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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In RAN4 #92 meeting, companies agreed a WF [1] and separated the discussions on switching delay and interruption times for UE maximal MIMO layers adaptation into 2 cases. For case 1, current BWP switch delay and interruption requirements for Type 1 and Type 2 UE are agreed to be reused. For case 2, in RAN4 #92Bis meeting, companies agreed to evaluate the performance of Type1 and Type2 switching delay based on the traffic model and RF architecture. 
In our previous paper [2], we already provided some evaluation results to compare the power saving gain and latency between Type 1 and Type 2 UE based on the agreed traffic model FTP3 in [3]. The following observations are provided: 1) The latency performance for UE adopting Type 1 switching delay is better than that for UE adopting Type 2 switching delay, 2) The power saving gain for UE adopting Type 1 switching delay is better than that for UE adopting Type 2 switching delay. However, it seems that we didn’t consider the slot-average power level, which is 50% of normal power consumption level, units during BWP transition time. In this paper, we provide the modified evaluation results and modified conclusions in Section 2. Besides, in Section 3, we also provide the evaluation results when other power saving related features are jointly considered. A summary is provided in Section 4. The simulation assumptions are listed in Appendix.   
2	Evaluation results consider only MIMO layer adaptation  
In this section, we compare the power saving gain and latency between Type 1 and Type 2 UE, using the power consumption and latency of UE without MIMO layer adaptation as the baseline. Here, the latency is defined as the time for gNB’s higher layer to collect all ACK feedback of one packets from UE. For each cases, the resource utilization (RU) rates are also shown to indicate the average number of scheduled PRBs over the number of total PRBs in each slot. In our evaluations, the packet size and arrival rate are varied with the DRX cycle length. Besides, the fixed data rate 20Mbps is assumed. The notations and units of DRX configurations and packet size are shown as follows:
· DRX (cycle length, on-duration length, inactivity timer length) [ms]
· Pkt [MBytes]
In FR1, assuming that only 1 CC is in use, the evaluation results of 15kHz and 30kHz SCSs are shown in Table 1 and Table 2, respectively. 
[bookmark: _Ref23783377]Table 1: Power saving gain and latency for Type 1 and Type 2 UEs in SCS 15kHz
	# of UEs/Cell = 10,
BWP timer = 3ms
Type-1: 1 slots, Type-2: 3 slots
	RU(%)
	RU Increment (w.r.t baseline)
	Latency (ms)
	Latency Increment (w.r.t baseline)
	Power Consumption (units)
	PS gain 
(w.r.t baseline)

	DRX(160, 5, 80)
Pkt =0.5
	Baseline
	27.78
	
	67.76
	
	44.92
	

	
	Type 1
	27.82
	0.14%
	67.99
	0.34%
	36.70
	18.30%

	
	Type 2
	27.49
	-1.04%
	70.64
	4.25%
	36.37
	19.03%

	DRX(80, 5, 40)
Pkt =0.25
	Baseline
	27.72
	
	33.12
	
	49.68
	

	
	Type 1
	27.91
	0.69%
	33.81
	2.08%
	41.44
	16.59%

	
	Type 2
	27.74
	0.07%
	35.60
	7.49%
	40.99
	17.49%

	DRX(40, 5, 20)
Pkt =0.125
	Baseline
	27.57
	
	15.84
	
	58.58
	

	
	Type 1
	27.64
	0.25%
	16.23
	2.46%
	49.68
	15.19%

	
	Type 2
	27.66
	0.33%
	17.79
	12.31%
	48.74
	16.58%

	DRX(20, 5, 10)
Pkt =0.0625
	Baseline
	27.08
	
	8.30
	
	73.11
	

	
	Type 1
	27.06
	-0.07%
	8.55
	3.01%
	62.92
	13.94%

	
	Type 2
	27.22
	0.52%
	10.11
	21.81%
	61.26
	16.21%



[bookmark: _Ref23783385]Table 2: Power saving gain and latency for Type 1 and Type 2 UEs in SCS 30kHz
	# of UEs/Cell = 10,
BWP timer = 3ms
Type-1: 1 slots, Type-2: 5 slots
	RU(%)
	RU Increment (w.r.t baseline)
	Latency (ms)
	Latency Increment (w.r.t baseline)
	Power Consumption (units)
	PS gain 
(w.r.t baseline)

