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Introduction
In RAN4 #89 meeting, the issues on RRC/MAC based BWP switching delay has been identified [1]. The open problems regarding on this is listed as follows:
-	RRC based BWP switching delay for both cases: 
1) BWP switch to another already configured BWP; 
2) BWP switch to a newly configured BWP in the same RRC re-configuration massage.
-	Whether to define core delay and interruption requirements MAC-based BWP switch
In this contribution we provide our view on the delay requirements for RRC based and MAC based BWP switching.
RRC based BWP switching delay 
In current spec TS38.133, the RRC based BWP switching is defined as follows:
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Following on previous discussion [2], the RRC based BWP switching delay TBWPswitchDelayRRC will include the following components:
a. Time for preparing for RF/baseband reconfiguration (software overhead)
b. Time for RF tuning (applying new RF/baseband parameters) 

In Figure 1, the timeline for RRC based BWP switching delay (in the unit of slot) is depicted 



[bookmark: _Ref521423914]Figure 1: Illustration of the definitions of BWP switching delay in the unit of slot

In TS38.133, the DCI-based BWP switching delay for Type 1 UE is 600µs +3 OFDM symbols (round to slot) and for Type 2 UE is 2ms +3 OFDM symbols (round to slot). The detailed requirement is as follows:
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The defined DCI-based BWP switching delay includes DCI decoding time (350 µs), time for preparing for RF/baseband reconfiguration and time for RF tuning/re-tuning. Thus, we can obtain that  
TBWPswitchDelayRRC = TBWPswitchDelay   – (350 µs + 3 OFDM symbol)  
The calculated value for TBWPswitchDelayRRC is listed in Table 1
[bookmark: _Ref1038415]Table 1: TBWPswitchDelayRRC in µs
	SCS
	350 µs (DCI decoding delay)+ 3 OFDM symbol
	TBWPswitchDelay  for Type 1 delay in µs
	TBWPswitchDelay  for Type 2 delay in µs
	TBWPswitchDelayRRC for Type 1 delay in µs
	TBWPswitchDelayRRC for Type 2 delay in µs

	15kHz
	564.29
	1000
	3000
	435.71
	2435.71

	30kHz
	457.14
	1000
	2500
	542.86
	2042.86

	60kHz
	403.57
	750
	2250
	346.43
	1846.43

	120kHz
	376.79
	750
	2125
	373.21
	1748.21



[bookmark: _GoBack]Finally, TBWPswitchDelayRRC values in above table are needed to be round to number of slot shown in Table 2. Thus, it is proposed:
Proposal 1: Depending on UE capability, UE shall finish RRC based BWP switch within the time duration TBWPswitchDelayRRC defined in Table 2.

[bookmark: _Ref517698286][bookmark: _Ref521422794]Table 2: RRC based BWP switching delay
	SCS
	Type 1 delay in Slot
	Type 2 delay in Slot

	15kHz
	1
	3

	30kHz
	2
	5

	60kHz
	2
	8

	120kHz
	3
	14



MAC based BWP switching delay 
MAC based BWP switching is similar to timer-base based BWP switching, where if the BWP inactivity timer expires (no DL scheduling for the UE for a while on the current BWP) or if the UE has to perform an UL and due to various reasons, the UL is on another BWP (initial BWP), the UE autonomously switches to the other BWP where the UE has the information of the centre-frequency, BW as well as the SCS.

Since timer-based BWP switching has been defined in TS38.133, MAC based BWP switching delay can share the same requirement as timer-based BWP switching. Thus, it is proposed,

Proposal 2: MAC based BWP switching delay shall have the same requirement as timer-based BWP switching. 

