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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In this paper, we discuss the remaining issues for BWP switch delay, including
· DCI-based UL BWP switching delay under TA
· RRC-based BWP switch delay requirement
· RACH (MAC)-based BWP switch delay requirement
2	DCI-based UL BWP switch delay under TA
In Section 8.6.2 TS38.133, one Editor’s note was left to address this issue.
	Editor’s note: It is FFS if UL BWP switch delay should include the effect of the timing advance. If UE preparation time for UL BWP switch does not take into account of timing advance, the actual allowed UL BWP switch time will be shortened.



As is illustrated in Figure 1, after considering timing advance, the remaining time allowed for UE to switch it UL BWP is actually less than TBWPswitchDelay.

[image: ]
[bookmark: _Ref528412564]Figure 1. DCI-based BWP switch delay for DL BWP and UL BWP.

Checking RAN1 spec, absolute time unit Tc is used when specifying UE’s PUSCH preparation time in Section 6.4 of TS38.214 (provided in the Appendix), where the reference point is the end of the last symbol of the PDCCH 
[bookmark: _Ref603438]Observation 1: In Section 6.4 of TS38.214, UE’s PUSCH preparation procedure time is specified with absolute time unit and with DL as the reference timing.

In our opinion, we can also follow RAN1’s method to resolve the issue of reduced UE preparation time for UL BWP switch due to TA.
· Absolute time: Table 8.6.2-1 in TS38.133 takes the number of slots as the unit for TBWPswitchDelay. There is no ambiguity to further translate TBWPswitchDelay into the unit of ms or us, because the duration of slots are well defined.
Table 8.6.2-1: BWP switch delay
	[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]
	[17]



· DL reference timing: In current Section 8.6.2, it is not clear addressed whether the ‘slot(s)’ in the 1st and 2nd paragraphs are DL slots or UL slots. 
	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+ TBWPswitchDelay.
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 bwp-InactivityTimer [2] 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+ TBWPswitchDelay.



Thus, a very simple way to resolve this issue is to clearly specify that all the ‘slots’ are DL slots, even for UL BWP switch. As illustrated in Figure 2, UE is only required to be ready to receive in a DL BWP or transmit in a UL BWP right after the purple time. This means that TBWPswitchDelay is shared to both DL BWP switch and UL BWP switch. Furthermore, since PUSCH does not need to occupy the whole slot, it also makes the UL scheduling on some of the OFDM symbols in UL slot #(n+3) possible, if all PUSCH symbols come after the purple line.
[image: ] 
[bookmark: _Ref475489]Figure 2. Proposal to resolve the issue of DCI-based UL BWP switch delay under TA.

The proposed modifications are provided in [3], while the relevant part is captured below
	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 occurs no later than at right after the beginning of DL slot n+ TBWPswitchDelay.
For timer-based BWP switch, the UE shall start BWP switch at slot DL n, where n is the beginning of a DL subframe (FR1) or DL half-subframe (FR2) immediately after a BWP-inactivity timer bwp-InactivityTimer [2] 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 right after the beginning of DL slot n+ TBWPswitchDelay.



[bookmark: _Ref603440]Proposal 1: With a DCI triggering BWP switch at DL slot n, UE shall be able to receive PDSCH or transmit PUSCH on the new BWP right after the beginning of DL slot n+ TBWPswitchDelay.
[bookmark: _Ref603442]Proposal 2: When UE starts to switch its BWP at DL slot n due to timer expiry, UE shall be able to receive PDSCH or transmit PUSCH on the new BWP right after the beginning of DL slot n+ TBWPswitchDelay.
3	RRC-based BWP switch delay requirement
In last RAN4 meeting, a WF [1] was agreed to further discuss the delay requirement for RRC-based BWP switch which is trigger by RRC re-configuration. According to the LS [2] from RAN2, the total processing time of RRC reconfiguration with BWP switch can be divided into RRC processing part and BWP switch part. RAN2 will handle to delay of RRC processing part (TRRC_delay), while RAN4 will handle the delay of BWP switch part (TBWPswitchDelayRRC), as shown in Figure 3. 
[image: ]
[bookmark: _Ref598116]Figure 3. The total processing time of RRC reconfiguration with BWP switch is divided into RRC processing part (TRRC_delay) and BWP switch part (TBWPswitchDelayRRC).

