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Introduction
In RAN2 #101 meeting one LS was approved to send to RAN4 [1] for NR positioning. The text in the liaison was duplicated as below,
	The switching delay is described by the following:
· Composed of BB processing delay and RF transition time.
· The type 4 (per UE) capability signalling to differentiate the Type 1 and Type 2 BWP switching delays for each scenario is agreed to be introduced.

The BWP switching delay parameters are given in Table 1 below. The values are applied to both DCI-based and timer-based BWP switching.

Table 1: BWP switching delay parameters
	Frequency Range
	Scenario
	Type 1
Delay (us)
	Type 2
Delay (us)
	Comment

	1
	1
	600
	 2000
	

	
	2
	600
	 2000
	

	
	3
	600
	 2000
	

	
	4
	400
	950
	No delay required from the RF perspective

	2
	1
	600
	 2000
	

	
	2
	600
	 2000
	

	
	3
	600
	 2000
	

	
	4
	400
	950
	No delay required from the RF perspective



Note: the numbers in the table are calculated from the end of the last symbol including the DCI indicating the BWP switch and until BB processing delay and RF transition time has been completed.

Additionally, RAN4 has not finalized the discussion related to potential RRM delay following the BWP switch, possibly impacting when the UE would be able to decode PDCCH on the new BWP.



In this contribution we discuss the requirement for BWP switching delay for different SCS cases.
Discussion on BWP switching delay requirement
As approved in the LS[1], RAN4 has discussed a number of aspects associated with BWP reconfiguration scenarios and the associated switching delays, which are listed as below,
Scenario 1: The reconfiguration involves changing the center frequency of the BWP without changing its BW. The reconfiguration may or may not involve changing the SCS.
Scenario 2: The reconfiguration involves changing the BW of the BWP without changing its center frequency. The reconfiguration may or may not involve changing the SCS.
Scenario 3: The reconfiguration involves changing both the BW and the center frequency of the BWP. The reconfiguration may or may not involve changing the SCS.
Scenario 4: The reconfiguration involves changing only the SCS, where the center frequency and BW of the BWP remain unchanged.

Figure 1 below illustrates the scenarios with a number of examples.

[image: ]
[bookmark: _Ref503643701]Figure 1: Illustration of BWP reconfiguration scenarios

The switching delay is described by the following, which is also illustrated in the figure 2,
· Composed of BB processing delay and RF transition time.
· The type 4 (per UE) capability signalling to differentiate the Type 1 and Type 2 BWP switching delays for each scenario is agreed to be introduced.
[image: ]
[bookmark: _Ref503732751]Figure 2: The anatomy of a UE’s BWP switching time
Since the scheduler in NR could be able to support symbol level granularity, the BWP switching time delay requirement shall be designed also in order of symbol number rather than slot number. The time domain allocation is specified in TS38.214,
	[bookmark: _Toc501048160]5.1.2.1	Resource allocation in time domain
When the UE is scheduled to receive PDSCH by a DCI, the Time-domain PDSCH resources field of the DCI provides a row index of an RRC configured table [pdsch-symbolAllocation], where the indexed row defines the slot offset K0, the start and length indicator SLIV, and the PDSCH mapping type to be assumed in the PDSCH reception.
-	The slot allocated for the PDSCH is determined by K0 of the indexed row n+K0, where n is the slot with the scheduling DCI, K0 is based on the numerology of PDSCH, and
-	The starting symbol S relative to [the start of the slot], and the number of consecutive symbols L counting from the symbol S allocated for the PDSCH are determined from the start and length indicator SLIV of the indexed row:

if  then


else 



where, and
-	The PDSCH mapping type is set to Type A or Type B as defined in sub-clause 7.4.1.1.2 [4, TS 38.211] as given by the indexed row.
When the UE is configured with aggregation-factor-DL > 1, the same symbol allocation is applied across the aggregation-factor-DL consecutive slots not defined as UL by the slot format indication.


