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Introduction
In RAN 84 meeting [1], it was agreed to further study the power saving techniques of UE adaptation to the max#ML.
	1)  Specify the power saving techniques of UE adaptation to the max#ML [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 max#ML 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



MIMO Layer adaptation
In general, UE will not expect to receive data with the number of MIMO layers larger than the max#ML configured by higher layer parameter. Since it is possible that network schedules number of layers larger than the rank reported by UE, UE should be ready for receiving based on max#ML always.
For UE power saving, it is necessary that the max#ML can be adjusted based on traffic arrival. When traffic arrival rate and rank reported by UE both are high, then a larger max#ML value could be applied. Otherwise, a smaller max#ML value could be applied, in which UE can operate at a lower clock frequency and/or load less memory buffer with low power consumption.

Configuration of max#ML
In RAN1#98, RAN1 agreed to support per-DL-BWP configuration of maximum number of DL MIMO layers. 
	Agreements:
· Support per-DL-BWP configuration of maximum number of DL MIMO layers 
· Signalling details up to RAN2



In order to achieve MIMO layer adaptation, the follow two alternatives on defining per-BWP MIMO layers configuration can be considered.
Alt 1: one BWP corresponds to one max#ML value.
Alt 2: one BWP corresponds to multiple max#ML values.
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]One BWP corresponds to one max#ML value
[bookmark: OLE_LINK3]For Alt1, BWP switching can be used to achieve max#ML adaptation, as shown in figure 1.



Figure 1: each BWP corresponds to a different max#ML value
In this case, no additional signaling is needed. However, since there are a total of 4 BWPs for one UE and the number of MIMO layers can be up to 8, the application of MIMO Layer adaptation based on BWP framework is limited by the number of BWP ID. 
From TS 38.213
	If a UE detects a DCI format 1_1 indicating an active DL BWP change for a cell, the UE is not required to receive or transmit in the cell during a time duration from the end of the third symbol of a slot where the UE receives the PDCCH that includes the DCI format 1_1 in a scheduling cell until the beginning of a slot indicated by the slot offset value of the time domain resource assignment field in the DCI format 1_1.
If a UE detects a DCI format 0_1 indicating an active UL BWP change for a cell, the UE is not required to receive or transmit in the cell during a time duration from the end of the third symbol of a slot where the UE receives the PDCCH that includes the DCI format 0_1 in the scheduling cell until the beginning of a slot indicated by the slot offset value of the time domain resource assignment field in the DCI format 0_1.


According to TS 38.213, when BWP switching happens, UE is not required to receive or transmit in serving cell during a time duration from the end of the third symbol of a slot in which the UE receives the BWP switching PDCCH until the beginning of a slot indicated by the slot offset value of TDRA field in the PDCCH. Furthermore, for non-serving cell, there can be an interruption time due to the RF adjustment. The following table shows the switching delay of BWP specified in R15 [2]. Therefore, BWP switch associated with MIMO layer adaptation by scheduling DCI will introduce serious scheduling interruptions.
Table 8.6.2-1: BWP switch delay
	[image: ]
	NR Slot length (ms)
	BWP switch delay TBWPswitchDelay (slots)

	
	
	Type 1Note 1
	Type 2Note 1

	0
	1
	1
	3

	1
	0.5
	2
	5

	2
	0.25
	3
	9

	3
	0.125
	6
	18

	Note 1:	Depends on UE capability.
Note 2:	If the BWP switch involves changing of SCS, the BWP switch delay is determined by the larger one between the SCS before BWP switch and the SCS after BWP switch.



[bookmark: OLE_LINK9]One BWP corresponds to multiple max#ML values
[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK1][bookmark: OLE_LINK2]For Alt2, BWP switching can be used to indicate the switching of different candidate sets of max#ML. The specific max#ML value within one BWP requires additional indication information to inform UE, such as scheduling DCI. For example, a BWP corresponds to one candidate set of max#ML which contains two different values, MIMO layer adaptation within the BWP needs 1 bit information in scheduling DCI. 
In this case, for one active DL BWP, the max#ML can be dynamically adjusted within the candidate set. BWP switching means changing of the candidate set of max#ML, as shown in the follow figure. Furthermore, the application of MIMO layer adaptation can be free from the number of BWP ID.


Figure 2: each BWP corresponds to multiple maximum number of MIMO layer values

Based on the above discussion, if support for MIMO layer adaptation within a DL active BWP, UE needs to be semi-statically configured with a candidate set of max#ML for one BWP. Furthermore, PDCCH-based power saving signal/channel, e.g., scheduling DCI can dynamically indicate the max#ML to achieve MIMO layer adaptation within a DL active BWP.

Indication of the max#ML
It was proposed in RAN1#98 that maximum number of MIMO layer adaptation by BWP switching before Active Time is supported.
	Proposals:
· Maximum number of MIMO layer adaptation by scheduling DCI in Active Time is supported.
· BWP switch associated with MIMO layer adaptation by scheduling DCI in Active Time is supported.
· FFS other indication by scheduling DCI
· Maximum number of MIMO layer adaptation by BWP switching before Active Time is supported.
· FFS details



[bookmark: OLE_LINK12][bookmark: OLE_LINK14]Maximum number of MIMO layer adaptation by BWP switching before Active Time means that BWP switch can be triggered by PDCCH based power saving signal and finished before DRX On-Duration. In this case, UE can complete BWP switching by using the offset between PS-PDCCH and On-duration, which may have no effect on data scheduling during active time if offset is large enough. However, since PDCCH based power saving signal outside Active time is designed as a GC-PDCCH, it is difficult to provide so many DCI bits to indicate BWP switching for each UE belonging to the group before Active Time. Furthermore, considering robustness and coverage, it is not advisable to design a lager DCI size for PDCCH based power saving signal outside the Active time.
Proposal 1: BWP switching in PDCCH based power saving signal/channel outside Active time needs further justified.

