Alt. 1: By reusing the legacy codebook IE in the CSI report level (i.e., parent IE of sub-configurations).
· Alt. 2: A codebook configured for one sub-configuration serves as the parent codebook.
· FFS: whether the sub-configuration is fixed (e.g., sub-configuration with index 0) or configurable

Clarification on CSI-RS port subset mapping structure
	Agreement
For Type 1 adaptation, for each sub-configuration,
· Port subset indication is based bitmap is supported
· One bit per port for single panel case (i.e. turning off in a port level)
· FFS: One bit per panel for multi-panel case (i.e. turning off in panel level)
· Note: It is up to the gNB to ensure the mapping of the bit to a uniform x-pol rectangular array
Agreement
For Type 1 adaptation, for each sub-configuration, for multi-panel case,
· One bit per port based on bitmap is supported
· Note: It is up to the gNB to ensure the mapping of the bit to a uniform x-pol rectangular array for each of the activated panel(s). Additionally, if more than one panel is activated, uniformity across panels is ensured by the gNB (i.e., the same N1, N2 across multiple activated panels)



It was agreed that it is up to gNB to ensure the mapping of the bit to a uniform x-pol rectangular array. It was also agreed that if more than one panel is activated, uniformity across panels is ensured by the gNB (i.e., the same N1, N2 across multiple activated panels).
To our understanding, the uniformity across polarizations and panels (e.g., Ng=2) means that the four quarters (P/4 bits each) of the bitmap should be identical to each other as illustrated in Figure 2. Such repetitive bit mapping is aligned with the current NR CSI codebook structure, i.e., common basis selection and co-phasing across polarizations and panels.
[image: ]
Figure 2. Uniformity across polarizations and panels (Ng=2)
One unclear point is interpretation on the notes in the above agreements (yellow and blue highlights). We think there are two interpretations:
· Interpretation 1: It is up to gNB “whether” to ensure uniform x-pol 2D array.
· Interpretation 2: gNB always ensures uniform x-pol 2D array.
Our interpretation is the second one, especially noting that in the blue sentence it says “uniformity ~ ‘is ensured’ by the gNB”. If the intention is the second interpretation, it may need to be captured in the specification. In our understanding, all the legacy Type I and Type II codebooks in Rel-15/16/17 assumes polarization-common and panel-common CSI-RS port number combinations.
Similarly, in the current specification, the number of CSI-RS ports P has to be aligned with the codebook dimension {N1,N2,Ng} to satisfy P=2*N1*N2 or P=2*N1*N2*Ng. This is a natural consequence considering that PMI is a recommended precoder for CSI measurement based on P port CSI-RS resource. The same relation should hold for Type 1 SD adaptation per sub-configuration. UE may expect that the number of ports P(k) of the port subset (e.g., the number of non-zero values in the bitmap) for sub-configuration k equals 2*N1(k)*N2(k) or 2*N1(k)*N2(k)*Ng(k). Whether the current specification is sufficient or not to ensure this can be further discussed.
Proposal 5: To clarify that for the port subset indication based on bitmap, gNB always ensures polarization-common and panel-common port subset mapping structure.
· Discuss whether the current specification is sufficient or not to guarantee this.
Proposal 6: For Type 1 SD adaptation, UE expects that the number of ports P(k) of the port subset (e.g., the number of non-zero values in the bitmap) for sub-configuration k equals 2*N1(k)*N2(k) or 2*N1(k)*N2(k)*Ng(k).
· Discuss whether the current specification is sufficient or not to guarantee this.

Support of 2 ports sub-configuration
	Agreement
For the sub-configuration(s) in a CSI report configuration with L>1, 
· for Type 1 SD with A1-2-revised, the following is configured in each sub-configuration
· codebook subset restriction, 
· rank restriction
· N1, N2 and Ng 
· FFS: the case when the number of ports is less than 4



It is FFS whether/how to support 2 ports sub-configuration in Type 1 SD adaptation. A 2 ports sub-configuration is exemplified in sub-configuration 5 in Table 2. An issue with 2 ports SD subset pattern is that the CSI is derived based on the dedicated 2-port codebook instead of the Kronecker codebook. Thus, it is not adequate to be represented by (N1,N2). Nevertheless, it is preferred to support 2 ports adaptation pattern to offer greater implementation choices to gNB. Since the bitmap-based indication is already agreed, gNB may simply skip the codebook configuration for the sub-configuration where the number of subset ports is 2. Still, the 2-port codebook can be used to derive the CSI. Note that 2-port codebook is also a part of the Type I codebook which was agreed to be supported for the Rel-18 NES SD adaptation.
Proposal 7: For Type 1 SD adaptation, support 2 ports sub-configuration. If the size of the port subset indicated by the bitmap is two, the codebook configuration is not included in the corresponding sub-configuration.

