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Introduction
RAN-Plenary has agreed the following WID of the MIMO adaptation for power saving purpose,
1) Specify the power saving techniques of UE adaptation to the maximum number of MIMO layers [RAN1, RAN2, RAN4]
a) Specify configuration of a different MIMO layer configuration of the initial/default BWP compared with other BWPs of a Serving Cell.  [RAN2, RAN4]
i) Discuss whether to also extend this to define per-BWP MIMO layer configuration [RAN1, RAN2] 

b) Evaluate if switching and interruption times for UE dynamic adaptation to the maximum number of MIMO layers are needed and which case assuming a relationship between the number of RF ports and the MIMO layer configuration [RAN4]

NOTE: Switching on/off the RF is part of the evaluation
This contribution is a summary of the contributions from RAN1#98bis meeting.
Summary of the contributions
SRS antenna switching issue by Downlink MIMO layer adaptation
Some contributions mentioned [2] for some UE RF architecture, when the downlink Rx is adapted by MIMO layer adaptation, the corresponding UL Tx for SRS switching is restricted. E.g., The number of SRS antenna ports for each SRS resource in antenna switching scenario ‘4T=4R’ can be smaller than 4 in case of maximum number of MIMO layers for the corresponding BWP is smaller than 4.
A couple of proposals to related to this are as follows,

· Indicating the fallback capability for SRS antenna switching in the UE capability information message.
· UE reports preferred SRS switch configuration as UE assistant information, e.g., different preferred SRS switch configuration can be reported in case of different maximum number of DL MIMO layer, is supported.
· UE sends ZP at SRS port(s) mapped to the de-activated antenna(s). 
· The UE implicitly informs the gNB of the utilized SRS ports and SRS-Resources by following a predefined rule based on sounding the first port(s) in the SRS resource or first SRS-Resource(s) in the SRS-Resource set.
· …
One related SRS antenna switching proposal is proposedfor Rel-16 TEI [R1-1911853], which propose to introduce some new UE capabilities for the sake of downgrading SRS antenna switching from xTyR to aTbR (a<=x, b<=y).

Possible Propossal:
Considering the tight connection between this issue and Rel-16 TEI. It is suggested to wait for the outcome of Rel-16 TEI discussion first.
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Clarifications for maxRank and max #ML 

ZTE thinks that if the per-BWP maximum number of DL MIMO layers is configured, the rank values restricted by the rank indicator restriction configured for one BWP should be equal to or lower than the maximum number of DL MIMO layers configured for the BWP.

Proposal: the rank values restricted by the rank indicator restriction configured for one BWP should be equal to or lower than the maximum number of DL MIMO layers configured for the BWP

CSI and QCL issues
CSI issues: 
ZTE Observation 1: If the per-BWP maximum number of DL MIMO layers is limited, the RI/PMI/CQI in a CSI reporting should be restricted to significantly reduce power consumption and computation complexity for CSI measurement .

[Samsung ]Somecompanies thinks to avoid such CSI mismatch problem, it needs to be clarified that whether the dynamic adaptation of Lmax can imply the adaptation of the number of active antenna related elements or not. If yes, for gNB and UE to have the same understanding on antenna adaptation for CSI measurement, antenna adaptation related parameter needs to be incorporated into the CSI framework.

[LGE]Support UE’s CSI feedback based on candidate number(s) of maximum DL MIMO layers which is(are) different from that configured for the current activated BWP, for the purpose of dynamic adaptation of the UE’s DL MIMO configuration.

However,
[Moto] No CQI/PMI enhancement due to adaptation to maximum number of MIMO layers seems necessary in Rel-16.
[QC] Adaptation of the number of receive antennas based on the per-BWP max number of MIMO layers is up to UE’s implementation. When the UE adapts its number of active antennas, it uses the reduced #antennas for CSI measurements, PDCCH monitoring and PDSCH reception.
[Nokia] It is good to note that in context of Rel-15, if the cell level configuration by maxMIMO-Layers (in PDSCH-ServingCellConfig) would have been below the maximum from UE capability perspective, UE would have been able to adjusts it RX antenna configuration dynamically e.g. based observed signal quality to optimize the power consumption.
Further clarification and discussion is needed.


