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Introduction
The switching time between NR SL and LTE SL in TDM operations has been discussed in RAN4#96e and several options have been listed on the WF [1].  
	· Option 1: Switching period is placed at NR slot and the guard symbol at LTE side can also be utilized.
· Option 1a: The whole switching time including transient period should be placed at NR slot.
· Option 2: The whole switching time including switching period shall be placed at the previous E-UTRA sub-frame or NR slot.
· Option2a: Switching period is placed at the last slot/SF of the RAT UE switches from or placed at the first slot/SF of the RAT UE switches to. Choosing which RAT to place the switching period in is up to UE implementation [Qualcomm]
· Option 3: Do not specify switching time RF requirement, use RRM requirement in 38.133 clause 12.9.1 to verify the LTE-NR Tx switching requirement.  
· Option 4: LTE-NR Tx Switching time requirement is specified as a package in the following:
· Switching time requirement in RF spec (38.101) is 150us
· If UE supports this feature: “Support of fewer than 14 consecutive sidelink symbols in a slot”, the switching time requirement can be verified by configuring smaller number of consecutive symbols in a slot, and UE has to satisfy the 150us switching time requirement.
· If UE doesn’t support this feature: “Support of fewer than 14 consecutive sidelink symbols in a slot”, the switching time requirement is considered as satisfied when UE satisfied the corresponding scheduling restriction requirement in 38.133 clause 12.9.1.   
· Option 5: Option2a + Option 3 [Qualcomm]
· Note 1: Option 1a is revised based on option 1. As per the scheduling restriction agreed in RRM session, the cross-boundary switching time seems not a wise choice.
· Note 2: The switching time in RF session is seemingly not a crucial issue because the switching time 150us is much less than one NR slot / LTE subframe. The switching time in RF session can be considered as satisfied when the scheduling restriction in RRM session applies.




In the following document switching time, position and testability issue between NR SL and LTE SL requirement is proposed.
Discussion

· Our view on switching time and position
In the past meetings there have been numerous opinions expressed on the NR SL to LTE SL switching time [3,4]. For a 1TX/2RX RF architecture where a common PA is shared between LTE SL and NR SL the LO frequency retune time has been calculated to be 140us and the RF chain reconfiguration time to be 70us giving a total switching time of 210us. This transient time will apply for both contiguous and non-contiguous NR/LTE spectral allocations. A switching time of 210 us is also being considered for SUL and UL CA switching [3].
Many companies proposed 150us switching time instead of 210us, and we understand that some implementation can achieve faster switching time. However, allowing longer switching time can save power by turning off more components on RF front end when the other RAT is transmitting, also simplify the switching implementation by avoiding complicated schemes for faster switching, such as parallelizing reconfiguration, complex algorithms for controlling PLL settling and reprogramming. We understand that some companies are choosing a more complicated switching implementation and keep more RF components on to reduce the switching time, we are not against such implementation. However, in RRM session the following scheduling restriction was agreed in RAN4#95e:
When switch from E-UTRA V2X sidelink to NR V2X sidelink occurs in NR slot ‘n’, 
· UE is not expected to transmit or receive on NR V2X sidelink on the slot ‘n’.
When switch from NR V2X sidelink to E-UTRA V2X sidelink occurs in NR slot ‘n-1’, 
·  UE is not expected to transmit or receive on NR V2X sidelink on the slot ‘n-1’. 
When switch from NR V2X sidelink to E-UTRA V2X sidelink occurs in E-UTRA subframe ‘n’, 
· UE is not expected to transmit or receive on E-UTRA V2X sidelink on the subframe ‘n’.
When switch from E-UTRA V2X sidelink to NR V2X sidelink occurs in E-UTRA subframe ‘n-1’, 
· UE is not expected to transmit or receive E-UTRA on V2X sidelink on the subframe ‘n-1’.
Therefore, no matter how fast UE can switch between NR and LTE Tx, at least in one slot or subframe UE is not expected to receive/transmit any data. Since both 210us and 150us are shorter than slot length in FR1, the corresponding system performance is exactly the same for both switching time requirement, based on the RRM requirement. 
Unless companies can show that 150us can enhance system performance, otherwise we don’t agree to a requirement which may lead to sacrifice power and implementation complexity while not gaining any benefit on performance. The only corner case that 150us and 210us can be distinguished is when UE is configured with 11 symbols in 15kHz SCS, or 8 or 9 symbols in 30kHz SCS, and UE can utilize the empty symbols to switch Tx across RATs. However, supporting less than 14 symbols reception and transmission is an optional feature for dedicated bands for sidelink. Verifying an essential function of cross-RAT Tx switching by an optional feature is not a feasible way to guarantee system performance, therefore instead of specifying this requirement in RF specification, we propose to only specify this in RRM specification, as already agreed requirement in 38.133 clause 12.9.1. 
Proposal 1: Do not specify switching time RF requirement, use RRM requirement in 38.113 clause 12.9.1 to verify the LTE-NR Tx switching requirement.  
However, since this issue has been discussed for many meetings, in case companies can not agree to Proposal 1, we would like to propose the following compromised proposal as package covering the switching time and how UE satisfies the requirements:
· Switching time requirement in RF spec (38.101) is 150us
· If UE supports this feature: “Support of fewer than 14 consecutive sidelink symbols in a slot”, the switching time requirement can be verified by configuring smaller number of consecutive symbols in a slot, and UE has to satisfy the 150us switching time requirement.
· If UE doesn’t support this feature: “Support of fewer than 14 consecutive sidelink symbols in a slot”, the switching time requirement is considered as satisfied when UE satisfied the corresponding scheduling restriction requirement in 38.133 clause 12.9.1.  
Proposal 2: LTE-NR Tx Switching time requirement is specified as a package in the following:
· Switching time requirement in RF spec (38.101) is 150us
· If UE supports this feature: “Support of fewer than 14 consecutive sidelink symbols in a slot”, the switching time requirement can be verified by configuring smaller number of consecutive symbols in a slot, and UE has to satisfy the 150us switching time requirement.
· If UE doesn’t support this feature: “Support of fewer than 14 consecutive sidelink symbols in a slot”, the switching time requirement is considered as satisfied when UE satisfied the corresponding scheduling restriction requirement in 38.133 clause 12.9.1.  
For switching position, current RRM requirements suggest up to UE implementation for how to place the switching time. From UE vendor perspective, this will be the ideal resolution, providing the flexibility for implementation. Currently we don’t see how defining switching position can improve system performance. In previous meeting, companies argued that LTE is for safety application therefore has higher priority, and switching position should be placed in NR slots (option 1a in WF). However, when switching decision happens, UE already takes the priority/packet delay requirement into consideration. Since RRM requirement is specified as a “scheduling restriction” requirement, no packet is actually dropped from Tx point of view, only additional delay is applied. For example, for switching from NR to LTE, and if UE chooses:
When switch from NR V2X sidelink to E-UTRA V2X sidelink occurs in NR slot ‘n-1’
·  UE is not expected to transmit or receive on NR V2X sidelink on the slot ‘n-1’. 
Then NR finishes its transmission on slot n-2, and slot n-1 is still kept as NR slot, LTE can only start transmission at subframe n, additional delay is introduced to LTE.
When switch from NR V2X sidelink to E-UTRA V2X sidelink occurs in E-UTRA subframe ‘n’, 
· UE is not expected to transmit or receive on E-UTRA V2X sidelink on the subframe ‘n’.
Then NR finishes its transmission on slot n-1, and subframe n becomes LTE subframe, but LTE can only start transmission at subframe n+1, additional delay is introduced to LTE.
Note that the index in relative to transition point not the absolute index, hence LTE starting transmission at n+1 doesn’t imply larger delay than starting transmission at n, since the transition takes place at different slot/subframe. Same analysis applies to LTE to NR cases.
From above analysis, we observe that no system performance impact for different switching position UE selected. Therefore, leaving this up to UE implementation can provide UE implementation flexibility while no impact on system performance, and we propose to leave it to UE implementation.
Proposal 3: Switching position is up to UE implementation.
· Suggestions for discussion in the coming meeting
In WF from RAN4#96e, options listed cover both switching time and switching position related issues. To reach meaningful agreement, it is better to separate switching time and switching position discussions, as these are two independent issues. 
· For switching time, there are two options:
Option 1: Do not specify switching time requirement in RF
· [QC view] As explained above, RRM agreement requires UE to have one slot or one subframe scheduling restriction when performing the switch, specifying RF requirement with smaller switching time doesn’t improve system performance. RRM requirement is sufficient.
· Our understanding is that note 2 in WF implies option 1: “The switching time in RF session is seemingly not a crucial issue because the switching time 150us is much less than one NR slot / LTE subframe. The switching time in RF session can be considered as satisfied when the scheduling restriction in RRM session applies.”