Note that the RRC reconfiguration may involve changes not only for BWP but also changes for other settings, such as measurement gap/object, MIMO layer, CSI resource and reporting, UL carrier… etc. Therefore, from the viewpoint of minimum requirement, RAN4 should assume that UE is already full loaded in the interval of TRRC_delay and that all the BWP-related processing is handled in the interval of TBWPswitchDelayRRC.
[bookmark: _Ref603444]Proposal 3: In RRC-reconfiguration with BWP switch, RAN4 should assume that UE is already full loaded in the interval of TRRC_delay and that all the BWP-related processing is handled in the interval of TBWPswitchDelayRRC.

There are 2 cases mentioned in [1].
	Case 1: BWP switch to another existing BWP configuration
· No change to any of the existing configured BWPs
Case 2: BWP switch to a new BWP configured by the same RRC re-configuration signaling  
· New BWP configurations are added and activated with different parameters to current active BWP through RRC reconfiguration


For Case 1, what UE has to do is similar to DCI-based BWP switch. Some of the needed calculations can be done at the time when those BWP settings were configured by RRC. UE can try to minimize the additional calculation needed, and therefore the switch delay could be short. 
For Case 2, UE has to finish all related calculations in TBWPswitchDelayRRC. UE may even have to pre-calculate part of the RF and baseband parameters for those non-active BWPs in order to speed up the delay for DCI-based BWP switch. Therefore the switch time could be longer than Case 1. In our option, at least [3] ms should be allowed. 
To simplify the spec, we suggest to specify a single delay value for TBWPswitchDelayRRC. Since RRC-based BWP switch is not an urgent event to both UE and network, it is fine to consider the worst case (Case 2) when defining the delay requirement, i.e., [3] ms. Furthermore, there is no need to differentiate Type 1 and Type 2 UEs, which was introduced when discussing DCI-based BWP switch.
[bookmark: _Ref603446]Proposal 4: TBWPswitchDelayRRC is [3] ms for all UEs. 
4	RACH (MAC)-based BWP switch delay requirement
RACH based BWP switch happens in the following 2 situations
· UE wants to transmit RACH but there is no PRACH resource configured in current active UL BWP
· UE wants to monitor the RAR but there is no RAR resource configured in current active DL BWP
[bookmark: _GoBack]In summary, this BWP change is triggered by random access procedure, which is triggered by the following events according to Section 9.2.6 of TS 38.300. Events in CONNECTED mode without PCell change are highlighted.
	9.2.6       Random Access Procedure
The random access procedure is triggered by a number of events, for instance:
-    Initial access from RRC_IDLE;
-    RRC Connection Re-establishment procedure;
-    Handover;
-    DL or UL data arrival during RRC_CONNECTED when UL synchronisation status is "non-synchronised";
-    Transition from RRC_INACTIVE;
-    To establish time alignment at SCell addition;
-    Request for Other SI (see subclause 7.3);
-    Beam failure recovery.



As can be seen, all above highlighted events are triggered by UE itself. Network may not have the idea about the time instant when the event is triggered or the time instant when UE decides to switch its BWP. As shown in Figure 4, if an event is already triggered but UE still needs to wait several frames for the PRACH resource, then UE has to freedom to choose when to switch its BWP. This kind of detail timing is completely unknown to network. Therefore, even if there is a clear delay requirement specified, network still cannot leverage this requirement to schedule UE. In our opinion, there is no need to specify the delay requirement for RACH (MAC)-based BWP switch.
[bookmark: _Ref603447]Proposal 5: No delay requirement is specified for RACH (MAC)-based BWP switch.