Other remaining issues on BWP switching delay and Interruption due to BWP switching 
Furthermore, there are some other reaming issues on BWP switching delay: 1) the uncertainty of UL BWP switching delay due to the effect of timing advance; 2) parameter list which cause interruption other than SCS when BWP switches. 
For the UL BWP switching delay uncertainty due to TA impact, there is related description in TS 38.214: 
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Following the same mechanism as TS 38.214, it is proposed that for UL BWP switching, the value of TA +TA offset is added to the delay requirement for DL BWP switching.  However, there is mismatch between 38.214 and 38.133 on d2,2 since in RAN4 spec BWP switching delay is defined in slot while in RAN1 spec Tproc,2  is calculated in time. For clarification, we propose defining UL BWP which include the impact of TA in TS 38.133. 
One option is just to count the entire TA value as the difference between UL and DL BWP switching delay. Another option is to use this margin to compensate a part of TA value and the remaining part of TA (if it is positive) is the difference between UL and DL BWP switching delay. Since the actual time for BWP switching is 600µs + 3 OFDM symbols for Type 1 delay and 2000µs + 3 OFDM symbols for Type 2 delay, there are some time margin in the existing delay requirement in TS38.133. The margin is defined as X shown in Table 3. Thus, it is proposed: 
Proposal 3: When BWP switch occurs in UL and UE operates on FDD mode, after UE receives BWP switching request at DL slot n (for DCI-based BWP switch), or the BWP-inactivity timer expires at DL slot n (for timer-based BWP switch), UE shall be able to transmit PUSCH (for UL active BWP switch) on the new BWP no later than at UL slot n +TBWPswitchDelay +Y, where TBWPswitchDelay defined in Table 8.6.2-1 in TS38.133. 
There are two options for values of Y:
Option 1:  Y equals to the smallest number of slots (depending on SCS) that longer than (TA + TA offset);
Option 2:  Y is calculated by taking into account the existing margin in BWP switching delay.  
· Y equals to zero if  (TA + TA offset) ≤ X;
· Y equals to the smallest number of slots (depending on SCS) that longer than (TA + TA offset –X) if (TA + TA offset) > X.
   X is defined in Table 3 shown below.

[bookmark: _Ref1129311]Table 3.  X values for UL BWP switching delay
	SCS
	For Type 1 Delay UE (µs)
	For Type 2 Delay UE (µs)

	15kHz
	 185.95
	 784.85

	30kHz
	  292.96
	  392.48

	60kHz
	   96.48
	  196.24

	120kHz
	  123.24
	   98.12



Another issue is the parameter list which causes interruption other than SCS when BWP switches. Currently, the parameters listed in Table 8.2.1.2.7-2 in TS 38.133 include “maxNrofCodeWordsScheduledByDCI”. For Rel-15 the requirements are defined for 2RX and 4RX cases only. So technically speaking, in Rel-15, the maximum number of layers is 4. 
For NR two MIMO codewords are used only in case a number of PDSCH MIMO layers is > 4 based on TS 38.211 (see below). So, if UE reports that it has max 4 MIMO layers, then maxNrofCodeWordsScheduledByDCI can take value = 1 only and it will not change for all BWPs on this carrier. Thus, we should omit this parameter from the list causing interruption other than SCS when BWP switches.
[image: ]

Proposal 4: Remove the parameter maxNrofCodeWordsScheduledByDCI from Table 8.2.1.2.7-2 in TS38.133, in which the parameters causing interruption other than SCS are listed. 

Conclusion
In this contribution, some issues on BWP switching delay and interruption are discussed and the proposals are listed as follows,
Proposal 1: Depending on UE capability, UE shall finish RRC based BWP switch within the time duration TBWPswitchDelayRRC defined in Table 2.




Table 2: RRC based BWP switching delay
	SCS
	Type 1 delay in Slot
	Type 2 delay in Slot

	15kHz
	1
	3

	30kHz
	2
	5

	60kHz
	2
	8

	120kHz
	3
	14




Proposal 2: MAC based BWP switching delay shall have the same requirement as timer-based BWP switching. 
Proposal 3: When BWP switch occurs in UL and UE operates on FDD mode, after UE receives BWP switching request at DL slot n (for DCI-based BWP switch), or the BWP-inactivity timer expires at DL slot n (for timer-based BWP switch), UE shall be able to transmit PUSCH (for UL active BWP switch) on the new BWP no later than at UL slot n +TBWPswitchDelay +Y, where TBWPswitchDelay defined in Table 8.6.2-1 in TS38.133. 
There are two options for values of Y:
Option 1:  Y equals to the smallest number of slots (depending on SCS) that longer than (TA + TA offset);
Option 2:  Y is calculated by taking into account the existing margin in BWP switching delay.  
· Y equals to zero if  (TA + TA offset) < X;
· Y equals to the smallest number of slots (depending on SCS) that longer than (TA + TA offset –X) if (TA + TA offset) ≥ X.
   X is defined in Table 3 shown below.