CSI payload reduction
	Agreement
For both spatial domain NES, when UE reports CSIs corresponding to one or more sub-configurations provided in a CSI report configuration, 
· At least support baseline: Report CSI for each indicated sub-configuration, according to reportQuantity configuration
· FFS: details on how to map CSI(s) in a CSI report
· Further enhancement on CSI payload reduction is not precluded



A remaining issue is potential enhancements for CSI payload reduction. In Rel-17 NCJT CSI report, UE can choose one best CSI among sTRP and mTRP measurement hypotheses and report it including a corresponding CRI. In that way, the CSI overhead can be managed to a reasonable level. The same approach can be applied to multiple sub-configurations for the multi-CSI report. Since the CRI is already expected to choose a CSI-RS resource within each sub-configuration, a new parameter (e.g., sub-configuration indicator) can be introduced to indicate a selected sub-configuration index. UE can be configured with one of the following two CSI reporting modes:
· Mode 1: Report CSI per each sub-configuration, where each CSI includes PMI, RI, CQI, and CRI (if applicable) (already agreed)
· Mode 2: Report only one CSI for a selected sub-configuration, where the CSI includes PMI, RI, CQI, CRI (if applicable), and sub-configuration indicator
Since the Mode 1 CSI payload would be large, the Mode 1 CSI may be reported only on PUSCH. For Mode 2 CSI feedback, both PUSCH and PUCCH may be used.
Proposal 8: Support the following two CSI reporting modes for multi-CSI report for Rel-18 NES:
· Mode 1: Report a CSI per each sub-configuration, where each CSI includes PMI, RI, CQI, and CRI (if applicable) (already agreed)
· Mode 2: Report only one CSI for a selected sub-configuration including the sub-configuration index, where the CSI includes PMI, RI, CQI, CRI (if applicable) for the selected sub-configuration.
Proposal 9: For CSI report without CSI overhead reduction (i.e., Mode 1 in Proposal 8), only CSI report on PUSCH is supported.

CSI complexity calculation
	Agreement
For N>=1 CSI reporting corresponding to N out of L sub-configurations in one reportConfig where each sub-configuration corresponding to an SD adaptation pattern or/[and] a powerControlOffset value, 
· For A-CSI and SP-CSI on PUSCH report, support DCI-based triggering
· For A-CSI-RS, CPU and CSI-RS resource/port counting depend on N indicated sub-configurations
· FFS: How to do the counting
· FFS: For P-CSI-RS/SP-CSI-RS, CPU and CSI-RS resource/port counting depend on L or N sub-configurations
· For SP-CSI on PUCCH report, support MAC-CE-based triggering
· FFS: For P-CSI-RS/SP-CSI-RS, CPU and CSI-RS resource/port counting depend on L or N sub-configurations
Note: UE complexity reduction is not precluded
Agreement
Alt 2: For P-CSI reporting from L configured sub-configurations, support:
· All L configured sub-configurations are reported in every periodic occasion.
· The maximum value of L can be different for A-CSI, SP-CSI, and P-CSI. 
· , where  is the total number of CSI-RS resources corresponding to i-th sub-configuration in the CSI-RS resource set for channel measurement. (N=L in the equation)
FFS: Details on active CSI-RS resource / port counting



For A-CSI and SP-CSI report, it is not decided yet for P-CSI-RS/SP-CSI-RS whether L or N sub-configurations are involved with CPU and CSI-RS resource/port counting. In our view, it should be N because only the port subsets of N sub-configurations are contributed to the CSI measurement and report.
Proposal 10: For A-CSI and SP-CSI report without CSI complexity reduction, for P-CSI-RS/SP-CSI-RS, CPU and CSI-RS resource/port counting depends on N sub-configurations.

Applicability for Rel-17 NCJT CSI report
In a multi-TRP deployment, dynamic switching between single TRP scheme and a NCJT scheme can be applied to UE. The UE may perform Rel-17 NCJT CSI report which allows to calculate CSI for sTRP measurement hypothesis and mTRP measurement hypothesis within a single CSI report. The SD/PD adaptation can be utilized in combination with the multi-TRP schemes. In that case, within a CSI report, a same set of M (M>=0) sTRP measurement hypothesis and N (N>=0) measurement hypothesis (M+N>=1) can be associated with each (and all) of L sub-configurations. The legacy CRI reporting rule (one best CRI across sTRP and mTRP measurement hypothesis or multiple CRIs for both sTRP and mTRP measurement hypothesis) can be applied per each sub-configuration.
Proposal 11: For a CSI report for Type 1 and Type 2 SD adaptation, a same set of M (M>=0) sTRP measurement hypothesis and N (N>=0) measurement hypothesis (M+N>=1) can be associated with each of L sub-configurations. The legacy CRI reporting rule (one best CRI or multiple CRIs) can be applied per each sub-configuration.