[image: ]
[bookmark: _Ref603291]Figure 4. Time instants for RACH (MAC)-based BWP switch
3	Conclusions
In the contribution, we provide our view on the remaining issue BWP switching delay requirements. We have the following observation and proposals.
Observation 1: In Section 6.4 of TS38.214, UE’s PUSCH preparation procedure time is specified with absolute time unit and with DL as the reference timing.
Proposal 1: With a DCI triggering BWP switch at DL slot n, UE shall be able to receive PDSCH or transmit PUSCH on the new BWP right after the beginning of DL slot n+ TBWPswitchDelay.
Proposal 2: When UE starts to switch its BWP at DL slot n due to timer expiry, UE shall be able to receive PDSCH or transmit PUSCH on the new BWP right after the beginning of DL slot n+ TBWPswitchDelay.
Proposal 3: In RRC-reconfiguration with BWP switch, RAN4 should assume that UE is already full loaded in the interval of TRRC_delay and that all the BWP-related processing is handled in the interval of TBWPswitchDelayRRC.
Proposal 4: TBWPswitchDelayRRC is [3] ms for all UEs.
Proposal 5: No delay requirement is specified for RACH (MAC)-based BWP switch.
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Appendix
	[bookmark: _Toc525748131]6.4	UE PUSCH preparation procedure time


[bookmark: _Hlk496825264][bookmark: _Hlk496824447][bookmark: _Hlk496824026]If the first uplink symbol in the PUSCH allocation for a transport block, including the DM-RS, as defined by the slot offset K2 and the start and length indicator SLIV of the scheduling DCI, is no earlier than at symbol L2, where L2 is defined as the next uplink symbol with its CP starting after the end of the last symbol of the PDCCH carrying the DCI scheduling the PUSCH, then the UE shall transmit the transport block.  
-	N2 is based on µ of Table 6.4-1 and Table 6.4-2 for UE processing capability 1 and 2 respectively, where µ corresponds to the one of (µDL, µUL) resulting with the largest Tproc,2,  where the µDL corresponds to the subcarrier spacing of the downlink with which the PDCCH carrying the DCI scheduling the PUSCH was transmitted and µUL corresponds to the subcarrier spacing of the uplink channel with which the PUSCH is to be transmitted, and κ is defined in subclause 4.1 of [4, TS 38.211].
-	If the first symbol of the PUSCH allocation consists of DM-RS only, then d2,1 = 0, otherwise d2,1 = 1. 
-	If the UE is configured with multiple active component carriers, the first uplink symbol in the PUSCH allocation further includes the effect of timing difference between component carriers as given in [11, TS 38.133]. 
-	If the scheduling DCI triggered a switch of BWP, d2,2 equals to the switching time as defined in [11, TS 38.133], otherwise d2,2=0. 
-	If the PUSCH indicated by the DCI is overlapping with one or more PUCCH channels, then the transport block is multiplexed following the procedure in subclause 9.2.5 of [9, TS 38.213], otherwise the transport block is transmitted on the PUSCH indicated by the DCI.
Otherwise the UE may ignore the scheduling DCI. 

The value of  is used both in the case of normal and extended cyclic prefix.
Table 6.4-1: PUSCH preparation time for PUSCH timing capability 1
	

	PUSCH preparation time N2 [symbols]

	0
	10

	1
	12

	2
	23

	3
	36



Table 6.4-2: PUSCH preparation time for PUSCH timing capability 2
	

	PUSCH preparation time N2 [symbols]

	0
	5

	1
	5.5

	2
	11 for frequency range 1







image3.emf
n-1 n n+1 n+2

n-1 n n+1 n+2

UL 

slots 

DL 

slots 

D

C

I

n+3

New DL 

BWP

n+3 

T

BWPswitchDelay

T

BWPswitchDelay

time

time

TA

n+4


image4.emf
time

RRC reconfiguration

PDCCH PDSCH

RRC processing

PDCCH 

Decoding

PDSCH 

Decoding

Applying the new 

parameters 

RF/BB parameter 

calculating and loading

Start of the new BWP

T

RRC_delay

T

BWPswitchDelayRRC


image5.emf
UE monitors RAR

An event is triggered 

such that UE has to 

transmit RACH

UE starts BWP switch UE finishes BWP switch

UE transmits PRACH

BWP switch delay


image6.wmf
(

)

,2

22,12,2

max

()(2048144)2,

procC

TT

Ndd

m

k

-

=×

++×


oleObject1.bin

image7.wmf
2

,

proc

T


oleObject2.bin

image8.wmf
m


oleObject3.bin

oleObject4.bin

image1.emf
n n+1 n+2

n n+1 n+2

UL slots 

DL slots 

D

C

I

n+3

New DL BWP

n+3

New DL BWP

T

BWPswitchDelay

T

BWPswitchDelay

- TA

time

time


image2.wmf
m