QCL issue

[Samsung]
Proposal 2: The UE performs measurement and report for the SS/PBCH with default antenna assumption based on its capability signaling.
Proposal 3: Measurement gap for SS/PBCH measurement should take into account antenna switching delay.
Observation 1: If UE’s antenna assumption for a SS/PBCH reception is different from that for a reference RS reception which associated with the SS/PBCH in QCL-TypeD, QCL mismatch problem can be happened. 
Observation 2: QCL-TypeD mismatch problem is more critical for the case of small-to-large antenna adaptation than the case of large-to-small antenna adaptation.
Further clarification and discussion is needed.
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UE assistant information
Companies propose the followings,
· Spreadtrum thinks that the existing UEAssistanceInformation IE can be considered as a reference to design UE assistance information on max#ML.

· Apple has the observation that reducedMaxMIMO-LayersFRx is not useful information for UE power saving since it corresponds to the max layer across all BWPs and all serving cells in FRx. The max layer is typically used when UE needs high data rate which is not the situation where UE expect saving power. Apple proposed UE assistance information includes UE preferred per BWP MIMO layer indication.

· Nokia thinks RAN2 has agreed to use similar approach as for overheating assistance in Rel-15 to provide assistance information on UE power saving aspects. I.e. the maximum number of MIMO layers DL/UL (FR1 and FR2) from Rel-15 overheatingAssistance I.E is re-used for power saving. Thus there is no further need to consider UE assistance information for DL MIMO layers in RAN1.


Considering RAN2 has agreed similar approach for UE assistant information for maximum number of MIMO layers from UE power saving purpose, it is suggested not to discuss this again here.
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Shorter BWP switching delay for MIMO layer adaptation
[MTK]
Compared to Type-2 BWP switch delay, [3] provides results from power saving gain, latency perspective when the latency reductions for supporting Type-1 BWP switch delay.

RAN4 can specify shorter BWP switch delay, e.g., type-1 BWP switch delay, for MIMO layer adaptation if only the maximum number of MIMO layers is adapted. –vivo


Proposal 1: Introduce a new UE capability of BWP switch delay for BWP switching with the change only in those parameters without requiring RF retuning. Only one capability is reported for the package of parameters, including  -MediaTek
· Maximum number of MIMO layer
· SCell dormancy transition including adaptations in PDCCH monitoring periodicity and CSI-RS configurations
· TDRA table for cross-slot scheduling

[Spreadtrum]
Shortening the BWP switching delay for switching instances without the change of some parameters, e.g., BW, SCS, frequency should be considered.
[Ericsson]
Regarding switching delay and other aspects related to UE assistance, etc, our understanding is that other working groups (RAN4 and RAN2) are discussing them and it is preferable to not discuss those aspects also in RAN1. 

FL Proposal: BWP switching delay for MIMO layer adaptation is suggested to be handled in RAN 4

Indication of the max#M.L.

For outside Active Time, some companies thinks it is possible to indicate UE to switch the max#ML by power saving signal/channel - vivo,  Intel

Possible Proposals:
Support BWP switch at least for maximum number of MIMO layer adaptation by power saving signal/channel outside Active Time
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Other proposals
Decouple of DL adaptation and UL BWP switching in TDD.  For TDD, DL BWP is switched accompanied with UL BWP switching and vice versa DL traffic may not be necessary enough to switch from 2Rx to 4Rx when receiving an UL grant.
Supported: vivo

Offline proposal
The capability of Rel-16 per-BWP configuration of maximum number of MIMO layers is indicated only when the Rel-15 maxLayersMIMO-Indication capability is indicated.

Discuss mechanisms to minimize interruption to URLLC operation on a serving cell due to BWP switching on another serving cell
Supported: Motorola Mobility, Lenovo 

Proposal 2: Either reporting UE capability or defining fallback rules in the specification can resolve the issue with respective to the fallback capability of coherent transmission for the reduced maximum UL MIMO layers when UE supports four Layers and partialCoherent.
Supported: Huawei, Hisilicon -> Suggest to be treated in MIMO
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Summary of the proposals
Offline proposal:

The capability of Rel-16 per-BWP configuration of maximum number of MIMO layers is indicated only when the Rel-15 maxLayersMIMO-Indication capability is indicated.


Proposals from companies’ contributions
	R1-1911927	On UE Adaptation to Maximum Number of MIMO Layer	ZTE

	[bookmark: OLE_LINK4]Observation 1: If the per-BWP maximum number of DL MIMO layers is limited, the RI/PMI/CQI in a CSI reporting should be restricted to significantly reduce power consumption and computation complexity for CSI measurement.
Observation 2: The maximum number of DL MIMO layers for a dormant BWP could be reduced for UE power saving.
Observation 3: The maximum number of DL MIMO layers for the default/initial BWP could be reduced for UE power saving.
[bookmark: OLE_LINK5]Proposal 1: If the per-BWP maximum number of DL MIMO layers is configured, the rank values restricted by the rank indicator restriction configured for one BWP should be equal to or lower than the maximum number of DL MIMO layers configured for the BWP.


