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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In last RAN4 meeting, a WF [1] was agreed on requirements for BWP switching delay, as captured below:
	· Depending on the proposals from interested companies, options to introduce new BWP switching delay are to be further discussed 
· Option 1: Keep type 1 and type 2 unchanged.
· Option 2: Revise Type 1 delay and keep Type 2 unchanged.
· Option 3: Keep Type 1 and 2 unchanged and introduce Type 3 delay more than 2ms.
· Option 4: Revise type 1 delay less than 2ms, introduce type 3 delay more than 2ms and keep Type 2 unchanged. 
· If option 3 or 4 is agreed, an LS will be send to RAN2 to introduce Type 3 BWP switching delay.
· Interested companies are encouraged to provide the analysis in RAN4#88 on the impact of long BWP switching delay (i.e. >2ms) from both network and UE perspectives.
· It is FFS if the delay for BWP switching involving only baseband parameter changes is the same as scenario 1/2/3 or scenario 4.  
· Interested companies are encouraged to provide the list of baseband parameters, which results in the corresponding BWP switching delay the same as scenario 1/2/3 or scenario 4.


Besides, RAN4 agreed in the ad-hoc session [2] that same delay requirement apply for DCI-based and timer-based BWP switching, and one CR [3] was also endorsed to provide the framework to capture the delay requirement in the unit of slot. 
In this paper, we discuss the remaining issues on BWP switching delay.
2	Discussion
In [4], RAN4 replied an LS to RAN1 on the suggested delay (in us) for BWP switching. The delay considered 3 components: DCI parsing, RF/BB parameter calculating and loading as well as applying the new parameters. Later in May meeting, RAN4 agreed [5] to use the unit of slot to capture the delay requirement. This was implemented in CR [3]. 
	For DCI-based BWP switch, after the UE receives BWP switching request at 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 occurs no later than at slot n+Y. 
For timer-based BWP switch, the UE shall start BWP switch at slot n, where n is the beginning of a subframe (FR1) or half-subframe (FR2) immediately after a BWP-inactivity timer expires on a serving cell, and the 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 occurs no later than at slot n+Y. 


The delay Y in the unit of slot needs to consider 2 additional margins, compared with the delay agreed in the previous LS [4]:
· OFDM symbols used to transmit PDCCH carrying the BWP switching command
· Alignment to the beginning of the next slot boundary for to receive/transmit in new BWP
This is illustrated in Figure 1. This means both Type 1 and Type 2 delay may need to be modified to accommodate at least the 2 additional margin.
[image: ]
[bookmark: _Ref521409636]Figure 1. Two additional margins to be considered in BWP switching delay 

[bookmark: _Ref521436426]Observation 1: The final delay requirement to be captured in TS38.133 needs to consider the additional margin for OFDM symbols that carrying BWP switching command and the alignment to the beginning of the slot boundary for new BWP.
[bookmark: _Ref521436430]Observation 2: Both Type 1 and Type 2 delay need to be modified to accommodate at least the 2 additional margin.
Therefore, in the following, we will directly discuss the delay with the above 2 additional margin considered.

It was agreed in last meeting [1] that companies can further provide views on the delay requirements and check if RAN4 needs to revise the delay of Type 1 and Type 2, or even add a new Type 3. In our understanding, Type 1 delay is infeasible. So it anyway needs to be modified. Taking 15 KHz SCS as an example, the estimated time needed for each phase in Figure 1 for a baseline UE are listed below
Phase 1) PDCCH transmission: 3 OFDM symbols (232us)
Phase 2) PDCCH decoding and DCI parsing: 3 to 4 OFDM symbols (250us)
Phase 3) RF/BB parameter calculating and loading: This part is highly UE implementation dependent. Besides the time needed to load and re-calculating BB/RF parameters, there is an additional time that needs to be considered. Typically, UE is only able to apply new parameters to modules at some specific time granularity of software tick. The smaller the granularity requires a higher UE implementation complexity. In our understanding, we can use the slot duration of 15KHz SCS as the baseline for the tick granularity. Then it is possible for a normal UE to finish this phase in 1ms ~ 1.5ms.
Phase 4) Applying the new parameters: We can directly follow the interruption in SCell activation as agreed when discussing BWP interruption (500us)
A baseline UE may take roughly 3ms to finish the overall BWP switching for scenarios 1, 2 and 3. For scenario 4, the time needed for PDCCH transmission, PDCCH decoding and DCI parsing remain the same, but UE needs less time for the last 2 phases. We think 2ms would be a reasonable value for overall delay. 
Regarding other advanced UEs, we think the current requirement for Type 2 delay can be directly applied. For scenarios 1, 2 and 3, we can include the 2 above-mentioned additional margins within the current 2us delay. For scenario 4, 950us could be too tight to further include the 3 PDCCH symbols. Therefore, we suggest to add it a little bit and round it to 1500us. 
The revised delay for Type 1 and Type 2 are provided in Table 1.
[bookmark: _Ref521417356]Table 1 Suggested BWP switching delay (in the unit of us)
	Frequency Range
	Scenario
	Type 1 delay X us
	Type 2 delay X us

	1 and 2
	1, 2, 3
	3000
	2000

	
	4
	2000
	1500



To capture the requirement in TS38.133, the delay should be presented in the unit of slot. Table 2 and Table 3 provide the delay in slot for scenarios 1, 2, 3 and scenario 4, respectively.
[bookmark: _Ref521417730]Table 2 Suggested BWP switching delay for scenarios 1, 2 and 3 (in the unit of slot)
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	NR Slot length (ms)
	BWP switch delay Y (slots)