UE assistant information
In general, gNB does not know when a small max#ML value can be applied. Therefore UE can report its desired max#ML in UE assistance information.  
[bookmark: OLE_LINK13]For example, when UE is in low battery or low data rate services, UE can report a smaller max#ML value. With UE assistant information, gNB will give a suitable configuration of max#ML.
It was identified in RAN1 #95 that UE assistance information can be used to achieve MIMO layer adaptation and number of Rx antennas adaptation.
	Agreements:
The UE assistance information for the power saving schemes for further studies are as follows,

·  UE assistance information/feedback to assist network in configurations for UE adaptation
· UE preferred processing timeline parameters, e.g., K0, K1, K2 values
· UE preferred BWP information/configuration
· UE preferred antenna configuration, including MIMO layers, antenna panel awareness information
· UE assistance/feedback on the DRX configurations/parameters
· UE preferred BWP provided to assist network in BWP switching
· UE request on SCell/SCG activation/de-activation/configuration
· UE preferred PDCCH monitoring parameters/search space configuration/maximum number of blind decoding



There is one way to carry the identified UE assistance information, i.e. RRC. From TS 38.331, the existing UEAssistanceInformation IE as shown below can be considered as a reference to design UE assistance information on max#ML for power saving. Specific signaling can be designed by RAN2.
	2>	if the UE prefers to temporarily reduce the number of maximum MIMO layers of each serving cell operating on FR1:
3>	include reducedMaxMIMO-LayersFR1 in the OverheatingAssistance IE;
3>	set reducedMIMO-LayersFR1-DL to the number of maximum MIMO layers of each serving cell operating on FR1 the UE prefers to be temporarily configured in downlink;
3>	set reducedMIMO-LayersFR1-UL to the number of maximum MIMO layers of each serving cell operating on FR1 the UE prefers to be temporarily configured in uplink;
2>	if the UE prefers to temporarily reduce the number of maximum MIMO layers of each serving cell operating on FR2:
3>	include reducedMaxMIMO-LayersFR2 in the OverheatingAssistance IE;
3>	set reducedMIMO-LayersFR2-DL to the number of maximum MIMO layers of each serving cell operating on FR2 the UE prefers to be temporarily configured in downlink;
3>	set reducedMIMO-LayersFR2-UL to the number of maximum MIMO layers of each serving cell operating on FR2 the UE prefers to be temporarily configured in uplink;



Proposal 2: The existing UEAssistanceInformation IE can be considered as a reference to design UE assistance information on max#ML.
Antenna adaptation
It is known that more power would be consumed when more number of RF chains are used. In the power model discussion, it was agreed that in FR1 the power consumption of 2 Rx antennas is only 0.7 times of 4 Rx antennas. If the number of Rx antennas can be adapted, significant power saving gain can be obtained.
Antenna adaptation for PDSCH
As mentioned above, reducing RX antenna number can effectively save UE’s power. In general, the only limitation is that the number of Rx antennas needs to be greater than or equal to the number of MIMO layers for data reception. In practice, the antenna adaptation is up to UE implementation which is transparent to the network. Because of this, UE capability information elements in TS 38.331 do not include the number of Rx antennas, but include MIMO-Layers IE, as shown below.
	-- ASN1START
-- TAG-MIMO-LAYERS-START

MIMO-LayersDL ::=   ENUMERATED {twoLayers, fourLayers, eightLayers}

MIMO-LayersUL ::=   ENUMERATED {oneLayer, twoLayers, fourLayers}

-- TAG-MIMO-LAYERS-STOP
-- ASN1STOP



Proposal 3: The number of RX antennas for DL data reception is transparent to the network.
Antenna adaptation for PDCCH
In general, it is beneficial for UE to reduce the number of antennas for PDCCH reception. For example, UE can use only 2 Rx antennas to detect PDCCH when the channel quality is good enough. On the contrary, when the channel quality is bad, UE can switch to 4 Rx antennas for PDCCH reception. Therefore, the number of Rx antennas for PDCCH reception is UE's autonomous behavior, there is no standardization impact.
Observation 3: 	Limitation of the antennas number for PDCCH reception has no standardization impact.
UE assistant information
As with assistant information on MIMO layers, UE also can report its preferred number of Rx antennas. gNB may give a suitable configuration for UE based on assistant information on Rx antennas. For PDCCH reception, gNB can determine a suitable AL value for DCI transmission based on assistant information on the number of Rx antennas and channel quality, which is beneficial for Rx antenna adaptation. However, for PDSCH reception, due to assistant information on MIMO layers, it is not necessary for UE to report the number of Rx antennas.
Conclusion
As summary, we have the following proposals.
Proposal 1: BWP switching in PDCCH based power saving signal/channel outside Active time needs further justified.
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.
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