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Introduction
At RAN1 #98 and RAN #85, some aspects related to UE Power Saving in NR were highlighted for further discussion [1], [2]. According to the conclusions from these meetings and further email discussions, the following was notes by RAN1 and RAN2:
	Agreements:
· Support per-DL-BWP configuration of maximum number of DL MIMO layers 
· Signalling details up to RAN2

Agreements:
· If maximum number of MIMO layers is configured for a BWP, the UE uses this value and ignores the cell-specific value provided in the PDSCH-ServingCellConfig IE, when operating in the BWP.




UE adaptation to maximum number of MIMO layers is a potential power saving scheme. Based on UE geometry and/or traffic condition/load and/or UE battery status, UE may not need to operate with all four RF chains active always. If UE can receive a signaling from the network of max #MIMO layers, UE may take this into account to operate with appropriate number of RF chains to save UE power. During study item phase, submitted results demonstrated the power saving benefit of MIMO layer adaptation. Dynamic adaptation of max #MIMO layers allows the UE to suitably control how many RF chains to keep in operation.
In this contribution, we describe our views on remaining aspects of UE adaptation to the max #MIMO layers.
Impact on LBRM operation
As was agreed on the RAN1#98 meeting, per-DL-BWP configuration is used for adaptation of maximum number of DL MIMO layers and signalling details are up to RAN2. The one of the remaining details that needs to be addressed is LBRM buffer size (TBSLBRM / RLBRM) that is used by the UE when operating in certain BWP. As can be seen from the RAN2 agreement in Section 1 or in [1], UE ignores the cell-specific value of max #MIMO layers and uses per-BWP configured value if it is configured. But as can be seen from Section 5.4.2.1 of [2], maximum number of layers supported by the UE for the serving cell is used for calculation of TBSLBRM. Thus, additional clarification is needed for that aspect.
As per combination of RAN1 and RAN2 agreements from the previous meeting, BWP-switching is used for MIMO layers adaptation and after each switching occasion, UE overrides previously used value of max #MIMO layers by the one configured for the current BWP. So, UE overwrites one RRC-configured value by another RRC-configured value and it is not possible to make any prioritization to easily solve this LBRM issue.
Moreover, without any clarification and specification change, value configured per serving cell cannot be used as common value for LBRM procedure for all BWP, because max #MIMO layers configured per BWP is not restricted to be less or equal to per-CC value. For example, if cell-specific value is configured as 2 and max #MIMO layers configured for certain BWP is 4, maximum TBS for PDSCH is limited to using 2 MIMO layers for UE while operating in that BWP.

Thus, there are two options to solve this issue:
1. Value of max #MIMO layers configured for the serving cell is used for LBRM procedure irrespective of whether per-BWP value is configured or not.
a. Corresponding capability signaling of per-CC maxLayersMIMO-Indication  from Section 4.7.2.10 of [3] has to be mandatory for UE supporting max #MIMO layers configuration per-BWP. In other case, Option 2 should be agreed.
b. Per-BWP value has to be less or equal to cell-specific maximum number of MIMO layers.
c. TBSLBRM (or LBRM buffer size) is constant for all BWPs and there are no dependency between TBSLBRM and per-BWP configured maximum number of MIMO layers.
2. TBSLBRM is calculated using maximum value of per-BWP maximum numbers of MIMO layers across all BWPs.

Impact on standardization process takes place for both of these options. At the same time, the Option 2 is more preferable in terms of flexibility of LBRM buffer size. It doesn’t provide any additional restriction on TBS for the UE and aligned with RAN2 agreement.
Proposal 1: Maximum value of maximum number of MIMO layers across all DL BWPs is used in the DL LBRM operation if per-BWP configuration is supported by the UE.
Indication of maximum number of MIMO layers outside Active time
As maximum number of MIMO layers was agreed to be configured per BWP, Rel15 mechanism of BWP switching by scheduling DCI during active time can be used to adapt maximum number of MIMO layers. The remaining point for discussion is indication outside Active time (in power saving signal/channel).
From our point of view, indication scheme outside active time should be similar to the indication inside Active time. UE adaptation to the max #MIMO layers is already agreed to be performed by BWP switching. So the most reasonable way is to support adaptation by power saving signal/channel before Active time using BWP indication in WUS.
Explicit signaling of value of max #MIMO layers in WUS cannot be supported, because UE has to use certain per-BWP configured value while operating in a certain BWP.
Observation 1: Adaptation outside active time by signaling of value of max #MIMO layers in WUS cannot be supported due to linkage between BWP index and max #MIMO layers for use after BWP switch.
Proposal 2: Max #MIMO layers adaptation by power saving signal/channel before Active time is only supported by BWP indication in power saving signal.
 Max #MIMO layers adaptation for UL non-codebook based MIMO transmission
Power saving by max #MIMO layers adaptation for any UL transmission can be achieved by using codebook based antenna selection, i.e. through direct support of turning off the unused transmitter chains in the precoder.
If non-codebook based precoding is configured, each SRS resource for non-codebook based precoding is transmitted by the UE using one antenna port with precoding transparent to gNB. gNB chooses the optimal precoding for PUSCH based on the channel measurements from multiple SRS resources. Such optimal precoding is reported by SRI field in DCI containing UL grant. SRI received for the certain UE MIMO layer should be used for the corresponding MIMO layer transmission.
Due to specific algorithm of choosing the optimal precoding based on the channel measurements, gNB is not aware what group of precoders supports turning off of the RF chains for UE power saving purpose and with high probability gNB choose precoder without zeros, i.e. with all RF chains enabled. Therefore, additional high layer signaling or UE indication is needed for indication of such groups.
Observation 2: gNB is not aware what group of precoders supports turning off the RF chains for UE power saving purpose if non-codebook based precoding is configured.
Observation 3: Max #MIMO layers adaptation for UL non-codebook based MIMO transmission needs additional signaling that is out of scope of Rel-16 UE Power Saving WI.
Conclusion 
In this contribution, we discussed our views on remaining aspects of UE adaptation to the max #MIMO layers. The observations and proposals are summarized below.
Observation 1: Adaptation outside active time by signaling of value of max #MIMO layers in WUS cannot be supported due to linkage between BWP index and max #MIMO layers for use after BWP switch.
Observation 2: gNB is not aware what group of precoders supports turning off the RF chains for UE power saving purpose if non-codebook based precoding is configured.
Observation 3: Max #MIMO layers adaptation for UL non-codebook based MIMO transmission needs developing of additional signaling/indication that is out of scope of Rel-16 UE Power Saving WI.
Proposal 1: Maximum value of maximum number of MIMO layers across all DL BWPs is used in the DL LBRM operation if per-BWP configuration is supported by the UE.
Proposal 2: Max #MIMO layers adaptation by power saving signal/channel before Active time is only supported by BWP indication in power saving signal.
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