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Introduction

In RAN4 #92bis meeting, a LS [1] on super UL was sent to RAN1 to check and confirm whether there are any issue with the following RAN4 recommendation and agreement. 
	During RAN4 #92bis meeting, RAN4 discussed the UE requirements to allow switching between case 1 and case 2 as below for two uplink carriers case inter-band EN-DC without SUL, inter-band UL CA and standalone SUL for UE supporting maximum two concurrent transmission.
	Case 1
	1 Tx on carrier 1 and 1 Tx on carrier 2

	Case 2
	0 Tx on carrier 1 and 2 Tx on carrier 2


· RAN4 recommendation on the length of UL switching period for defining UE RF requirements and capability reporting:
· [0]us, 35us, 140 us, [250]us
· RAN4 will decide whether 250us will be defined based on UE implementation in RAN4 #93 meeting.
· 0us cannot be achieved with the UE implementation of 2 Tx chains in total. RAN4 will decide whether 0us will be defined from RF requirements and/or capability reporting perspective for forward compatibility in RAN4 #93 meeting.
· The same length of switching period for switching from case 1 to case 2 and from case 2 to case 1.
· RAN4 does not preclude the possibility of down-selecting to the single value (e.g., one non-zero value) due to BS complexity issue and system performance.
· RAN4 does not preclude the possibility of introducing UE capability bit to allow different UE implementation. 
· Existing RAN4 requirements will be not impact by introducing of the length of UL switching period
· RAN4 agreement on the location of the switching period
· For EN-DC: in NR carrier
· For UL CA and SUL: semi-statically configured by RRC on one specific carrier of the two uplink carriers
· RAN4 agreement on the transient period
· Define transient period in addition to the switching period
· Length of transient period: 10 us for NR, 20 us for E-UTRA
· Additional time for PUSCH preparation procedure
· A potential issue was raised in RAN4 that UL switching period may impact PUSCH preparation procedure time.
· RAN4 can continue discussing on whether the PUSCH preparation time can happen in parallel with the switching time, based on the UE implementation.




In this contribution, we present our views on the UE preparation time, scheduling mechanism and limitation. 
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UE preparation time
In TS 38.214, the preparation time is defined as follows.

	
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 and including the effect of the timing advance, 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 reception 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. 




[bookmark: OLE_LINK2]Based on RAN4’s input, switching time will be introduced to allow UE to tune the Tx between carriers while the candidate values could be one or several symbols. In general, there should be some addition preparation time on top of current definition, but how to capture it should be studied. 

Observation: With UL RF switching, there should be some additional preparation time on top of current specification, but how to capture it should be studied.

Switching mechanism
Table 1 UL Transmission cases in RAN4 LS
	Case 1
	1 Tx on carrier 1 and 1 Tx on carrier 2

	Case 2
	0 Tx on carrier 1 and 2 Tx on carrier 2



During the debate, there were two options for the carrier switching replying on whether UL transmission CAN or CAN NOT be scheduled on carrier 2 of case 1.
· Option 1: Carrier 2 CAN NOT be scheduled of Case 1 for SUL, EN-DC and UL CA (see details in slide #5)
· Option 2: Carrier 2 CAN be scheduled of Case 1, for EN-DC and UL CA (see details in slide #6)

Between the two options, Option 1 is a very strong limitation for UL CA and even EN-DC, and we don’t see the necessity of introducing such strong limitation. We think Option 2 is suitable for UL CA and EN-DC. Therefore, we propose to support Option 2 which allows Carrier 2 to be scheduled of Case 1 – 1 Tx on Carrier 1 and 1 Tx on Carrier 2. 


Proposal 1: Support Option 2 which allows Carrier 2 to be scheduled of Case 1 (1 Tx on Carrier 1 and 1 Tx on Carrier 2).


Proposal 2: For UL CA, the UE determines either Case 1 or Case 2, and the UE does not expect to be scheduled with UL transmission that is in conflict with the determined case (Case 1 or Case 2). 

According to the RAN4 LS, the value of switching time might be several symbols, and to minimize the impact to the overall system efficiency, we propose to limit to no more than one switching for each consecutive UL transmission which is UL slots for FDD and UL slots plus UL symbols in special slot for TDD. The switching position could be in FDD or TDD slots, which could be configurable or fixed with respective to the network’s configuration. 


Proposal 3: Limit to no more than one switching for each consecutive UL transmission, which is UL slots plus UL symbols in special slot for TDD and the intervening period for FDD.


In order further limit switching complexity, switching needs to be limited to the same TAG case. 


[bookmark: _GoBack]Proposal 4: Limit UL switching support to same TAG case only. 


Conclusions
We discussed UE preparation time, scheduling mechanism and limitation, and have the following observations and proposals:
[bookmark: OLE_LINK6]Observation: With UL RF switching, there should be some additional preparation time on top of current specification, but how to capture it should be studied.

Proposal 1: Support Option 2 which allows Carrier 2 to be scheduled of Case 1 (1 Tx on Carrier 1 and 1 Tx on Carrier 2).

Proposal 2: For UL CA, the UE determines either Case 1 or Case 2, and the UE does not expect to be scheduled with UL transmission that is in conflict with the determined case (Case 1 or Case 2). 
Proposal 3: Limit to no more than one switching for each consecutive UL transmission, which is UL slots plus UL symbols in special slot for TDD and the intervening period for FDD.

Proposal 4: Limit UL switching support to same TAG case only. 
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