	R1-1912051	Remaining aspects of maximum number of MIMO layers	vivo

	Proposal 1: UE reports preferred SRS switch configuration as UE assistant information, e.g., different preferred SRS switch configuration can be reported in case of different maximum number of DL MIMO layer, is supported.
Proposal 2: The application delay for the case only the number of max#M.L. is changed in the BWP before and after max#M.L. adaptation can be considered to be shorter than normal BWP switching.
Proposal 3: Support power saving signal/channel implicitly adapts MIMO layer by BWP switching

	R1-1912097	Adaptation of maximum number of MIMO layers	MediaTek Inc.

	Observation 1: Maximum number of MIMO layers adaptation via BWP switch introduces data interruption, and the impact is more severe in higher SCS. How to avoid or alleviate the impact should be studied.
Observation 2: For BWP switching with the change only in maximum number of MIMO layer, Type-1 BWP switch delay can be achievable. 
Observation 3: Compared to Type-2 BWP switch delay, the power saving gains for supporting Type-1 BWP switch delay are up to 2% and 14% in FR1 and FR2, respectively.
Observation 4: Compared to Type-2 BWP switch delay, the latency reductions for supporting Type-1 BWP switch delay are up to 16% and 14%, respectively. The significant latency reduction is helpful to achieve better user experience especially in latency-sensitive services.
Observation 5: The BWP switching can be categorized into 2 types: BWP switching with and without RF retuning. When RF retuning is not required, the BWP switch delay can be shorter and the data latency can be improved significantly. However, in current design of UE capability report, the BWP switching with change only in parameters without requiring RF retuning is not considered. Therefore, for UE supporting Type-2 BWP switch delay but can achieve Type-1 switch delay for BWP switching without requiring RF retuning, the benefits of faster BWP switch delay cannot be realized.
Proposal 1: Introduce a new UE capability of BWP switch delay for BWP switching with the change only in those parameters without requiring RF retuning. Only one capability is reported for the package of parameters, including
· Maximum number of MIMO layer
· SCell dormancy transition including adaptations in PDCCH monitoring periodicity and CSI-RS configurations
TDRA table for cross-slot scheduling

	R1-1912227	Discussion on UE adaptation to maximum number of MIMO layers	Intel Corporation

	Observation 1: SRS antenna switching issue due to adaptation of max #MIMO layers can be handled by the UE implementation.
Proposal 1: It is up to UE implementation how to handle SRS antenna switching issue when it appears due to turning off some RF chains for adaptation of max #MIMO layers.
Proposal 2: Include BWP indication to the DCI with CRC scrambled by PS-RNTI to support UE adaptation of the max #MIMO layers.

	R1-1912406	Discussion on UE adaptation to maximum number of MIMO layers	LG Electronics

	Observation 1
Reducing maximum number of DL MIMO layers may not guarantee the UE can reduce its number of active RX antenna ports or how many RX antenna ports it can deactivate since the UE doesn’t know what the network’s target performance for DL reception is.
Observation 2
Network may not be able to decide whether/how it should adapt the UE’s maximum number of DL MIMO layers, without knowing what the UE’s DL reception performance will be after adapting the maximum number of MIMO layers.
Proposal 1
Support UE’s CSI feedback based on candidate number(s) of maximum DL MIMO layers which is(are) different from that configured for the current activated BWP, for the purpose of dynamic adaptation of the UE’s DL MIMO configuration.

	R1-1912488	UE adaptation to maximum number of MIMO layers	Samsung

	Proposal 1: Introduce an antenna adaptation related parameter into CSI framework to avoid CSI mismatch.
Proposal 2: The UE performs measurement and report for the SS/PBCH with default antenna assumption based on its capability signaling.
Proposal 3: Measurement gap for SS/PBCH measurement should take into account antenna switching delay.
Observation 1: If UE’s antenna assumption for a SS/PBCH reception is different from that for a reference RS reception which associated with the SS/PBCH in QCL-TypeD, QCL mismatch problem can be happened. 
Observation 2: QCL-TypeD mismatch problem is more critical for the case of small-to-large antenna adaptation than the case of large-to-small antenna adaptation.