CSI enhancements for PD adaptation
For PD adaptation, a remaining issue is how to associate multiple powerControlOffset values with CSI report sub-configurations. Since in case of SD adaptation port subset information is directly associated with a sub-configuration, the same can be applied to PD adaptation. That is, a powerControlOffset value can be configured as part of each sub-configuration. The powerContolOffset IE in the CSI-RS resource configuration can simply be disabled or ignored. Or, a delta value from the powerControlOffset IE in the CSI-RS resource configuration can be configured for each sub-configuration. This approach is more flexible than locating additional powerControlOffset values for sub-configurations in the CSI-RS resource configuration considering that one CSI-RS resource can be referred by multiple CSI reports with different powerControlOffset values.
Proposal 12: For PD adaptation and joint SD and PD adaptation, a powerContolOffset value or a delta value from the powerControlOffset IE configured in the CSI-RS resource configuration is configured in each CSI report sub-configuration.

Conclusion
In this contribution, we discussed potential enhancements on NES techniques in spatial and power domains. Our observations and proposals are captured below:
Proposal 1: For CSI report for Type 2 SD adaptation, UE independently determines the CRI per each sub-configuration, i.e., no restriction such as CSI-RS resource grouping is imposed.
Proposal 2: For CSI report for Type 1 SD adaptation, UE independently determines the CRI per each sub-configuration, i.e., different CRIs can be chosen for different sub-configurations.
Proposal 3: For Type 1 SD adaptation, a parent codebook (N1,N2) or (N1,N2,Ng) is configured for a CSI report. The codebook (N1(k),N2(k)) or (N1(k),N2(k),Ng(k)) for sub-configuration k (0<=k<=L-1) is nested within the parent codebook, i.e., N1(k)<=N1, N2(k)<=N2, and Ng(k)<=Ng.
Proposal 4: For Type 1 SD adaptation, the parent codebook is configured from one of the following alternatives.
· Alt. 1: By reusing the legacy codebook IE in the CSI report level (i.e., parent IE of sub-configurations).
· Alt. 2: A codebook configured for one sub-configuration serves as the parent codebook.
· FFS: whether the sub-configuration is fixed (e.g., sub-configuration with index 0) or configurable
Proposal 5: To clarify that for the port subset indication based on bitmap, gNB always ensures polarization-common and panel-common port subset mapping structure.
· Discuss whether the current specification is sufficient or not to guarantee this.
Proposal 6: For Type 1 SD adaptation, UE expects that the number of ports P(k) of the port subset (e.g., the number of non-zero values in the bitmap) for sub-configuration k equals 2*N1(k)*N2(k) or 2*N1(k)*N2(k)*Ng(k).
· Discuss whether the current specification is sufficient or not to guarantee this.
Proposal 7: For Type 1 SD adaptation, support 2 ports sub-configuration. If the size of the port subset indicated by the bitmap is two, the codebook configuration is not included in the corresponding sub-configuration.
Proposal 8: Support the following two CSI reporting modes for multi-CSI report for Rel-18 NES:
· Mode 1: Report a CSI per each sub-configuration, where each CSI includes PMI, RI, CQI, and CRI (if applicable) (already agreed)
· Mode 2: Report only one CSI for a selected sub-configuration including the sub-configuration index, where the CSI includes PMI, RI, CQI, CRI (if applicable) for the selected sub-configuration.
Proposal 9: For CSI report without CSI overhead reduction (i.e., Mode 1 in Proposal 8), only CSI report on PUSCH is supported.
Proposal 10: For A-CSI and SP-CSI report without CSI complexity reduction, for P-CSI-RS/SP-CSI-RS, CPU and CSI-RS resource/port counting depends on N sub-configurations.
Proposal 11: For a CSI report for Type 1 and Type 2 SD adaptation, a same set of M (M>=0) sTRP measurement hypothesis and N (N>=0) measurement hypothesis (M+N>=1) can be associated with each of L sub-configurations. The legacy CRI reporting rule (one best CRI or multiple CRIs) can be applied per each sub-configuration.
Proposal 12: For PD adaptation and joint SD and PD adaptation, a powerContolOffset value or a delta value from the powerControlOffset IE configured in the CSI-RS resource configuration is configured in each CSI report sub-configuration.
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