Option 2: Specify switching time requirement
· Switching time:
Option 2-1.1: 150us
Option 2-1.2: 210us
· Corresponding test
Option 2-2.1: Do not define RF test based on RF requirement, capture switching time in TR 
· [QC view] Option 1 is preferred, but can compromise with option 2 with option 2-2.1. With option 2-2.1, both options 2-1.1 and option 2-1.2 are fine for us.

· For switching position:
Option 1: Use agreed RRM requirement, up to UE implementation
· [QC view]: we support this option.
Option 2: Always in NR slot
Option 3: Always in LTE subframe
Option 4:	Always in the RAT UE switches to
Option 5:	Always in the RAT UE switches from


Conclusion
	· Suggestion for discussion options based on previous meeting WF (options can be added, this proposal aims at suggesting an option structure)

· For switching time, there are two options:
Option 1: Do not specify switching time requirement in RF
· [QC view] As explained above, RRM agreement requires UE to have one slot or one subframe scheduling restriction when performing the switch, specifying RF requirement with smaller switching time doesn’t improve system performance. RRM requirement is sufficient.
· Our understanding is that note 2 in WF implies option 1: “The switching time in RF session is seemingly not a crucial issue because the switching time 150us is much less than one NR slot / LTE subframe. The switching time in RF session can be considered as satisfied when the scheduling restriction in RRM session applies.”

Option 2: Specify switching time requirement [in TR or TS]
· Switching time:
Option 2-1.1: 150us
Option 2-1.2: 210us
· Corresponding test
Option 2-2.1: Do not define RF test based on RF requirement, capture switching time in TR 
· [QC view] Option 1 is preferred, but can compromise with option 2 with option 2-2.1. With option 2-2.1, both options 2-1.1 and option 2-1.2 are fine for us.

· For switching position:
Option 1: Use agreed RRM requirement, up to UE implementation
· [QC view]: we support this option.
Option 2: Always in NR slot
Option 3: Always in LTE subframe
Option 4:	Always in the RAT UE switches to
Option 5:	Always in the RAT UE switches from
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