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Introduction
In RAN1#112, the following agreements were reached regarding NES techniques in spatial and power domains [1]:
Agreement
For the purpose of further discussions in RAN1 on NES spatial domain adaptations, consider the following cases
· Type 1: all antenna elements associated to a logical antenna port is disabled/enabled
· Type 2: part/subset of antenna elements associated to a logical antenna port is disabled/enabled
Agreement
For spatial element adaptation, further study the following
· A1-1) Each CSI-RS resource/resource set/resource setting can be associated with only one spatial adaptation pattern
· FFS: Details on how the association is done
· A1-2) Each CSI-RS resource/resource set/resource setting can be associated with one or more spatial adaptation patterns
· FFS: Details on how the association is done
· FFS: Details on the definition of “spatial adaptation patterns”
Agreement
For spatial element adaptation, further study the following
· A2-1) Independent/separate CSI report configurations where each CSI report configuration corresponds to one spatial adaptation pattern
· A2-2) One CSI report configuration contains multiple CSI report sub-configurations where each sub-configuration corresponds to one spatial adaptation pattern
· FFS: Details of sub-configuration
Agreement
For spatial domain adaptation, further study necessary enhancements for multiple CSI(s) where each CSI corresponds to a spatial adaptation pattern, e.g. 
· FFS: gNB indicates to UE which CSI(s) the UE shall report 
· FFS: the UE selects which CSI(s) are reported
· FFS: multiple CSI(s) are reported in a joint CSI report 
· FFS: Overhead reduction for multiple CSI(s)
Note: UE complexity needs to be taken into account.
Agreement
For adaptation of power offset values between PDSCH and CSI-RS, further study the following
· Where/how to configure multiple power offset values
· Whether/how one or more power offset values are dynamically indicated to UE for CSI measurement/reporting, and PDSCH reception
· Overhead reduction for CSI reports associated with multiple power offset values between PDSCH and CSI-RS
· Whether other UE report content can be included
Agreement
For spatial and power domain adaptation, solution(s) based on adaptation within an active BWP is considered as baseline
Agreement
Discuss the signalling aspects for spatial/power domain adaptation for Rel-18 NES-capable UEs considering that
· Whether there is a need for transition time per adaptation (for UE)
· Whether/How to inform UE on spatial adaptation pattern update and/or PDSCH/CSI-RS transmission power change due to adaptation.

In this contribution, we discuss further issues on the NES techniques in spatial and power domains. This contribution is a revision of R1-2301047.

Discussion
Use cases of NES spatial element adaptation
As captured in the previous section, it was agreed to consider two types of spatial element adaptation for Rel-18 spatial domain NES techniques. Figure 1 illustrates examples of Type 1 and Type 2 spatial element adaptation schemes with a total of 16 CSI-RS antenna ports associated with 32 TX chains.



Figure 1. Two types of spatial element adaptation

Based on those partial TX chain muting methods, gNB will adapt the number of TX chains in time for PDSCH transmissions. For example, as shown in Figure 2, gNB may activate 32 TX chains during the high RU time period, and may use 8 TX chains by turning off the remaining 24 TX chains during the low RU time period.
Since the DL link adaptation is performed based on CSI framework, it is desirable to apply the same TX chain pattern to UE’s CSI measurement. That is, a PDSCH using 32 or 4 TX chains should be scheduled based on CSI report derived from the same 32 or 4 TX chains with the same virtualization for accurate MCS and precoder allocation. In terms of CSI-RS port adaptation which correspond to Type 1 spatial element adaptation, two use cases can be considered.
The first use case is multi-CSI report based on “virtual” CSI-RS muting. In this case, gNB may periodically transmit the total set of CSI-RS antenna ports without actual muting. While, UE can measure one or multiple subset(s) of CSI-RS antenna ports as configured. In an example in Figure 2, UE can be configured with 1st subset and 2nd subset of CSI-RS antenna ports each having 16 ports (no muting) and 4 ports (partial virtual muting), respectively. UE may calculate two CSIs corresponding to the 1st subset and the 2nd subset, respectively, and report them to gNB. Then, based on those multiple CSIs with different ports and TX chains hypotheses, gNB can determine an adequate number of TX chains to transmit PDSCHs. The main advantage of this approach is it allows fast and accurate TX chain adaptation based on acknowledge of CSIs of multiple CSI-RS hypotheses. However, as full-port CSI-RS resource should be always transmitted, RS overhead and power consumption around the CSI-RS symbols may be increased.



