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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#86, the introduction of UE power savings for NR Rel-16 was approved [1][2]. However, some remaining issues for Rel-16 power saving need further discussion. This contribution discusses the impact on BWP switching delay when cross-slot scheduling is enabled.
[bookmark: _Ref19729338][bookmark: _Ref129681832]Impact to BWP switching delay when cross-slot scheduling enabled
In Rel-15, a requirement on the BWP switching delay on a single CC is specified in TS 38.133 for cross-BWP scheduling as follows [3]:
	For DCI-based BWP switch, after the UE receives BWP switching request at DL slot n on a serving cell, UE shall be able to receive PDSCH (for DL active BWP switch) or transmit PUSCH (for UL active BWP switch) on the new BWP on the serving cell on which BWP switch on the first DL or UL slot occurs right after the beginning of DL slot n+ TBWPswitchDelay.


With such switching delay requirement, a UE is required to finish scheduling DCI processing, RF retuning, new parameter application and data preparation (only for UL cross-BWP scheduling) in TBWPswitchDelay slots (See Table 1, which refers to Table 8.6.2-1 in TS 38.133). The BWP switching delay requirement is based on the normal PDCCH processing corresponding to the capability UE reported. Considering Rel-15 UE always supports same-slot scheduling, it is supposed that the specified BWP switching delay in the following table in TS 38.133 assumes the same-slot scheduling for UE. 
Table1. BWP switch delay [3] 
	[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 smaller SCS between the SCS before BWP switch and the SCS after BWP switch.



Observation 1. The BWP switching delay requirement specified in TS 38.133 is based on a UE which is capable to handle same-slot scheduling.
When a minimum applicable scheduling offset larger than 0 is indicated, the PDCCH processing would be relaxed for power saving on UE. In this case, the actual BWP switching delay when PDCCH processing is relaxed should be relaxed accordingly. Otherwise, the UE would keep the normal PDCCH processing to guarantee the requirement on BWP switching delay. Considering the BWP switching is indicated by the scheduling DCI, it is unknown on whether BWP switching is triggered before the decoding of the scheduling DCI. Therefore, in this case the UE cannot really get the benefit of PDCCH processing relaxation. According to the discussion in Rel-16, the indication of minimum K2 is intended to get the power saving from the PDCCH processing. If the PDCCH processing cannot be really relaxed, the benefit of indication of minimum K2 would be lost.
To obtain the power saving gain from relaxed PDCCH processing, the actual BWP switching delay should be slightly relaxed to accommodate the time for the relaxed PDCCH processing when the minimum K0 is indicated to be larger than 0. Taking DL BWP switching as an example, if a non-zero minimum K0 is indicated, a straightforward consideration is to extend the BWP switching delay by the relaxed PDCCH processing time, which can be represented as TBWPswitchingDelay + TminK0 - TnormalPDCCHprocessing , where
· TminK0 is the time duration corresponding to the applicable minimum K0 for the scheduling BWP, which can represent the time duration required by the relaxed PDCCH processing; 
· TnormalPDCCHprocessing is the time duration required by the normal PDCCH processing assuming same-slot scheduling;
· TBWPswitchingDelay is the requirement on the BWP switching delay corresponding to the reported UE capability according to Table 8.6.2-1 in TS 38.133.
In Rel-16 CA/DC, Npdsch is specified to represent the normal PDCCH processing time and UE PDSCH reception preparation time when cross carrier scheduling is applied with different subcarrier spacings for PDCCH and PDSCH (See Table 2, which refers to Table 5.5-1 in TS38.214). Considering the PDSCH reception preparation time would be small, the time duration, TNpdsch, which corresponds to the Npdsch symbols can be used to represent the normal PDCCH processing time  and replace TnormalPDCCHprocessing. 
Table 2: Npdsch as a function of the subcarrier spacing of the scheduling PDCCH [4] 
	µPDCCH
	Npdsch [symbols]