	DRX(160, 5, 80)
Pkt =0.5
	Baseline
	29.47
	
	63.59
	
	45.29
	

	
	Type 1
	29.42
	-0.17%
	63.71
	0.19%
	37.37
	17.49%

	
	Type 2
	29.34
	-0.44%
	64.92
	2.09%
	37.29
	17.66%

	DRX(80, 5, 40)
Pkt =0.25
	Baseline
	30.14
	
	30.28
	
	50.11
	

	
	Type 1
	30.19
	0.17%
	31.08
	2.64%
	41.90
	16.38%

	
	Type 2
	30.17
	0.10%
	32.43
	7.10%
	41.75
	16.68%

	DRX(40, 5, 20)
Pkt =0.125
	Baseline
	30.40
	
	14.48
	
	58.50
	

	
	Type 1
	30.41
	0.03%
	15.25
	5.32%
	49.70
	15.04%

	
	Type 2
	30.50
	0.33%
	16.57
	14.43%
	49.23
	15.85%

	DRX(20, 5, 10)
Pkt =0.0625
	Baseline
	30.24
	
	6.60
	
	71.31
	

	
	Type 1
	30.24
	0%
	7.07
	7.12%
	61.22
	14.15%

	
	Type 2
	30.25
	0.03%
	8.24
	24.85%
	59.88
	16.03%



In FR2, assuming that 4 CCs are in use, the evaluation results of 120kHz are shown in Table 3. 
[bookmark: _Ref23783468]Table 3: Power saving gain and latency for Type 1 and Type 2 UEs in SCS 120kHz
	# of UEs/Cell = 10,
BWP timer = 1ms
Type-1: 6 slots, Type-2: 18 slots
	RU(%)
	RU Increment (w.r.t baseline)
	Latency (ms)
	Latency Increment (w.r.t baseline)
	Power Consumption (units)
	PS gain 
(w.r.t baseline)

	DRX(160, 5, 40)
Pkt =0.5
	Baseline
	8.34
	
	64.36
	
	120.56
	

	
	Type 1
	8.35
	0.12%
	64.97
	0.95%
	92.56
	23.22%

	
	Type 2
	8.34
	0%
	65.70
	2.08%
	91.90
	23.94%

	DRX(80, 5, 20)
Pkt =0.25
	Baseline
	8.45
	
	31.19
	
	131.55
	

	
	Type 1
	8.42
	-0.36%
	31.54
	1.12%
	101.64
	22.74%

	
	Type 2
	8.44
	-0.12%
	32.47
	4.10%
	100.41
	23.67%

	DRX(40, 5, 10)
Pkt =0.125
	Baseline
	8.30
	
	14.51
	
	152.77
	

	
	Type 1
	8.31
	0.12%
	14.96
	3.10%
	119.09
	22.05%

	
	Type 2
	8.26
	-0.48%
	15.92
	9.72%
	116.51
	23.74%

	DRX(20, 5, 5)
Pkt =0.0625
	Baseline
	8.42
	
	6.46
	
	192.82
	

	
	Type 1
	8.34
	-0.95%
	6.85
	6.04%
	151.19
	21.59%

	
	Type 2
	8.34
	-0.95%
	7.83
	21.21%
	146.37
	24.09%



According to above evaluation results, we can see that the latency performance for Type 1 UE is better than that for Type 2 UE. The difference can be up to 17.7% in FR1 and 15.2% in FR2. Besides, the power saving gain for Type 2 UE is slightly better than that for Type 1 UE. The difference can be up to 2% in FR1 and up to 2.5% in FR2. 
[bookmark: _Ref23800392][bookmark: _Ref31836701]Observation 1: The latency performance for Type 1 UE is better than that for Type 2 UE. The difference can be up to 17.7% in FR1 and 15.2% in FR2.
[bookmark: _Ref23800398][bookmark: _Ref31836705]Observation 2: The power saving gain for Type 2 UE is slightly better than that for Type 1 UE. The difference can be up to 2% in FR1 and up to 2.5% in FR2.

Above observations seem to reverse the conclusions we made in last meeting. As we mentioned in the abstract, we didn’t consider the slot-average power level during BWP transition time in our previous paper [2]. If we take it into account, according to the TR38.840 [3], the slot-average power level is 50 power units. This means that the power level during BWP transition time is lower than the power level when UE enters the power saving mode and applies the less MIMO layers, because of the scheduling restriction Figure 1 illustrates the power level variations of Type 1 UE and Type 2 UE. It is obvious that though the Type 2 UE can achieve the higher power saving gain, the longer BWP transition duration reduces the network scheduling flexibility.
[bookmark: _Ref31836540]Observation 3: The Type 2 UE can achieve the higher power saving gain due to longer period with scheduling restriction, which however reduces the network scheduling flexibility.

[image: ]
[bookmark: _Ref31825976]Figure 1: Power level variations of Typ1 UE and Type 2 UE

As we know, the long latency may impact the performance of some real time services, e.g., gaming or live video services, and the low scheduling opportunities make the Network deployment even more difficult. So we suggest that
[bookmark: _Ref23800481]Proposal 1: In Rel-16, Type 1 switching delay should be supported.

