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1 Introduction
In RAN1#94bis, it was agreed to further study UE adaptation in antenna domain for potential power saving techniques. Specifically, the agreement lists the following potential items for further study [1]: 
· Antenna adaptation:

· Adaptation of number of panels/antenna with consideration of aspects, such as CSI measurements (for both Rx/Tx)

· Adaptation multi-antenna processing

In this contribution, we propose techniques for number of UE antenna panels adaptation and related procedures such as CSI report skipping.
2 Number of UE Antenna Panels Adaptation
In Rel-15 NR, when a gNB activates a subset of Transmission Configuration Indicator (TCI) states via Medium Access Control (MAC) Control Element (CE) from a set of radio resource control (RRC) configured TCI states for a UE, gNB may not have knowledge that which subset of TCI states are associated with a common UE antenna panel (i.e. which gNB beams are received with the common UE antenna panel). If the gNB activates the TCI states which are associated with multiple UE antenna panels, the UE may have to let the associated multiple UE antenna panels (and connected RF chains) remain turned on so that the UE can receive a PDSCH(s) based on dynamically indicated TCI state(s). 
In case that there is not much downlink (and/or uplink) data for the gNB to transmit to (and/or receive from) the UE and/or there are a number of gNB beams with good radio link qualities which can be received by one or a few number of UE antenna panels (e.g. there are many good quality radio links between one TRP and one UE antenna panel), it would be beneficial to have a mechanism that allows the UE to reduce the number of “turned on” antenna panels and to perform channel state information (CSI) reporting in the power saving mode differently than in the normal operation mode.
2.1 Indication of TCI state subsets in MAC CE
In order to allow a UE to turn off some of UE antenna panels, a set of TCI states activated by a network entity should be associated with one or a few UE antenna panels. Since the network entity does not have knowledge on association of a given beam of the network entity with a UE antenna panel at a given time, the UE can transmit an indication that a group or subset of TCI states are associated with a common UE antenna panel. 

Proposal 1: A set of TCI states activated by a network entity should be associated with one or a few UE antenna panels. The UE can transmit an indication of which subset of TCI states are associated with which common UE antenna panel.   
To reduce the signaling overhead, cascaded indication of TCI state subsets can be employed with the restriction that a given TCI state can be included only in one TCI state subset. For example, as shown in Figure 1, octet 2 – octet 5 in the MAC CE indicates two TCI state groups, a first group indicated by the Ti field set to "1" and a second group indicated by the Ti field set to "0".  Octet 6 – octet 9 together with octet 2 – octet 5 in the MAC CE indicate 4 TCI state subsets, where TCI state subset 1 and 2 belong to the first TCI state group and TCI state subset 3 and 4 belong to the second TCI state group. In octet 6 – octet 9, if the Ti field belonging to the first TCI state group is set to “1”, the TCI state with TCI-StateId i is included in TCI state subset 1. If the Ti field belonging to the first TCI state group is set to “0”, the TCI state with TCI-StateId i is included in TCI state subset 2. TCI states for TCI state subset 3 and 4 are also indicated in a similar way. With cascaded indication, the signalling overhead for indication of 4 TCI state subsets can be reduced by half.   
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Figure 1: TCI State Subsets indication for UE Power Saving MAC CE 

Proposal 2: To reduce the signaling overhead, cascaded indication of TCI state subsets in MAC CE can be employed with the restriction that a given TCI state can be included only in one TCI state subset.
MAC CE based UE’s recommendation for one or more subsets of TCI-states, where activation of TCI states selected from a given subset of TCI states enables UE power saving mode operation, has less signaling overhead and allows UE to frequently and quickly update the subset information, compared to a RRC-message based solution which includes a list of NZP-CSI-RS resource IDs (or SS/PBCH block IDs) or a list of TCI state IDs for a subset of TCI states. With UE’s rotation, UE’s receive antenna panel for a given gNB beam (equivalently, a given NZP-CSI-RS resource or a SS/PBCH block) and additionally UE’s transmit antenna panel associated with the given gNB beam (i.e. a downlink reference signal resource) may change frequently. Thus, low overhead and low latency signaling based on MAC CE would be beneficial. 
Proposal 3: MAC CE based UE’s recommendation for TCI-states subset, where activation of TCI states selected from a given subset of TCI states enables UE power saving mode operation, has less signaling overhead and allows UE to frequently and quickly update the subset information, compared to RRC-message based indication.
2.2 CSI report skipping
One way to activate power saving mode is by UE receiving an indication of power saving mode operation via dynamic (e.g. MAC CE or DCI) or semi-static (e.g. RRC) signaling. For example, one reserved bit in TCI States Activation/Deactivation for UE-specific PDSCH MAC CE can be used to indicate whether UE is operated in power saving mode or not. 