Table 3.  X values for UL BWP switching delay
	SCS
	For Type 1 Delay UE (µs)
	For Type 2 Delay UE (µs)

	15kHz
	 185.95
	 784.85

	30kHz
	  292.96
	  392.48

	60kHz
	   96.48
	  196.24

	120kHz
	  123.24
	   98.12



Proposal 4: Remove the parameter maxNrofCodeWordsScheduledByDCI from Table 8.2.1.2.7-2 in TS38.133, in which the parameters causing interruption other than SCS are listed. 
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8.6.3 RRC based BWP switch delay

For RRC-based BWP switch, after the UE receives BWP switching request, 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+ TrrcprocessingDelay + TBwPswitchDelaykRe, Where slot n is the last slot containing
the RRC command, and TrrcprocessingDelay i the length of the RRC procedure delay in slots defined in clause 12 in TS
38.331 [2], and Teweswitchpelayrre is the BWP switching delay for RRC based BWP switch.

Editor’s Note: Tswpswichpelayrre is going to be defined for both cases: 1) BWP switch to another already configured
BWP; 2) BWP switch to a newly configured BWP in the same RRC re-configuration massage. FFS whether to define
delay requirements for MAC based BWP switch. The UL grant uncertainty for transmitting
RRCReconfigurationComplete due to T4 and TA_offset during RRC based BWP switching is FFS.
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Depending on UE capability bwp-SwitchingDelay [2], UE shall finish BWP switch within the time duration
Taweswitchpelay defined in Table 8.6.2-1.

Table 8.6.2-1: BWP switch delay

NR Slot BWP switch delay Tewpswitchpelay (slots)
H I‘(’:‘QSt)h Type 1Note 1 Type 2Note 1
0 1 (11 [3]
1 0.5 2] [5]
2 0.25 [3] 9]
3 0.125 161 7]

Note 1:  Depends on UE capability.
Note 2:  If the BWP switch involves changing of SCS, the BWP
switch delay is determined by the larger one between

the SCS before BWP switch and the SCS after BWP
switch.
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6.4 UE PUSCH preparation procedure time

If the first uplink symbol in the PUSCH allocation for a transport block, including the DM-RS, as defined by the slot
offset K, and the start and length indicator SLIV of the scheduling DCI and including the effect of the timing advance, is
no earlier than at symbol L,, where L, is defined as the next uplink symbol with its CP starting

T.,..= max((N2 +d,,)(2048+144)-x27" T .d, 2) after the end of the reception of the last symbol of the

PDCCH carrying the DCI scheduling the PUSCH, then the UE shall transmit the transport block.

- N,is based on u of Table 6.4-1 and Table 6.4-2 for UE processing capability 1 and 2 respectively, where u
corresponds to the one of (upz, #uz) resulting with the largest 7,2, where the up; corresponds to the subcarrier
spacing of the downlink with which the PDCCH carrying the DCI scheduling the PUSCH was transmitted and
Huz corresponds to the subcarrier spacing of the uplink channel with which the PUSCH is to be transmitted, and
x 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 d; ;= 0, otherwise d; ;= 1.

- Ifthe 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, d, ; equals to the switching time as defined in [11, TS 38.133],
otherwise d5,=0.

- For a UE that supports capability 2 on a given cell, the processing time according to UE processing capability 2
is applied if the high layer parameter Capability2-PUSCH-Processing in pusch-Config is configured for the cell
and set to enable,

- 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.
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Table 7.3.1.3-1: Codeword-to-layer mapping for spatial multiplexing.
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