So if the requirement of BWP switching delay can be defined in the order of symbol number, the network can easily decide when to schedule the PDSCH on the target BWP and doesn’t need to wait for a new slot. We propose that,
Proposal 1: the BWP switching time delay requirement shall be designed also in order of symbol number rather than slot number.
The total BWP switching delay includes BB processing delay and RF transition time, and RF transition may introduce the interruption to the network. However, the agreement from RF room is on the total delay, and it is difficult to say how much time is for BB processing delay and how much time is for RF transition. On the other hand, different UE vendor implementation may need different time delay for BB processing. If we want to define the interruption to the network, we don’t think it is practical to separate the RF transition time from the BB processing. So the only possible way is use the total BWP switching time delay as a delay requirement in RRM spec, and it is also clear to network that within which time period network may not expect to receive or transmit anything from/to target UE (in our understanding this requirement is mainly used to introduce scheduler restrictions associated with BWP switching).
Proposal 2: RAN4 RRM shall specify one single BWP switching delay requirement including both BB processing delay and RF transition time
The symbol length and CP length is specified in TS38.211, which is duplicated as below,

 
In order to show the symbol and CP length in the order of “us”, the following table is provided,
 Table 2: Symbol and CP length for NR
	SCS
	OFDM symbol length
	CP length (l=0 or l=7*2^(u))
	CP length (l≠0 or l≠7*2^(u))
	Total OTA symbol length (l=0 or l=7*2^(u))
	Total OTA symbol length (l≠0 or l≠7*2^(u))

	15kHz
	66.7us
	5.2us
	4.7us
	71.9us
	71.4us

	30kHz
	33.3us
	2.9us
	2.4us
	36.2us
	35.7us

	60kHz (normal CP)
	16.7us
	1.7us
	1.2us
	18.4us
	17.9us

	60kHz (extended CP)
	16.7us
	4.2us
	4.2us
	20.9us
	20.9us

	120kHz
	8.3us
	1.1us
	0.6us
	9.4us
	8.9us



Based on the approved table in LS[1], the symbol numbers in the BWP switching delay requirement shall be defined as below,
Table 3: BWP delay requirement in symbol number
	SCS
	Type 1
Delay (us)
	Type 1 delay in Symbol number (K)
	Type 2
Delay (us)
	Type 2 delay in Symbol number
(K)
	Comment

	15kHz
	600
	9
	2000
	28
	Scenario 1/2/3

	
	400
	6
	950
	14
	Scenario 4

	30kHz
	600
	17
	2000
	56
	Scenario 1/2/3

	30kHz
	400
	12
	950
	27
	Scenario 4

	60kHz(NCP)
	600
	34
	2000
	112
	Scenario 1/2/3

	60kHz(NCP)
	400
	23
	950
	53
	Scenario 4

	60kHz(ECP)
	600
	29
	2000
	96
	Scenario 1/2/3

	60kHz(ECP)
	400
	20
	950
	46
	Scenario 4

	120kHz
	600
	67
	2000
	224
	Scenario 1/2/3

	120kHz
	400
	45
	950
	106
	Scenario 4


Based on the above analysis, the UE requirement for BWP switching delay could be specified as table 3.
[bookmark: _GoBack]Proposal 3: When the UE receives a DCI indicating BWP switching, the UE shall be ready to receive signal on the target BWP within K symbols from the end of the last symbol containing the DCI indication. K is defined as in table 3.
Conclusion
In this contribution we discuss the requirement for BWP switching delay for different SCS cases.
Proposal 1: the BWP switching time delay requirement shall be designed also in order of symbol number rather than slot number.
Proposal 2: RAN4 RRM shall specify the BWP switching delay requirement only.
Proposal 3: When the UE receives a DCI indicating BWP switching, the UE shall be ready to receive signal on the target BWP within K symbols from the end of the last symbol containing the DCI indication. K is defined as in table 3.
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