Figure 2. Use case 1: Multi-CSI report based on virtual CSI-RS muting

The second use case is CSI report based on “actual” CSI-RS muting. As shown in Figure 3, gNB can adapt the number of actually transmitted CSI-RS antenna ports. For example, for the total of 16 CSI-RS antenna ports, 1st subset of CSI-RS antenna ports having 16 ports (no muting) can be transmitted during high RU time period, and 2nd subset of CSI-RS antenna ports having 4 ports (partial muting applied) can be transmitted during low RU time period. In each period, UE derives one CSI based on a received subset of CSI-RS antenna ports. If gNB is willing to switch the CSI-RS port subset, that information can be dynamically indicated to UE or a group of UEs based on DCI. In this approach, since gNB needs not activate all the TX chains for every CSI-RS occasion, the RS overhead and power consumption around the CSI-RS symbols may be reduced. However, without knowing the 1st CSI (large dimension CSI) it may not be easy to determine when to re-activate the sleeping TX chains, or the muted CSI-RS ports, in a dynamic manner.



Figure 3. Use case 2: CSI report based on actual CSI-RS muting

Considering the pros and the cons of each scheme, we think it is beneficial to consider both use cases in this WI. For the second use case, the spatial adaptation pattern can be dynamically switched based on DCI.
Observation 1: For Type 1 spatial element adaptation, use case 1, i.e., multi-CSI report based on virtual CSI-RS muting, allows fast and accurate TX chain adaptation.
Observation 2: For Type 1 spatial element adaptation, use case 2, i.e., CSI report based on actual CSI-RS muting, allows low RS overhead and low power consumption around CSI-RS symbols.
Proposal 1: For the purpose of discussion, consider the following use cases for Type 1 spatial element adaptation.
· Use case 1: Multi-CSI report based on virtual CSI-RS muting (Figure 2)
· Use case 2: CSI report based on actual CSI-RS muting (Figure 3)
Proposal 2: For use case 2, a spatial adaptation pattern that UE receives for CSI measurement can be dynamically indicated (switched) by a DCI.

Enhancements on CSI-RS resource configuration
	Agreement (RAN1#112)
For spatial element adaptation, further study the following
· A1-1) Each CSI-RS resource/resource set/resource setting can be associated with only one spatial adaptation pattern
· FFS: Details on how the association is done
· A1-2) Each CSI-RS resource/resource set/resource setting can be associated with one or more spatial adaptation patterns
· FFS: Details on how the association is done
· FFS: Details on the definition of “spatial adaptation patterns”



To make further progress on CSI framework extension, the exact meaning of “spatial adaptation patterns” needs to be clarified first. Since we have two types of spatial element adaptation, the definition should be available for both Type 1 and Type 2. In terms of CSI-RS transmission, Type 1 spatial adaptation leads to change of the set of CSI-RS antenna ports UE measures, while Type 2 spatial adaptation leads to change of virtualization of the CSI-RS antenna ports (i.e., digital beamforming + analogue virtualization). As one way to reflect both adaptations, a spatial adaptation pattern can be defined as a combination of 1) a subset of CSI-RS antenna ports from the total set of CSI-RS antenna ports and 2) virtualization of the subset of CSI-RS antenna ports. As an example, gNB may adapt the CSI-RS ports based on the following spatial adaptation patterns:
· Total set of CSI-RS antenna ports: 32
· Spatial adaptation pattern 0 (no NES): 32 CSI-RS antenna ports + 1st virtualization
· Spatial adaptation pattern 1 (for Type 1): 8 CSI-RS antenna ports + 1st virtualization
· Spatial adaptation pattern 2 (for Type 1): 4 CSI-RS antenna ports + 1st virtualization
· Spatial adaptation pattern 3 (for Type 2): 32 CSI-RS antenna ports + 2nd virtualization (wider beam)
Although antenna port virtualization itself is not seen in the specification (for example, pattern 0 and pattern 3 is not distinguishable), the change of the virtualization may potentially require some specification support. Therefore, it seems useful to consider that spatial adaptation pattern includes the CSI-RS port virtualization as well.
Proposal 3: For the purpose of discussion, a “spatial adaptation pattern” is defined as a combination of 1) a subset of CSI-RS antenna ports from the total set of CSI-RS antenna ports and 2) virtualization of the subset of CSI-RS antenna ports.

