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1 Introduction
In RAN#73, the Rel-14 V2V WI [1] was approved as completed, and the objectives of Rel-14 V2X WI [2] are updated to cover the leftover objectives that were not finished in V2V WI, besides the original V2X objectives. 
In RAN4, the V2V WI was closed in RAN4#80, based on the WF [3]. Due to late availability of RAN1/2 agreements, RAN4 focused to define RRM requirements for the specific scenario of dedicated carrier stand-alone V2V operation with GNSS as sync source. All the remaining V2V RRM issues are expected to be discussed in V2X WI together with V2X specific RRM issues. 
In RAN4#80bis, interruption requirements for V2X were discussed and the agreements are captured in [4] and copied below.

	· V-UE interruptions requirements
· V-UE has a dedicated Rx chain which is assume to be always switched on
· When V-UE has a dedicated Tx chain, the corresponding chain is assumed to be always switched on.
· No WAN interruptions due to V2V RX
· FFS if there are any WAN interruptions for the case of dedicated TX chain
· P-UE interruptions requirements
· When P-UE has a dedicated Tx chain and/or a dedicated Rx chain, the corresponding chain(s) are/is assumed to be possible to switch on/off for saving battery.
· Interruption requirements are FFS
· Specify 1 subframe WAN interruptions due to V2X (re)configuration for V-UE and P-UE
· Further discuss WAN interruptions due to V2X TX chain switching (for shared TX chain) once RAN1 agreements are made.


In this paper, based on the latest RAN1 and RAN4 RF agreements, we will discuss the interruption requirements for V2X.
2 Discussion
In RAN4#80bis, RF session agreed some MCC scenarios to be supported for V2X from UE RF perspective [5]. In the scenarios, V2X service can be implemented over PC5 or Uu (Aspect 2 in section 4.3.2). In our understanding, Uu based V2X should be same as WAN from physical transmission point of view, thus there is no need to discuss any interruption requirement for it. The RAN4 discussion on interruption should focus on PC5 based V2X.  
Proposal 1: RAN4 discussion on interruption should focus on PC5 based V2X.

V-UE

PC5 V2X sharing WAN carrier

When V2X is operating on the same carrier as WAN, the case is very similar to D2D communication on serving cells. For D2D communication on serving cells, interruption is only allowed for configuration and de-configuration but not during the communication. For D2D communication, a dedicated RX chain is assumed and as the communication period is small the RX chain is assumed to be always switched on, so there is no interruption due to D2D RX. For D2D TX, the same TX chain for WAN can be used, and as D2D communication is best effort based, there is no interruption due to D2D TX.
However, one difference between D2D and V2X to be considered is that WAN is always prioritized over D2D, but V2X may take higher priority than WAN. RAN4 needs to wait for RAN1 agreement on how to handle the prioritization between WAN and V2X. For example, if TX of some V2X message takes higher priority than WAN UL, some WAN UL subframes will be interrupted if UE is configured to use Mode 4. RAN1 is discussing the possible use of gaps which is similar as discovery gap in Rel-13 eD2D, and if gap is introduced no interruption should be allowed. 
It should be noted that, if interruption is allowed, such interruption is not caused by RF switching, so should only apply to the WAN UL of the cell where the V2X is operating, while WAN DL or other serving cells are not impacted.

Proposal 2: For V-UE and V2X on the same carrier as WAN, RAN4 should wait for RAN1 decision on handling of V2X/WAN prioritization to conclude the interruption requirements.

PC5 V2X on dedicated carrier
When V2X is on dedicated carrier, e.g. Band 47, there is interruption to WAN only when V2X is operating in MCC mode, i.e. the case “Multi carrier operation with Band 47 (PC5 V2X) and licensed bands (WAN)” in Aspect 3 in section 4.3.2 of [5].

For V-UE, as it has a dedicated RX chain and the chain will be always switched on, there will be no interruption due to V2X RX. For V2X TX, RAN1 has agreed the following in [6].
	· From RAN1 viewpoint, the following three cases can be supported regarding the capability of LTE V2X devices on the simultaneous transmission of UL and SL.

