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Introduction
In RAN#98e, a new WI aiming network energy savings for NR was approved. The objective of the WI includes specifying NES techniques in spatial and power domains as captured below [1]:
· Specify the following techniques in spatial and power domains
· Specify necessary enhancements on CSI and beam management related procedures including measurement and report, and signaling to enable efficient adaptation of spatial elements (e.g. antenna ports, active transceiver chains) [RAN1, RAN2]
· Specify necessary enhancements on CSI related procedures including measurement and report, and signaling to enable efficient adaptation of power offset values between PDSCH and CSI-RS [RAN1, RAN2]
· Note: Above objectives are only for UE specific channels/signals
· Note: Legacy UE CSI/CSI-RS capabilities applies when considering total number of CSI reports and requirements
In this contribution, we discuss our view on the spatial domain NES techniques focusing on downlink TX chain muting methods.

Discussion
The spatial domain NES techniques identified during the SI phase mainly concern power consumption of the gNB’s TRX chains (and also associated antenna elements/panels). Even if gNB is capable to utilize a large number of TRX chains (e.g., up to 64) to appreciate massive array gains, it will shut down some of them whenever unnecessary depending on the traffic load, number of UEs, CSI, offloading, etc. to reduce the power consumption.
For downlink, two types of TX chain deactivation were identified. The first one is TX chain muting that result in reduction of the number of antenna ports as illustrated in Figure 1(a). Assuming 16 CSI-RS antenna ports each connected to 2 TX chains (so total 32 TX chains), deactivating 16 TX chains of two rightmost columns will mute a half of the number of activated CSI-RS antenna ports. The second one is TX chain muting changing the antenna port virtualization which is depicted in Figure 1(b). If we turn off TX chains in the 2nd row and the 4th row, all the 16 CSI-RS antenna ports are still turned on, but their beam pattern in the vertical domain would be impacted (unless TX chain to antenna elements mapping is refined). Both the two types of TX chain muting operation are beneficial for different use cases and need to be investigated for potential enhancements.
Proposal 1: For DL transmissions, consider both the following two types of TX chain muting for potential enhancements.
· Type 1 TX chain muting: reducing the number of antenna ports while beam pattern is maintained.
· Type 2 TX chain muting: changing the beam pattern (i.e., antenna port virtualization) while the number of antenna ports is maintained.



Figure 1. Impact of TX chain muting: (a) Type 1 TX chain muting, (b) Type 2 TX chain muting

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.
[bookmark: _GoBack]Since the DL link adaptation is performed based on CSI framework, it is highly recommended to apply the same TX chain pattern to UE’s CSI measurement and report. 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. For the CSI-RS port adaptation corresponding to Type 1 TX chain muting, two approaches had been discussed.
The first scheme is multi-CSI report based on “virtual” CSI-RS muting. In this scheme, gNB periodically transmits all CSI-RS antenna ports comprising a CSI-RS resource without actual muting. While, UE can measure one or multiple subset(s) of CSI-RS antenna ports within the CSI-RS resource based on virtual muting pattern(s). In the example shown in Figure 2, UE can be configured with 1st and 2nd CSI-RS AP sets each having 16 APs (no muting) and 4 APs (partial virtual muting), respectively. UE may calculate two CSIs corresponding to the 1st and the 2nd CSI-RS AP sets, respectively, and report them. Then, based on the multiple CSIs with different TX chain hypotheses, gNB can determine an adequate number of TX chains to transmit PDSCHs. The main advantage of this scheme is its fast and optimal TX chain adaptation according to 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. Scheme 1: Multi-CSI report based on virtual CSI-RS muting

The second scheme 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 16 port CSI-RS resource, 1st CSI-RS AP set of 16 APs (no muting) can be transmitted during high RU time period, and 2nd CSI-RS AP set of 4 APs (partial muting applied) can be transmitted during low RU time period. In each period, UE derives one CSI based on a received CSI-RS AP set. If gNB is willing to switch the CSI-RS AP set, that information can be dynamically indicated to UE or a group of UEs by a 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. Scheme 2: CSI report based on actual CSI-RS muting

Considering the pros and cons of each scheme, we think it is meaningful to consider both approaches in specifying CSI enhancements.
Observation 1: CSI-RS port adaptation scheme 1, i.e., multi-CSI report based on virtual CSI-RS muting allows fast and optimal TX chain adaptation.
Observation 2: CSI-RS port adaptation scheme 2, i.e., CSI report based on actual CSI-RS muting allows low RS overhead and low power consumption around CSI-RS symbols.
Proposal 2: Consider both the following two CSI-RS antenna port scaling methods for DL CSI enhancements.
· Scheme 1: Multi-CSI report based on virtual CSI-RS muting
· Scheme 2: CSI report based on actual CSI-RS muting