3	Evaluation results consider multiple power saving features 
As we know, in Rel-16, there exist some other power saving related features for Network to configure. However, so far there is no relevant SI or WI allocated for companies to discuss the overall impact. Therefore, in this section we would like to provide some evaluation results that jointly consider the MIMO layer adaptation, cross-slot scheduling and SCell dormancy behaviour.
In FR1, assuming that only 1 CC is in use and both MIMO layer adaptation and cross-slot scheduling are applied, the evaluation results of 15kHz and 30kHz SCSs are shown in Table 4 and Table 5, respectively. 
[bookmark: _Ref31833317][bookmark: _Ref525844622]Table 4: Power saving gain and latency for Type 1 and Type 2 UEs in SCS 15kHz
	# of UEs/Cell = 10,
BWP timer = 3ms
Type-1: 1 slots, Type-2: 3 slots
w. cross-slot scheduling
	RU(%)
	RU Increment (w.r.t baseline)
	Latency (ms)
	Latency Increment (w.r.t baseline)
	Power Consumption (units)
	PS gain 
(w.r.t baseline)

	DRX(160, 5, 80)
Pkt =0.5
	Baseline
	27.78
	
	67.76
	
	44.92
	

	
	Type 1
	27.82
	0.14%
	68.99
	1.82%

	31.90
	28.98%

	
	Type 2
	27.49
	-1.04%
	71.64
	5.73%

	31.84
	29.12%

	DRX(80, 5, 40)
Pkt =0.25
	Baseline
	27.72
	
	33.12
	
	49.68
	

	
	Type 1
	27.91
	0.69%
	34.81
	5.10%

	36.74
	26.06%

	
	Type 2
	27.74
	0.07%
	36.60
	10.51%

	36.79
	25.96%

	DRX(40, 5, 20)
Pkt =0.125
	Baseline
	27.57
	
	15.84
	
	58.58
	

	
	Type 1
	27.64
	0.25%
	17.23
	8.78%

	45.07
	23.06%

	
	Type 2
	27.66
	0.33%
	18.79
	18.62%

	45.04
	23.11%

	DRX(20, 5, 10)
Pkt =0.0625
	Baseline
	27.08
	
	8.30
	
	73.11
	

	
	Type 1
	27.06
	-0.07%
	9.55
	15.06%

	58.67
	19.75%

	
	Type 2
	27.22
	0.52%
	11.11
	33.86%

	58.53
	19.94%



[bookmark: _Ref31833325]Table 5: Power saving gain and latency for Type 1 and Type 2 UEs in SCS 30kHz
	# of UEs/Cell = 10,
BWP timer = 3ms
Type-1: 1 slots, Type-2: 5 slots
w. cross-slot scheduling
	RU(%)
	RU Increment (w.r.t baseline)
	Latency (ms)
	Latency Increment (w.r.t baseline)
	Power Consumption (units)
	PS gain 
(w.r.t baseline)

	DRX(160, 5, 80)
Pkt =0.5
	Baseline
	29.47
	
	63.59
	
	45.29
	

	
	Type 1
	29.42
	-0.17%
	64.71

	1.76%

	32.38
	28.51%

	
	Type 2
	29.34
	-0.44%
	65.92

	3.66%

	32.45
	28.35%

	DRX(80, 5, 40)
Pkt =0.25
	Baseline
	30.14
	
	30.28
	
	50.11
	

	
	Type 1
	30.19
	0.17%
	32.08

	5.94%

	36.93
	26.30%

	
	Type 2
	30.17
	0.10%
	33.43

	10.40%

	37.09
	25.98%

	DRX(40, 5, 20)
Pkt =0.125
	Baseline
	30.40
	
	14.48
	
	58.50
	

	
	Type 1
	30.41
	0.03%
	16.25

	12.22%

	44.76
	23.49%

	
	Type 2
	30.50
	0.33%
	17.57

	21.34%

	44.89
	23.26%

	DRX(20, 5, 10)
Pkt =0.0625
	Baseline
	30.24
	
	6.60
	
	71.31
	

	
	Type 1
	30.24
	0%
	8.07

	22.27%

	56.28
	21.08%

	
	Type 2
	30.25
	0.03%
	9.24

	40%

	56.09
	21.34%



In FR2, assuming that 4 CCs are in use and MIMO layer adaptation, cross-slot scheduling, and SCell dormancy behaviour are all applied, the evaluation results of 120kHz are shown in Table 6. 
[bookmark: _Ref31833402]Table 6: Power saving gain and latency for Type 1 and Type 2 UEs in SCS 120kHz
	# of UEs/Cell = 10,
BWP timer = 1ms
Type-1: 6 slots, Type-2: 18 slots
w. SCell dormancy + cross-slot
	RU(%)
	RU Increment (w.r.t baseline)
	Latency (ms)
	Latency Increment (w.r.t baseline)
	Power Consumption (units)
	PS gain 
(w.r.t baseline)