For Type 1 spatial element adaptation, CSI-RS resource configuration needs to be enhanced to support measurement/report using partial-port CSI-RS patterns for NES transmissions. Among the alternatives discussed in the previous meeting, we think two options in the table below make the most sense. In our opinion, option 1 is simpler and requires less specification change than option 2.
Table 1. Options for CSI-RS resource configuration enhancements
	
	Option 1
	Option 2

	Alternative
	A1-2 (Each CSI-RS resource can be associated with one or more spatial adaptation patterns)
	A1-1 (Each CSI-RS resource can be associated with only one spatial adaptation pattern),
or A1-2 (Each resource set can be associated with one or more spatial adaptation patterns)

	Total set of CSI-RS antenna ports
	CSI-RS resource
	CSI-RS resource set

	Subset of CSI-RS antenna ports
(spatial adaptation pattern)
	New parameter (e.g., CSI-RS subset)
	CSI-RS resource

	Potential specification impact
	Introduce a new parameter indicating spatial adaptation pattern under CSI-RS resource IE
Clarification for UE capability on max total # of CSI-RS ports (e.g., CSI-RS resource is counted as legacy, but subsets of CSI-RS ports associated with the CSI-RS resource are not counted)
	Allow CSI-RS resources having different # of CSI-RS ports within the same CSI-RS resource set
Define inclusion relationship (e.g., nested structure) among CSI-RS resources
Clarification for UE capability on max total # of CSI-RS ports (e.g., only a full-port CSI-RS resource (including others) is counted)



Proposal 4: For enhancements on CSI-RS resource configuration, further consider the following two options:
· Option 1: Each CSI-RS resource can be associated with one or more spatial adaptation patterns (A1-2)
· Option 2: Each CSI-RS resource can be associated with only one spatial adaptation pattern (A1-1)

The simplest way of indicating a subset of CSI-RS antenna ports to UE is to use a bitmap of size N, with N denoting the total number of CSI-RS antenna ports of the associated CSI-RS resource or resource set. Each bit may represent that a corresponding CSI-RS antenna port is ‘unmuted’ and ‘muted’. This method is highly flexible since it can indicate every possible antenna port subset pattern, however, it is not efficient because not all patterns are needed in practice and some of the patterns would be definitely unnecessary.
Instead, it can be noted that the CSI-RS antenna ports are mapped to 2D antenna arrays whose structure is reflected in the 2D CSI codebook. Figure 4 shows an example structure of the 1st subset and 2nd subset of CSI-RS antenna ports in the horizontal-vertical space. The total set of 16 CSI-RS antenna ports can be marked as 8 entries of a 2x4 matrix for each of two polarizations. Then under this matrix form structure, each CSI-RS subset pattern can be represented by a combination of row indices and column indices. That is, the 16 ports of the 1st subset can be indicated by (all rows, all columns), and the 4 ports of the 2nd subset can be indicated by (all rows, 1st column). In this case, indicating unmuted (i.e., actually transmitted) CSI-RS antenna ports is better than indicating muted CSI-RS antenna ports because some CSI-RS antenna port subsets do not correspond to a muting pattern.
Proposal 5: To improve signalling efficiency, a subset of CSI-RS antenna ports can be represented by (unmuted rows, unmuted columns) based on 2D CSI codebook structure.



Figure 4. Structure of CSI-RS AP sets in the horizontal-vertical space

For use case 2, gNB may transmit a subset of CSI-RS antenna ports by muting unused antenna ports. Then, how to map the subset of CSI-RS antenna ports to the physical CSI-RS resource needs to be discussed. Figure 5 describes a couple of alternatives depending on whether to apply new resource configuration and whether to use old or new port index. In this example, Alt. 3 is favourable in terms of that it requires the minimum number of REs and only 1 symbol to transmit the subset of CSI-RS antenna ports.
Proposal 6: For the case where gNB transmits only a subset of CSI-RS antenna ports in a CSI-RS occasion (e.g., use case 2), discuss how to map the subset of CSI-RS antenna ports to physical CSI-RS resource.



