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Introduction
In RAN Plenary meeting #84, the following scope was agreed for Rel-16 UE power saving WI [1]:

	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



In this contribution, we discuss the adaptation of maximum number of MIMO layers. When maximum number of MIMO layer is adapted by BWP framework, the data interruption time will be introduced due to BWP switch. And the scheduling flexibility will be reduced as well. In this work, we propose two approaches to resolve this issue.

Adaptation to the Maximum Number of MIMO Layers
When there is no downlink data intended for a UE or the data packet size is small, it is beneficial to switch some RX antennas to power saving state. A UE should keep the minimum number of RX antenna equal to the maximum number of MIMO layers. Thus, the adaptation of maximum number of MIMO layers allows UE to adjust the RX antenna number for power saving. The adaptation should be dynamic to accommodate to different traffic characteristics. According to the latest WI scope, it can specify configuration of a different MIMO layer configuration of the initial/default BWP compared with other BWPs. Therefore, the dynamic adaptation of maximum MIMO layer number can be realized via BWP switch.

[image: ]
[bookmark: _Ref16715606]Figure 1: Illustration of maximum MIMO layer number adaptation via BWP switch

Figure 1illustrates the adaptation of maximum number of MIMO layer based on BWP framework. The UE is switched to the BWP with maximum MIMO layer number equal to 4 whenever there is data arrival. And falls back to initial/default BWP with maximum MIMO layer number no larger than 2 if BWP timer expires. The benefits of triggering adaptation by BWP framework including:
· Minimized control channel resource overhead: When there is no data, there is no need of PDCCH. Even when UE is in standby with only 2 RX antennas, there is no need to send PDCCH of larger aggregation level. The only required PDCCH is for switching BWP, and the resource cost can be minimized if there is a compact dedicated DCI dedicated BWP switching. In this regard, the concern on extra control channel overhead due to reduced UE RX antenna number can be minimized.
· Minimized impact to spectral efficiency: When there is data, UE is indicated to support 4-layer transmissions and there is no spectral efficiency loss. Even considering A-CSI reporting after switching back to 4-layer BWP, the latency impact is only to the first few packets and, in average, the increment can be within 5%. If pipeline transmission is considered, the data rate averaged over a DRX period remains the same, meaning no compromise in the average link throughput.

According to TR 38.840 [3], the power saving gains for adaptation of maximum number of MIMO layer are about 15% and 17% in FR1 and FR2, respectively. However, the adaptation based on BWP switch leads to switch delay. The delay can result in data interruption and affect the scheduling flexibility. As subcarrier spacing increases, such delay becomes longer and the impact becomes more severe. For example, as shown in Table 1, the delay is 18 slots in SCS 120 kHz. It is very long and intolerable.

[bookmark: _Ref16605461][bookmark: _Ref16677209]Observation 1: Adaptation of maximum number of MIMO layers may lead to data interruption, and the number of affected slots becomes larger with higher SCS.

[bookmark: _Ref16540952][bookmark: _Ref16776587]Table 1: BWP switch delay (Subclause 8.6.2 of TS 38.133 [4])
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	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.



Triggering the adaptation of maximum MIMO layer number before DRX OnDuration can avoid the data interruption. When BWP switch can take place before DRX OnDuration, the data interruption due to BWP switch is avoided because the switching is finished before data scheduling. The power saving signal/channel can be used to realize this by carrying BWP index. Table 2 provides the evaluation results for different timing of adaptation triggering. Compared to Rel-15 DCI-based BWP switch, BWP switch triggered by power saving signal/channel can reduce 6.8% of latency and achieve 10.8% of power saving gain in FR2 since UE is able to finish packet transmission and return to power saving state faster.









[bookmark: _Ref16785728]Table 2: Evaluation results of adaptation on maximum MIMO layer number
	Metric
	(Baseline)
Dynamic switching
after On-Duration
	Dynamic switching
after power saving signal

	Power consumption  
(relative unit)
	53.70
	[bookmark: _GoBack]47.91

	Power saving ratio 
(w.r.t. baseline)
	
0%
	10.78%

	

	Latency (ms)
	73.51
	68.51

	Latency increment 
(w.r.t. baseline)
	0%
	-6.80%

	

	RU (%)
	8.32
	8.29

	RU increment (w.r.t. baseline)
	0%
	-0.36%


· Note: The DRX used in this setting is (Long Cycle, On-Duration length, Inactivity timer length) = (160, 4, 8) ms with short cycle already included for power saving enhancement and (Short Cycle, Short Cycle timer) = (20 ms, 2); power saving signal is introduced and placed before DRX On-Duration by 8-ms.
· FTP/video traffic

[bookmark: _Ref16786605][bookmark: _Ref16903483]Observation 2: For the adaptation of max. MIMO layer number based on BWP framework, compared to Rel-15 DCI-based BWP switch, BWP switch triggered by power saving signal/channel before DRX OnDuration can reduce 6.8% of latency and achieve 10.8% of power saving gain in FR2.

[bookmark: _Ref16589877]Proposal 1: BWP switch can be triggered by power saving signal/channel and finished before DRX On-Duration.

If the power saving signal/channel is not configured or the adaptation of maximum MIMO layer number takes place during Active Time, the effect of BWP switch delay is inevitable. In this case, we propose to reduce the switch delay in Table 1. Our companion contribution [5] analyse the required switch delay for only adapting the MIMO layer. Table 3 lists the suggested switch delays in different SCS. It can be observed that the switch delay can be much shorter than that in Table 1, therefore, the impact of the switch delay due to MIMO layer adaptation within Active Time can be alleviated. 

Table 3: Required switch delay for Rel-16 dynamic adaptation to the maximum number of MIMO layers in an active serving cell
	 (SCS = )
	NR Slot length (ms)
	MIMO switch delay TMIMOswitchDelay (slots)*

	0
	1
	1

	1
	0.5
	2

	2
	0.25
	4

	3
	0.125
	6

	*Rel-15 per-CC maximum number of MIMO layers is not changed by the dynamic adaptation



[bookmark: _Ref16604826]Proposal 2: RAN4 can specify shorter BWP switch delay for MIMO layer adaptation during Active Time.
 Conclusions
In this contribution, we observe that potential data interruption is introduced when a UE is adapting the maximum number of MIMO layers based on BWP framework. Two possibilities to tackle with the problem are also discussed and we conclude the following observations and proposals:

Observation 1: Adaptation of maximum number of MIMO layers may lead to data interruption, and the number of affected slots becomes larger with higher SCS.

Observation 2: For the adaptation of max. MIMO layer number based on BWP framework, compared to Rel-15 DCI-based BWP switch, BWP switch triggered by power saving signal/channel before DRX OnDuration can reduce 6.8% of latency and achieve 10.8% of power saving gain in FR2.

Proposal 1: BWP switch can be triggered by power saving signal/channel and finished before DRX On-Duration.

Proposal 2: RAN4 can specify shorter BWP switch delay for MIMO layer adaptation during Active Time.
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