	0
	4

	1
	5

	2
	10

	3
	14


As illustrated in Figure 1, TnormalPDCCHprocessing  is replaced by the relaxed one in the form of TminK0 - TNpdsch , and the proposed relaxed BWP switching delay when minimum K0 is applied is TBWPswitchingDelay + TminK0 - TNpdsch . 
The BWP switching delay needs to be rounded up to a number of slots with respective to the minimum subcarrier spacing between scheduling PDCCH and scheduled PDSCH. Therefore, the quantized slots of relaxed BWP switching delay is represented as.
[image: ]
Figure 1. Example of application minimum K0, which is larger than BWP switch delay, for same-BWP scheduling 
As an example, in Table 3, the relaxed BWP switching delay when a non-zero minimum K0 value is applicable is provided based on the analysis above. 
Table 3. The relaxed BWP switching delay for cross-slot scheduling
	Relaxed BWP switching delay (slotsNote 1 with respective to the minimum SCS between scheduling PDCCH and scheduled PDSCH / absolute time in ms)
for minK0=1 slot with respective to the SCS of scheduling PDCCH

	SCS of scheduling PDCCH (µPDCCH)
	0
	1
	2
	3

	SCS of PDSCH (µPDSCH)
	0
	2/2ms
	2/2ms
	2/2ms
	2/2ms

	
	1
	2/2ms
	3/1.5ms
	3/1.5ms
	3/1.5ms

	
	2
	2/2ms
	3/1.5ms
	4/1ms
	4/1ms

	
	3
	2/2ms
	3/1.5ms
	4/1ms
	6/0.75ms

	Relaxed BWP switching delay (slotsNote 1with respective to the minimum SCS between scheduling PDCCH and scheduled PDSCH / absolute time in ms)
for minK0=2 slot with respective to the SCS of scheduling PDCCH

	SCS of scheduling PDCCH (µPDCCH)
	0
	1
	2
	3

	SCS of PDSCH (µPDSCH)
	0
	3/3ms
	2/2ms
	2/2ms
	2/2ms

	
	1
	3/3ms
	4/2ms
	3/1.5ms
	3/1.5ms

	
	2
	3/3ms
	4/2ms
	5/1.25ms
	4/1ms

	
	3
	3/3ms
	4/2ms
	5/1.25ms
	7/0.875ms

	Relaxed BWP switching delay (slotsNote 1with respective to the minimum SCS between scheduling PDCCH and scheduled PDSCH / absolute time in ms)
for minK0=3 slot with respective to the SCS of scheduling PDCCH

	SCS of scheduling PDCCH (µPDCCH)
	0
	1
	2
	3

	SCS of PDSCH (µPDSCH)
	0
	4/4ms
	3/3ms
	3/3ms
	2/2ms

	
	1
	4/4ms
	5/2.5ms
	4/2ms
	3/1.5ms

	
	2
	4/4ms
	5/2.5ms
	6/1.5ms
	5/1.25ms

	
	3
	4/4ms
	5/2.5ms
	6/1.5ms
	8/1ms

	Note 1: If the BWP switch involves changing of SCS, the BWP switch delay is determined by the smaller SCS between the SCS before BWP switch and the SCS after BWP switch, which is the same as that in Table 8.6.2-1 in TS 38.133[3].



Proposal 1. If higher layer parameter minimumSchedulingOffset is configured, the BWP switching delay is , where:
· TminK0 is the time duration corresponding to the applicable minimum K0 for the scheduling BWP;
· TBWPswitchingDelay is the requirement on the BWP switching delay corresponding to the reported UE capability according to Table 8.6.2-1 in TS 38.133.
· is the time duration corresponding to the Npdsch symbols in Table 5.5-1 in TS38.214.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusions
The contribution focuses on the remaining issues for power saving for NR Rel-16. Based on the analysis and discussions, we have the following observations and proposal:
[bookmark: _GoBack]Observation 1. The BWP switching delay requirement specified in TS 38.133 is based on a UE which is capable to handle same-slot scheduling.
Proposal 1. If higher layer parameter minimumSchedulingOffset is configured, the BWP switching delay is relaxed to  , where:
· TminK0 is the time duration corresponding to the applicable minimum K0 for the scheduling BWP;
· TBWPswitchingDelay is the requirement on the BWP switching delay corresponding to the reported UE capability according to Table 8.6.2-1 in TS 38.133.
· is the time duration corresponding to the Npdsch symbols in Table 5.5-1 in TS38.214.
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