	DRX(160, 5, 40)
Pkt =0.5
	Baseline
	8.34
	
	64.36
	
	120.56
	

	
	Type 1
	8.35
	0.12%
	65.47

	1.72%

	41.78
	65.35%

	
	Type 2
	8.34
	0%
	66.10

	2.70%

	42.41
	64.82%

	DRX(80, 5, 20)
Pkt =0.25
	Baseline
	8.45
	
	31.19
	
	131.55
	

	
	Type 1
	8.42
	-0.36%
	32.04

	2.73%

	48.13
	63.41%

	
	Type 2
	8.44
	-0.12%
	32.97

	5.71%

	49.47
	62.39%

	DRX(40, 5, 10)
Pkt =0.125
	Baseline
	8.30
	
	14.51
	
	152.77
	

	
	Type 1
	8.31
	0.12%
	15.46

	6.55%

	60.25
	60.56%

	
	Type 2
	8.26
	-0.48%
	16.42

	13.16%

	62.46
	59.12%

	DRX(20, 5, 5)
Pkt =0.0625
	Baseline
	8.42
	
	6.46
	
	192.82
	

	
	Type 1
	8.34
	-0.95%
	7.35

	13.78%

	80.90
	58.04%

	
	Type 2
	8.34
	-0.95%
	8.33

	28.95%

	84.38
	56.24%



Based on the evaluation results, we can see that the power consumptions for Type 1 UE and Type 2 UE are almost the same when all power saving features are jointly considered. Besides, comparing with the Type 2 UE, the Type 1 UE has better latency performance and more scheduling opportunity.
[bookmark: _Ref31836547]Observation 4: Type 1 UE has similar power saving gain with Type 2 UE, whereas it has better latency performance and more scheduling opportunity when all power saving related features: MIMO layer adaptation, cross-slot scheduling, and SCell dormancy behaviour are jointly considered.

In RAN4 #93 meeting, 3 options for case 2 MIMO layer adaptation were considered as follows: 
	Option 1: Defining the type 1 requirements as minimum requirements for case 2 
Option 2: UE either meet Type 1 requirements for case 1 and case 2 or type 2 requirements for case 1 and case 2 
Option 3: Introduce the requirements based on UE capability



To our understanding, companies object option 3 because now there are too many UE capabilities in Rel-15 and Rel-16 already. It is too complicated for Network to handle so many different UE capabilities in the real field. However, from UE perspective, it is also possible that all power saving related features share the same UE capability and we already see the benefit from our evaluation results: When we compare the results with MIMO layer adaption only (Table 1, Table 2 and Table 3) with the results with all power saving features (Table 4, Table 5 and Table 6), we see up to 10% additional power saving gain in FR1 and 40% in FR2. 

[bookmark: _Ref32237401]Observation 5: There are up to 10% additional power saving gain in FR1 and 40% in FR2 when all power saving related features: MIMO layer adaptation, cross-slot scheduling, and SCell dormancy behaviour are jointly considered.
[bookmark: _Ref31836529]Proposal 2: Introduce one single new UE capability including all power saving related features that adopts BWP framework (MIMO layer adaptation, cross-slot scheduling, and SCell dormancy behaviour) in order to achieve the faster switching time, the better latency performance, and obtain more scheduling opportunity.
4	Summary 
In this contribution, we have the following observations:
Observation 1: The latency performance for Type 1 UE is better than that for Type 2 UE. The difference can be up to 17.7% in FR1 and 15.2% in FR2.
Observation 2: The power saving gain for Type 2 UE is slightly better than that for Type 1 UE. The difference can be up to 2% in FR1 and up to 2.5% in FR2.
Observation 3: The Type 2 UE can achieve the higher power saving gain due to longer period with scheduling restriction, which however reduces the network scheduling flexibility.
Observation 4: Type 1 UE has similar power saving gain with Type 2 UE, whereas it has better latency performance and more scheduling opportunity when all power saving related features: MIMO layer adaptation, cross-slot scheduling, and SCell dormancy behaviour are jointly considered.
Observation 5: There are up to 10% additional power saving gain in FR1 and 40% in FR2 when all power saving related features: MIMO layer adaptation, cross-slot scheduling, and SCell dormancy behaviour are jointly considered.
And we propose
Proposal 1: In Rel-16, Type 1 switching delay should be supported.
Proposal 2: 
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Appendix
The simulation settings used in our system level simulation assumptions 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
	15, 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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