Proposal 4: To activate power saving mode, UE receives an indication of power saving mode operation via dynamic (e.g. MAC CE or DCI) or semi-static (e.g. RRC) signaling. 
In terms of CSI reporting, we believe that if a UE receives an indication of power saving mode operation, the UE should not take into account configured CSI resources for channel measurements which are associated with (or same as) DL RS in deactivated TCI states for some CSI estimation. In addition, the UE can skip some of CSI reporting such as PMI/CQI/RI/LI reports for those CSI resources, although a corresponding CSI reporting configuration includes PMI, CQI, RI, and/or LI reporting. For beam management purpose, the UE continuously measures L1-RSRP for the CSI resources same as DL RS in deactivated TCI states. For NZP-CSI-RS which are received by a deactivated UE antenna panel, gNB may continue transmitting the corresponding NZP-CSI-RS for other UEs in a cell. However, the UE does not compute detailed CSI information other than L1-RSRP for those NZP-CSI-RS (configured for channel measurements), since the DL beams associated with those NZP-CSI-RS will not be used immediately during UE power saving mode. 
Proposal 5: UE should not take into account configured CSI resources for channel measurements which are associated with deactivated TCI states for some CSI estimation. Furthermore, UE should skip some of the CSI reporting such as PMI/CQI/RI/LI reports.
In power saving mode operation, the UE can benefit from a longer CSI reporting periodicity for periodic or semi-persistent CSI reporting. For the resource set associated with the deactivated antenna panels, it is desired for UE to perform CSI measurements and reporting less frequently, i.e., with a longer periodicity than would be configured in a non-power saving mode, especially, in periodic and semi-persistent CSI report configurations. This allows for further power savings and allows UE to deactivate antenna panels for longer periods of time without needing to wake the deactivated panels up for measurements as frequently. 
Proposal 6: In power saving mode, UE can benefit from longer CSI reporting periodicity, especially for the CSI resource set associated with deactivated TCI states. 
3 Conclusion
In summary, we propose the followings for the adaptation of number of UE antenna panels for UE power saving:

· Proposal 1: A set of TCI states activated by a network entity should be associated with one or a few UE antenna panels. The UE can transmit an indication of which subset of TCI states are associated with which common UE antenna panel.   

· Proposal 2: To reduce the signaling overhead, cascaded indication of TCI state subsets can be employed with the restriction that a given TCI state can be included only in one TCI state subset.
· Proposal 3: MAC CE based UE’s recommendation for TCI-states subset, where activation of TCI states selected from a given subset of TCI states enables UE power saving mode operation, has less signaling overhead and allows UE to frequently and quickly update the subset information, compared to RRC-message based indication.
· Proposal 4: To activate power saving mode, UE receives an indication of power saving mode operation via dynamic (e.g. MAC CE or DCI) or semi-static (e.g. RRC) signaling. 

· Proposal 5: UE should not take into account configured CSI resources for channel measurements which are associated with deactivated TCI states for some CSI estimation. Furthermore, UE should skip some of the CSI reporting such as PMI/CQI/RI/LI reports.
· Proposal 6: In power saving mode, UE can benefit from longer CSI reporting periodicity, especially for the CSI resource set associated with deactivated TCI states. 
4 References
[1] “RAN1 Chairman’s Notes”, RAN1#94bis, Chengdu, China, October 2018.
2