· Case 1: UL TX and SL TX use separate TX chains and separate power budget

· Case 2: UL TX and SL TX use separate TX chains but sharing power budget

· Case 3: UL TX and SL TX share TX chains and power budget

· It is noted that the most suitable case may be dependent of the V2X use case.
· RAN WGs to identify solution(s) that takes into account the minimum performance of SL TX at least for some important SL TX. RAN WGs needs to reduce possible degradation of Uu operation performance in identifying such solution(s).
· For case 1, RAN1 assumes no physical layer solution is needed.


If UE has a dedicated TX chain, the chain will be always switched on, so there will be no interruption due to V2X TX in Case 1. However, for Case 2 it is possible that V2X TX shares the same power budget as WAN. In this case, even there is no RF switching, WAN UL can still be interrupted due to no power. This is similar issue as shared carrier for V2X and WAN as discussed above, so RAN4 need to wait for RAN1 decision before discussing the interruption requirements.

When UE has a shared TX chain for WAN UL and V2X, it is not decided how RAN1 will handle the case, i.e. whether gap will be introduced or not. Therefore, it may be too early for RAN4 to discuss the interruption requirements.

Proposal 3: For V-UE and V2X on dedicated carrier, no interruption to WAN is allowed if UE has dedicated TX chain and separate power budget for V2X and WAN. 
Proposal 4: For V-UE and V2X on dedicated carrier, RAN4 should wait for RAN1 decision on handling of shared TC chain or power budget to conclude the interruption requirements.

P-UE

The differences between P-UE and V-UE that should be considered when discussing the interruption requirements include

· V-UE has a dedicated RX chain, but it is not necessarily the case for P-UE

· The dedicated RF chain is always switched on for V-UE, but for P-UE the chain can be switched on/off for power saving

For the first issue, we think RAN4 should wait for RAN1 decision on the RX capability of P-UE. In our understanding, as UE has to continuously monitor the transmission from other UEs in the reception pool for V2X operation, WAN DL will be severely impacted if the RX chain is to be shared between WAN DL and V2X RX.

For the second issue, RAN4 should discuss the allowed amount of interruptions, considering both power saving gain the WAN impact. For D2D communication, a 0.5% probability of missed ACK/NACK is allowed if D2D is on non-serving carrier. This translates into 1 subframes allowed to be interrupted every 400 subframes, and such as requirement may not be meaningful for V2X. Therefore, RAN4 should first study the power saving opportunity for both V2X TX and RX, before concluding on the interruption requirements.

Proposal 5: For P-UE, RAN4 should wait for RAN1 decision on RX capability before discussing interruption caused by V2X RX.

Proposal 6: For P-UE with dedicated chain, RAN4 should discuss the allowed amount of interruptions by considering the power saving opportunity for both V2X TX and RX.   

3 Conclusions 

In this paper, we discussed the interruption requirements for V2X. Specifically, we have the following proposals.
Proposal 1: RAN4 discussion on interruption should focus on PC5 based V2X.

Proposal 2: For V-UE and V2X on the same carrier as WAN, RAN4 should wait for RAN1 decision on handling of V2X/WAN prioritization to conclude the interruption requirements.
Proposal 3: For V-UE and V2X on dedicated carrier, no interruption to WAN is allowed if UE has dedicated TX chain and separate power budget for V2X and WAN. 

Proposal 4: For V-UE and V2X on dedicated carrier, RAN4 should wait for RAN1 decision on handling of shared TC chain or power budget to conclude the interruption requirements.

Proposal 5: For P-UE, RAN4 should wait for RAN1 decision on RX capability before discussing interruption caused by V2X RX.

Proposal 6: For P-UE with dedicated chain, RAN4 should discuss the allowed amount of interruptions by considering the power saving opportunity for both V2X TX and RX.      
4 References

[1] RP-161603, Revision of WI: Support for V2V services based on LTE sidelink, LG Electronics, Huawei, HiSilicon, CATT
[2] RP-161894, Revised WI proposal: LTE-based V2X Services, LG Electronics, Huawei, CATT
[3] R4-166755, WF on way to close V2V RRM core requirement timely, LG Electronics, Huawei, CATT
[4] R4-168975, Way Forward on V2V and V2X RRM, Huawei, HiSilicon, LG Electronics, CATT
[5] R4-168237, TP on the operating scenarios for V2X Service, LGE
[6] R1-11000, LS on V2X UE transmission chain, RAN1