	R1-1912569	Consideration on UE adaptation to maximum number of MIMO layers	Spreadtrum Communications

	[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Proposal 1: The delay of BWP switch associated with MIMO layer adaptation should be further discussed.
Proposal 2: The existing UEAssistanceInformation IE can be considered as a reference to design UE assistance information on max#ML.
Proposal 3: The number of RX antennas for DL data reception is transparent to the network.


	R1-1912782	Remaining aspects of MIMO layers configuration per BWP	Ericsson

	Observation 1	For a UE configured with a given number of maximum MIMO layers per BWP it would be up to UE implementation as to how it meets radio performance requirements, typically specified by RAN4.

Proposal 1	The capability of per-BWP configuration of maximum number of MIMO layers is dependent on that the Rel-15 maxLayersMIMO-Indication capability is supported.

	R1-1912829	Maximum MIMO layer adaptation for UE power saving	Apple Inc.

	Proposal 1
· DL Max MIMO layer switching is performed via BWP switching only with different BWPs configured with different MIMO layers.
· No additional L1 signal inside/outside Active Time is introduced to change max MIMO layer in an active BWP.
Observation 1: reducedMaxMIMO-LayersFRx is not useful information for UE power saving since it corresponds to the max layer across all BWPs and all serving cells in FRx. The max layer is typically used when UE needs high data rate which is not the situation where UE expect saving power.
Proposal 2 : UE assistance information includes UE preferred per BWP MIMO layer indication.

	R1-1912857	UE adaptation to maximum number of MIMO layers	Motorola Mobility, Lenovo

	Proposal 1: It is up to UE implementation how to adapt the number of Rx antennas based on the maximum number of MIMO layers.
Proposal 2: The number of SRS antenna ports for each SRS resource in antenna switching scenario ‘4T=4R’ can be smaller than 4 in case of maximum number of MIMO layers for the corresponding BWP is smaller than 4.
Proposal 3: Discuss mechanisms to minimize interruption to URLLC operation on a serving cell due to BWP switching on another serving cell  
Observation 1: No CQI/PMI enhancement due to adaptation to maximum number of MIMO layers seems necessary in Rel-16.

	R1-1912916	UE dynamic adaptation to the maximum number of MIMO layer	Huawei, HiSilicon

	Observation 1: From the UE side, if only the MIMO layers is reduced but the SRS antenna switching capability are still be high, little power waving gain can be expected.
Observation 2: From the network side, the SRS resources can be saved if the network configures reduced SRS antenna switching along with the reduced maximum MIMO layers.
Observation 3: On the BWP with reduced maximum MIMO layers configuration, in order to achieve the power saving gain, the gNB needs to configure the SRS resource set for usage of ‘antennaSwitching’ properly.
Observation 4: For the UE supports fourLayers for UL and supports partialCoherent, if the UE transmits via two antenna ports for the reduced maximum MIMO layers, the coherent capability for the two antenna ports may be misaligned between the UE and the network. If the UE’s fallback coherent capability can be aligned with the gNB, the performance can be improved.
Proposal 1: When adapting to the maximum DL MIMO layers, one of the following ways of SRS antenna switching should be supported:
· Alt 1: Indicating the fallback capability for SRS antenna switching in the UE capability information message.
· Alt 2: Indicating the reduced SRS antenna switching along with reporting the reduced MIMO layers in the UE assistance information message.
Proposal 2: Either reporting UE capability or defining fallback rules in the specification can resolve the issue with respective to the fallback capability of coherent transmission for the reduced maximum UL MIMO layers when UE supports four Layers and partialCoherent.


	R1-1912972	Adaptation of maximum number of MIMO layers	Qualcomm Incorporated

	Observation 1: To exploit the UL and DL channel reciprocity when the UE adapts the number of receive antennas as it switches to a BWP with reduced number of maximum DL layers, the UE should sound the antenna ports mapped only to the active received antennas.
Proposal 1: The UE by implementation sends ZP at SRS port(s) mapped to the de-activated antenna(s).

Proposal 2: The UE implicitly informs the gNB of the utilized SRS ports and SRS-Resources by following a predefined rule based on sounding the first port(s) in the SRS resource or first SRS-Resource(s) in the SRS-Resource set.
Observation 2: Adaptation of the number of receive antennas based on the per-BWP max number of MIMO layers is up to UE’s implementation.
Observation 3: When the UE adapts its number of active antennas, it uses the reduced #antennas for CSI measurements, PDCCH monitoring and PDSCH reception.


