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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, the feasibility of Type-1 BWP switch delay for BWP switching with change only in maximum number of MIMO layer is evaluated. And we also discuss the need of a new UE capability for faster switch delay when BWPs are changed without RF retuning.

Adaptation to the Maximum Number of MIMO Layers
According to the latest WI scope, adaptation to the maximum number of MIMO layers is realized via BWP switch. About 15% and 17% of power saving gain can be observed with BWP-based MIMO layer adaptation scheme in [2] according to TR 38.840 [3] in FR1 and FR2, respectively. However, BWP switch introduces switch delay, and 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 18-slot delay with SCS 120 kHz is intolerably long.

[bookmark: _Ref16540952][bookmark: _Ref16776587]Table 1: BWP switch delay (Subclause 8.6.2 of TS 38.133 [4])
	[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: _Ref21109562]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.

In RAN4 discussion [5], BWP-based MIMO layer adaptation involves the following two cases: 
· Case 1: switching the maximum number of MIMO layers with the change of the BWP center frequency, bandwidth, SCS, etc.
· Case 2: switching only the maximum number of MIMO layers 

In RAN4 #92bis meeting, it was agreed that no new switch delay requirements will be introduced for MIMO layer adaptation except for Type-1 and Type-2 BWP switch delay in both Case 1 and Case 2. However, the switch delay in Case 2 can be much shorter than that in Case1. According to the analysis in our companion contribution [6], Type-1 switch delay is achievable in Case 2. 

[bookmark: _Ref23952359]Observation 2: For BWP switching with the change only in maximum number of MIMO layer, Type-1 BWP switch delay can be achievable. 

Table 2 and Table 3 show the evaluation results for BWP-based MIMO layer adaptation in Case 2 with Type-1 and Type-2 BWP switch delay in FR1 and FR2, respectively. In the evaluations, we consider various DRX configurations corresponding to different packet sizes and data arrival rates in FTP traffic model. Given a fixed data rate of 20 Mbps, the shorter DRX cycle length is adopted to accommodate the faster packet arrival rate. As shown in Table 2 and Table 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. And the latency reductions for supporting Type-1 BWP switch delay are up to 16% and 14%, respectively.  The benefit of Type-1 BWP switch delay in UE data latency reduction is significant. It is helpful to achieve better user experience especially in latency-sensitive service, e.g., gaming or live video streaming. Thus, we suggest that UE can report its capability on whether to support Type-1 BWP switch delay for BWP switching with the change only in maximum number of MIMO layer.

[bookmark: _Ref23770860]Table 2: Metrics of BWP-based MIMO layer adaptation in Case 2 with Type-1 and Type-2 BWP switch delay in FR1 
	Metrics of 
Type-1 BWP switch
	DRX
(160, 5, 80)
	DRX
(80, 5, 40)
	DRX
(40, 5, 20)
	DRX
(20, 5, 10)

	RU (%)
	29.42
	30.19
	30.41
	30.24

	RU increment
(w.r.t. Type-2 switch delay)
	0.27%
	0.07%
	-0.30%
	-0.03%

	

	Latency (ms)
	63.71
	31.08
	15.25
	7.07

	Latency increment
(w.r.t. Type-2 switch delay)
	-1.86%
	-4.34%
	-8.66%
	-16.55%

	

	Power Consumption (units)
	37.21
	42.03
	50.40
	63.00

	PS gain
(w.r.t. Type-2 switch delay)
	0.96%
	1.67%
	2.44%
	2.71%










[bookmark: _Ref23799793]Table 3: Metrics of BWP-based MIMO layer adaptation in Case 2 with Type-1 and Type-2 BWP switch delay in FR2
	Metrics of 
Type-1 BWP switch
	DRX
(160, 5, 40)
	DRX
(80, 5, 20)
	DRX
(40, 5, 10)
	DRX
(20, 5, 5)

	RU (%)
	8.35
	8.42
	8.31
	8.34

	RU increment
(w.r.t. Type-2 switch delay)
	0.12%
	-0.24%
	0.6%
	0.0%

	

	Latency (ms)
	64.97
	31.54
	14.96
	6.85

	Latency increment
(w.r.t. Type-2 switch delay)
	-1.12%
	-2.95%
	-6.42%
	-14.31%

	

	Power Consumption (units)
	91.52
	102.43
	123.61
	163.55

	PS gain
(w.r.t. Type-2 switch delay)
	3.39%
	6.02%
	9.68%
	14.63%



[bookmark: _Ref23952361]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.

[bookmark: _Ref23952367]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.

On the whole, the BWP switching can be categorized into 2 types: BWP switching with and without RF retuning. For BWP switching with the change only in parameters like TDRA table for cross-slot scheduling, maximum number of MIMO layer and/or SCell dormancy including adaptations of PDCCH monitoring periodicity and CSI-RS configurations, RF retuning is not required, therefore, the BWP switch delay can be shorter. As shown in the evaluation results, shorter BWP switch delay is beneficial in reducing the data latency while keeping the power saving gain. However, in Rel-15, for UE capability report on BWP switch delay, it does not take whether RF retuning is required during BWP switching into account. UE can only report its capability based on the worst case, e.g., RF retuning is required during BWP switching. But, a UE supporting Type-2 switch delay may be capable of supporting Type-1 switch delay for BWP switching with the change only in those parameters without requiring RF retuning. The benefits cannot be realized in current UE capability design. Therefore, new UE capability should be introduced. To simplify the capability reporting, we propose only one capability of BWP switch delay is further reported by jointly considering those parameters without RF retuning during BWP switching. 

[bookmark: _Ref24152480]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.
 
[bookmark: _Ref24152491]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
[bookmark: _GoBack]
Conclusions
In this work, the feasibility of Type-1 BWP switch delay for BWP switching with change only in maximum number of MIMO layer is evaluated. And we also discuss the need of a new UE capability for faster switch delay when BWPs are changed without RF retuning. We then conclude the following observations and proposals:

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
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Appendix
The simulation settings used in evaluations are listed as follows:
· General Parameters:
	
	FTP/Video

	Model
	FTP model 3

	Packet size (Mbytes)
	0.5/0.25/0.125/0.0625/0.0313

	Mean inter-arrival time (ms)
	200/100/50/25/12.5



· Settings in different frequency ranges:

	Simulation parameters
	FR1
	FR2

	Carrier center frequency
	4 GHz
	30 GHz

	Subcarrier spacing
	30 kHz
	120 kHz

	Bandwidth (per CC)
	100MHz
	100MHz

	# of CC
	1
	4

	Channel model
	IMT2020 3D UMa
	IMT2020 3D UMa

	Deployment
	Dense Urban
	Dense Urban

	ISD
	200 m
	200 m

	# of BS Tx antennas
	32
	2

	# of UE Rx antennas
	4
	2

	MIMO scheme
	SU-MIMO
	SU-MIMO

	Max. # of HARQ RETX
	4
	4

	# of UEs/Cell
	10 (FTP/Video)
	10 (FTP/Video)
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