An expected specification impact is signalling enhancements on the CSI resource configuration. In our view, based on RRC configuration, one or multiple CSI-RS AP sets can be associated with one CSI-RS resource. Each CSI-RS AP set should be a subset of the total CSI-RS antenna ports of the associated CSI-RS resource. For scheme 2, on top of the RRC configuration, a DCI may indicate the index of a CSI-RS AP set to be switched on among the configured CSI-RS AP sets.
Proposal 3: Based on RRC configuration, One CSI-RS resource can be associated with one or multiple CSI-RS AP sets, each CSI-RS AP set is a subset of the total antenna ports of the CSI-RS resource.
Proposal 4: A CSI-RS AP set that UE receives for a CSI-RS resource can be dynamically indicated (switched) by a DCI.

The simplest way of signalling each CSI-RS AP set 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. Bit value ‘1’ and ‘0’ may represent that a corresponding CSI-RS antenna port is ‘unmuted’ and ‘muted’, respectively, or vice versa. This bitmap signalling method provides full flexibility although definitely unnecessary at the expense of high signalling overhead.
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 and 2nd CSI-RS AP sets in the horizontal-vertical space. The total 16 CSI-RS antenna ports of the CSI-RS resource can be marked as 8 entries of a 2x4 matrix for each polarization. Then under this matrix form structure, each CSI-RS AP set can be represented by a combination of row indices and column indices. That is, the 16 APs of the 1st CSI-RS AP set can be indicated by (all rows, all columns), and the 4 APs of the 2nd CSI-RS AP set can be indicated by (all rows, 1st column). Under this approach, it can also be noted that directly indicating unmuted (i.e., actually transmitted) CSI-RS antenna ports is more favourable than indicating a muting pattern because some CSI-RS AP sets does not have a corresponding muting pattern.
Proposal 5: For efficient signalling, a CSI-RS AP set (a subset of the CSI-RS resource) 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 Scheme 2, gNB may transmit only a reduced set of CSI-RS antenna ports (e.g., 4 CSI-RS antenna ports of the 2nd CSI-RS AP set for low RU time period). Then, how to map the partial CSI-RS antenna ports to the physical CSI-RS resource need to be discussed. A couple of alternatives for partial port CSI-RS mapping is described in Figure 5. Depending on whether to apply old or new resource configuration and whether to use old or new port index, the mapping outcome would be different. In this example, Alt. 3 is the most favourable since it requires the minimum number of REs and only 1 symbol to transmit the CSI-RS resource.
Proposal 6: Discuss how to map a CSI-RS AP set (unmuted partial CSI-RS antenna ports) to the associated physical CSI-RS resource.



Figure 5. Mapping of CSI-RS AP set to the associated physical CSI-RS resource

For Type 2 TX chain muting, since the number of CSI-RS antenna ports is not impacted, the CSI-RS port scaling methods mentioned above may not be applicable. Instead, when the CSI-RS mapping to the TX chains is changed, 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 will happen.
Proposal 7: 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.

Conclusion
In this contribution, our initial views on NES technique in spatial domain are provided. Our observations and proposals are captured below:
Observation 1: CSI-RS port adaptation scheme 1, i.e., multi-CSI report based on virtual CSI-RS muting allows fast and optimal TX chain adaptation.
Observation 2: CSI-RS port adaptation scheme 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 DL transmissions, consider both the following two types of TX chain muting for potential enhancements.
· Type 1 TX chain muting: reducing the number of antenna ports while beam pattern is maintained.
· Type 2 TX chain muting: changing the beam pattern (i.e., antenna port virtualization) while the number of antenna ports is maintained.
Proposal 2: Consider both the following two CSI-RS antenna port scaling methods for DL CSI enhancements.
· Scheme 1: Multi-CSI report based on virtual CSI-RS muting
· Scheme 2: CSI report based on actual CSI-RS muting
Proposal 3: Based on RRC configuration, One CSI-RS resource can be associated with one or multiple CSI-RS AP sets, each CSI-RS AP set is a subset of the total antenna ports of the CSI-RS resource.
Proposal 4: A CSI-RS AP set that UE receives for a CSI-RS resource can be dynamically indicated (switched) by a DCI.
Proposal 5: For efficient signalling, a CSI-RS AP set (a subset of the CSI-RS resource) can be represented by (unmuted rows, unmuted columns) based on 2D CSI codebook structure.
Proposal 6: Discuss how to map a CSI-RS AP set (unmuted partial CSI-RS antenna ports) to the associated physical CSI-RS resource.
Proposal 7: 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.
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