	
	
	Type 1
	Type 2

	0
	1
	3
	2

	1
	0.5
	6
	4

	2
	0.25
	12
	8

	3
	0.125
	24
	16



[bookmark: _Ref521417734]Table 3 Suggested BWP switching delay for scenario 4 (in the unit of slot)
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	NR Slot length (ms)
	BWP switch delay Y (slots)

	
	
	Type 1
	Type 2

	0
	1
	2
	2

	1
	0.5
	4
	3

	2
	0.25
	8
	6

	3
	0.125
	16
	12



[bookmark: _Ref521436435]Proposal 1: Suggest to capture BWP switching delay in TS38.133 as below table.
	BWP switching delay for scenarios 1, 2 and 3
	BWP switching delay for scenario 4
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	NR Slot length (ms)
	BWP switch delay Y (slots)
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	NR Slot length (ms)
	BWP switch delay Y (slots)

	
	
	Type 1
	Type 2
	
	
	Type 1
	Type 2

	0
	1
	3
	2
	0
	1
	2
	2

	1
	0.5
	6
	4
	1
	0.5
	4
	3

	2
	0.25
	12
	8
	2
	0.25
	8
	6

	3
	0.125
	24
	16
	3
	0.125
	16
	12



4	Scenarios for BWP switching involving baseband parameter changes only
In [1], companies are encouraged to provide the list of baseband parameters, which results in the corresponding BWP switching delay the same as scenario 1/2/3 or scenario 4. In general, there are a lot of BWP-specific parameters to be discussed. It is infeasible to go through them one by one. It would be preferred to discuss some high-level principle first and then use the principle to categorize parameters into fast and slow.
From UE perspective, principles that can be considered are whether the parameter involves any inter-slot dependency, whether the parameter has a high impact to other procedures and whether the parameters will be applied immediately.
Some examples with detail explanations are provided below:
· Slow
· Parameters for PDCCH: Setting in PDCCH has impact on not only in PDCCH decoding itself but also the later PDSCH decoding, HARQ timing and RLM.
· Parameters for SPS: UE needs to cancel the already-scheduled PDSCH decoding tasks in future slots and re-schedule the new PDSCH decoding task in newly allocated future slots.
· Parameters for RLM: UE needs to cancel the already-scheduled RLM tasks in future slots and re-schedule the new RLM task in newly allocated future slots. The dependency to RRM, BM, BFD, BFR and scheduling availability will also needs to be re-calculated.
· Parameters for TCI-State: This may impact on UE Rx beam selection in other procedures, e.g., RLM, BM, and UL Tx beam correspondence.
· Fast
· Parameters for PDSCH: Its impact is limited to PDSCH decoding itself only. 
· Not relevant (can be treated as fast)
· Usually, UL parameters that are not expected to be used immediately can be considered as fast, such as PRACH and BFR.
Based on the principle, Table 4 provides a list of parameters together with our view on fast or slow
[bookmark: _Ref521425936]
Table 4 List of fast and slow baseband parameters in BWP configurations 
	DL/UL
	baseband parameters
	Fast or slow

	DL
	PDCCH-Config
	Slow

	
	PDSCH-Config
	TCI-State
	Slow

	
	
	others
	Fast

	
	sps-Config
	Slow

	
	RadioLinkMonitoringConfig
	Slow

	UL
	RACH-Config
	Fast

	
	PUSCH-Config
	Fast

	
	PUCCH-Config
	Fast

	
	configuredGrantConfig
	Fast

	
	SRS-Config
	Slow

	
	BeamFailureRecoveryConfig
	Fast



Even with about analysis on fast and slow parameters, it would still be preferred to have set the same rule for all baseband parameters. So that it makes network easy to determine the expected delay. In our understanding, above analysis does not yet address the case when multiple fast parameters are changing at the same time. It would be safer to re-use the delay for scenario 1 for these baseband parameters.
[bookmark: _Ref513557543]Proposal 2: The delay of BWP switching involving only baseband parameter changes follows the delay of scenario 1 for both Type A and Type B UE.

5	Conclusions
In the contribution, we provide our view on the requirement of BWP switching delay and the consideration of baseband parameter changes in the BWP configuration. We have the following proposals:
[bookmark: _GoBack]Observation 1: The final delay requirement to be captured in TS38.133 needs to consider the additional margin for OFDM symbols that carrying BWP switching command and the alignment to the beginning of the slot boundary for new BWP.
Observation 2: Both Type 1 and Type 2 delay need to be modified to accommodate at least the 2 additional margin.
Proposal 1: Suggest to capture BWP switching delay in TS38.133 as below table.
	BWP switching delay for scenarios 1, 2 and 3
	BWP switching delay for scenario 4
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	NR Slot length (ms)
	BWP switch delay Y (slots)
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	NR Slot length (ms)
	BWP switch delay Y (slots)

	
	
	Type 1
	Type 2
	
	
	Type 1
	Type 2

	0
	1
	3
	2
	0
	1
	2
	2

	1
	0.5
	6
	4
	1
	0.5
	4
	3

	2
	0.25
	12
	8
	2
	0.25
	8
	6

	3
	0.125
	24
	16
	3
	0.125
	16
	12



Proposal 2: The delay of BWP switching involving only baseband parameter changes follows the delay of scenario 1 for both Type A and Type B UE.
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