Figure 5. Mapping of a subset of CSI-RS antenna ports to associated physical CSI-RS resource

Enhancements on CSI report configuration
For CSI reporting configuration enhancements, both A2-1 and A2-2 would work. However, in our view, there is no strong need to apply different report quantities, reporting bands, time domain properties, etc. to multiple CSI reports from multiple spatial adaptation patterns. If that is the case, it seems natural to adopt A2-2 for simplicity.
When the number of CSI reports due to spatial adaptation is large, CSI overhead can be an issue and techniques to reduce the overhead can be investigated. Such work can be done after some progress on CSI feedback enhancements.
Proposal 7: For enhancements on CSI reporting configuration, adopt the following option:
· A2-2) One CSI report configuration contains multiple CSI report sub-configurations where each sub-configuration corresponds to one spatial adaptation pattern

Enhancements for Type 2 spatial element adaptation
For Type 2 TX chain muting, since the number of the transmitted CSI-RS antenna ports is not impacted, the CSI-RS port scaling methods mentioned above may not be applicable. Instead, when the CSI-RS port virtualization changes, UE may need to reset its CSI measurement or reporting operation not to mix the old and new measurement results assuming that received CSI-RS signal strength will be impacted by the updated beam pattern. Then, gNB may be required to indicate UE that the TX chain switching event happened or will happen.
Proposal 8: When the CSI-RS antenna port virtualization (or, beam pattern) is expected to change due to TX chain activation or deactivation, UE can be indicated to reset its CSI measurement or reporting behaviour.

Power domain enhancements
	Agreement
For adaptation of power offset values between PDSCH and CSI-RS, further study the following
· Where/how to configure multiple power offset values
· Whether/how one or more power offset values are dynamically indicated to UE for CSI measurement/reporting, and PDSCH reception
· [bookmark: _GoBack]Overhead reduction for CSI reports associated with multiple power offset values between PDSCH and CSI-RS
· Whether other UE report content can be included



For power domain techniques, similar enhancements to the spatial adaptation can be applied. For example, each CSI-RS resource or resource set can be associated with one or multiple power offset values between PDSCH and CSI-RS, and each CSI report configuration or each sub-configuration may correspond to one power offset value. Therefore, in Rel-18 CSI enhancements for NES, spatial domain and power domain adaptations can be jointly considered. For example, a subset of CSI-RS antenna ports and a power offset value can be indicated as a combination for UE’s CSI measurement.
Proposal 9: Aim for a joint design for CSI enhancements considering both spatial element adaptation and transmit power adaptation.

Conclusion
In this contribution, we discussed potential enhancements on NES techniques in spatial and power domains. Our observations and proposals are captured below:
Observation 1: For Type 1 spatial element adaptation, use case 1, i.e., multi-CSI report based on virtual CSI-RS muting, allows fast and accurate TX chain adaptation.
Observation 2: For Type 1 spatial element adaptation, use case 2, i.e., CSI report based on actual CSI-RS muting, allows low RS overhead and low power consumption around CSI-RS symbols.

Proposal 1: For the purpose of discussion, consider the following use cases for Type 1 spatial element adaptation.
· Use case 1: Multi-CSI report based on virtual CSI-RS muting (Figure 2)
· Use case 2: CSI report based on actual CSI-RS muting (Figure 3)
Proposal 2: For use case 2, a spatial adaptation pattern that UE receives for CSI measurement can be dynamically indicated (switched) by a DCI.
Proposal 3: For the purpose of discussion, a “spatial adaptation pattern” is defined as a combination of 1) a subset of CSI-RS antenna ports from the total set of CSI-RS antenna ports and 2) virtualization of the subset of CSI-RS antenna ports.
Proposal 4: For enhancements on CSI-RS resource configuration, further consider the following two options:
· Option 1: Each CSI-RS resource can be associated with one or more spatial adaptation patterns (A1-2)
· Option 2: Each CSI-RS resource can be associated with only one spatial adaptation pattern (A1-1)
Proposal 5: To improve signalling efficiency, a subset of CSI-RS antenna ports can be represented by (unmuted rows, unmuted columns) based on 2D CSI codebook structure.
Proposal 6: For the case where gNB transmits only a subset of CSI-RS antenna ports in a CSI-RS occasion (e.g., use case 2), discuss how to map the subset of CSI-RS antenna ports to physical CSI-RS resource.
Proposal 7: For enhancements on CSI reporting configuration, adopt the following option:
· A2-2) One CSI report configuration contains multiple CSI report sub-configurations where each sub-configuration corresponds to one spatial adaptation pattern
Proposal 8: When the CSI-RS antenna port virtualization (or, beam pattern) is expected to change due to TX chain activation or deactivation, UE can be indicated to reset its CSI measurement or reporting behaviour.
Proposal 9: Aim for a joint design for CSI enhancements considering both spatial element adaptation and transmit power adaptation.
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