	R1-1913113	On open issues for per-BWP DL MIMO layers	Nokia, Nokia Shanghai Bell

	Observation: Adaptation of the number of receive antennas is up to UE’s implementation as long as UE meets the set requirements.
Observation: the aspects related to UE RX beam selection/adjustment based on the BWP change with DL MIMO layer adaptation are subject to UE implementation as long as UE meets the set requirements.  
Observation: CSI-reporting behaviour does not seem to require changes due to per-DL-BWP configuration  maximum number of DL MIMO layers
Observation: There would not appear to be a need to change the ‘Antenna ports’ field size definition for DCI format 1_1 due to BWP specific DL MIMO layers parameter.
Observation: Based on RAN2 agreements, there is no further need to consider UE assistance information for DL MIMO layers in RAN1.


	

	

	

	

	

	

	

	

	

	



[bookmark: _Toc529948046]Summary of the previous agreements
RAN WG1#98, Prague
	Agreements:
· Support per-DL-BWP configuration of maximum number of DL MIMO layers 
· Signalling details up to RAN2




[bookmark: _Toc529948047]Work Item Description
NR_UE_pow_sav-Core; WID in RP-191607. The objectives are as follows
	The objective is to specify the UE power saving techniques with UE adaption in achieving UE power saving.  The power saving technique should address latency and performance in NR as well as network impact.  The objective of the UE power saving includes the following,

2) Specify power saving techniques with PDCCH-based power saving signal/channel triggering UE adaptation in RRC_CONNECTED mode [RAN1, RAN2, RAN4] 

a) Specify procedures triggering a MAC entity to “wake up” to monitor PDCCH at reception of the PDCCH-based power saving signal/channel for the next occurrence(s) of the drx-onDurationTimer [RAN2, RAN1]

NOTE: Any change of PDCCH channel coding and payload interleaver is not in the scope

b) Specify the procedure of cross-slot scheduling power saving techniques  [RAN1, RAN4]

NOTE: The procedure is in addition to Rel-15 cross-slot scheduling procedure

3) Specify the power saving techniques of UE adaptation to the maximum number of MIMO layers [RAN1, RAN2, RAN4]
a) Specify configuration of a different MIMO layer configuration of the initial/default BWP compared with other BWPs of a Serving Cell.  [RAN2, RAN4]
i) Discuss whether to also extend this to define per-BWP MIMO layer configuration [RAN1, RAN2] 

b) Evaluate if switching and interruption times for UE dynamic adaptation to the maximum number of MIMO layers are needed and which case assuming a relationship between the number of RF ports and the MIMO layer configuration [RAN4]

NOTE: Switching on/off the RF is part of the evaluation

4) Specify a mechanism for a UE to indicate its preference of transitioning out of RRC_CONNECTED state. [RAN2]

5) Specify, if agreed, the mechanism to provide UE assistance information [RAN2, RAN1]:
· Study and select among the following UE assistance information for RAN2 by RAN#85:
power preferred information (baseline LTE PPI in a well-defined manner) and UE's preference on C-DRX, BWP and SCell configuration [RAN2].
NOTE: additional UE assistance information for RAN1-specific power saving techniques to indicate what setting of parameters related to this Work Item will lead to power savings for the UE can be included if agreed in RAN1.  

6) Specify network-configured mechanism to relax intra and inter-frequency RRM measurement for neighbour cells for RRC_IDLE/INACTIVE with minimal mobility performance impacts [RAN2, RAN4]
a) [bookmark: _Hlk10649837]Specify RRM measurement relaxation by allowing measurements with longer intervals, and/or by reducing the number of cells/carriers to be measured [RAN4, RAN2]
b) Define triggering criteria for the UE to move between relaxed and normal RRM measurements, that considers at least if UE is not at cell edge, or if UE is stationary or with low mobility [RAN2, RAN4].
i) Evaluate and specify requirements (if needed) depending on RAN2 criteria [ RAN4]

NOTE: No new measurement quantities should be introduced 
Note: 
The following objective may be considered in RAN#85 pending progress on SCell dormant behaviour and will be re-evaluated in RAN#85
· Study and specify (if agreed) power saving techniques to reduce PDCCH monitoring on activated SCells for CA and DC (EN-DC in particular).  
· Solutions (e.g. power saving signal/channel, enhancing Rel-15 DRX procedure) are to be discussed
· Enhancements to Rel-15 DRX procedure can be studied further if they do not violate the general principle of single DRX configuration per MAC entity
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