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1. Introduction
RAN1 discussed UE sidelink transmission capability in RAN1 86b meeting. Three cases can be supported regarding the capability of LTE V2X devices on the simultaneous transmission of UL and SL. No physical layer solution is needed for case 1. For case 3, when UL TX overlaps in time domain with SL TX in the shared (or same) carrier frequency, RAN1 agreed the UE shall drop the UL TX if the PPPP of SL packet is above a (pre)configured PPPP threshold, otherwise SL TX is dropped [1]. Then, the remaining issue is how to allocate power when UL TX and SL TX overlap in time domain in different carrier frequency, which is discussed in this contribution. 
Agreements:
· 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.

Agreement:
· When UL TX overlaps in time domain with SL TX in the shared (or same) carrier frequency, 

· the UE shall drop the UL TX if the PPPP of SL packet is above a (pre)configured PPPP threshold, otherwise SL TX is dropped
2. Discussion

In D2D, when UE is power limited, UE shall adjust the power of D2D transmission on one carrier without the impact to WAN transmission on another carrier. That is to say, WAN transmission (UL TX) always prioritizes over D2D. But in V2X, considering the importance of some V2X traffic type, the performance degradation of such important V2X transmission should be avoided. Hence, new mechanism of power sharing between UL TX (WAN) and SL TX (V2X) is needed. 

There’re two scenarios to be considered for V2X and WAN transmission on different carriers. 
· look-ahead scenario
That means UE knows actual WAN TX/V2X TX transmission in the latter part of the overlap portion when UE prepares the transmission power of V2X TX/WAN TX. The typical scenario is the timing difference between WAN TX and V2X TX is less than certain range, e.g., around 33us assumed in CA. Then, similar to UL power allocation procedure in CA, UE scales the power according to the priority rule. V2X TX prioritizes over WAN TX if PPPP of SL packet is above a (pre)configured PPPP threshold, otherwise WAN TX has higher priority. 
Proposal1:  In look-ahead scenario, CA based power allocation according to priority rule is reused. The SL TX prioritizes over UL TX if PPPP of V2X packet is above a (pre)configured PPPP threshold, otherwise UL TX has higher priority.  
· Non look-ahead scenario 
That means UE does not know actual WAN TX/V2X TX transmission in the latter part of the overlap portion when UE prepares the transmission power of V2X TX/WAN TX. The typical scenario is asynchronous transmission between WAN TX and V2X TX shown in Figure 1. For example, V2X TX is based on GNSS timing while WAN TX is based on uplink cellular timing wherein the timing difference could be up to 0.5ms. Even if V2X TX and WAN TX share the same sync source of eNB, the timing difference between DL and UL timing could be larger than that defined in CA. 

[image: image1.emf]Subframe

m

Subframe

m+1

Subframe

m+2

Subframe

m+3

Subframe

m+4

WAN Carrier

V2X Carrier

Subframe

m-1

V2X traffic arrival

PSSCH/PSCCH

Subframe

n

Subframe

n+1

Subframe

n+2

Subframe

n+3

Subframe

n+4

Subframe

n-1

UL grant PUSCH 


Figure 1

Then, when UE prepares transmission power of WAN TX, UE may not know the appearance of lagged V2X TX, and vice versa. There’re two possible way to prepare the WAN TX power. 

· Alternative 1: To take full advantage of available TX power, the leading WAN TX transmission power could take up to Pcmax. When prioritized V2X TX overlaps with latter part of WAN TX, UE has to drop WAN TX rather than scale transmission power of WAN TX when V2X transmission power cannot be satisfied, due to little processing time to adjust the WAN TX power again. 
In Rel-12 D2D, alternative 1 is used with the assumption that WAN TX is prioritized over D2D traffic. It does not cause much trouble to drop D2D considering the typical D2D service is not very time sensitive. However, when critical V2X traffic overlaps with WAN transmission, WAN is dropped which impacts the WAN performance. Considering the minimum periodic of V2X traffic is 20ms and it may be transmitted twice within the period, the WAN performance degradation caused by WAN TX dropping is non-negligible, especially when control signaling or latency sensitive service carried by WAN TX is dropped. For UEs configured with mode 3, eNB may avoid scheduling important WAN TX in time resources potentially used for V2X transmission, but it still has some impact on both WAN DL and UL transmission. For UEs configured with mode 4, eNB may have no knowledge of time resource for V2X, thus cannot avoid WAN TX dropping by proper scheduling. 
When WAN TX dropping is inevitable, the rule of dropping should be defined to somehow protect the important UL transmission. For example, for WAN TX on more than one UL carrier, UE should drop the WAN TX with lower priority, such as PUCCH > PUSCH with UCI > PUSCH. 
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Figure 2
· Alternative 2: To avoid WAN TX dropping, power allocation based on guaranteed power for dual connectivity can be reused. That is, reserve P_SL and/or P_UL towards each TX if there is potential V2X TX and/or WAN TX, and the remaining power is first made available to TX associated with earlier transmission. The subframes n + d +P*j ( j=i, 2*i, …, 10*SL_RESOURCE_RESELECTION_COUNTER*i) reserved by configured sidelink grant are deemed as potential V2X TX transmission subframe, in which P_SL is reserved for V2X TX when UE prepares the transmission power for WAN TX overlapping with these subframes and V2X packet has not arrived. The reserved P_SL could be either guaranteed minimum power configured by eNB or equals to the TX power of last V2X transmission if PPPP of SL packet is above a (pre)configured PPPP threshold. In other subframes, WAN TX could use up to Pcmax without reserved power for V2X TX. 
Because first V2X TX after resource reselection is not predictable, UE still has to drop the overlapped WAN TX if the V2X TX has higher priority. As shown in Figure 3, if the total power of PUSCH in subframe n0 and 1st PSSCH/PSCCH transmission after resource reselection in subframe m0 would exceed Pcmax, and if the 1st PSSCH/PSCCH prioritizes over PUSCH, UE has to drop PUSCH in subframe n0. But for the reserved V2X subframe m+4, UE could scale the transmission power of PUSCH in subframe n+4 in advance with the assumption of PSSCH/PSCCH in subframe m+4 with the same power of 1st PSSCH/PSCCH. 
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Figure 3
It is noted that the probability of WAN TX dropping is far less frequent than alternative 1, e.g., 1/10 if 5 periods are reserved. In addition, UE could select the next available subframe for first V2X TX if important WAN TX happens to be in the first available subframe after resource reselection but there is not enough power to support simultaneous V2X and WAN TX. 
Consequently, for most of the time, the performance of V2X TX with high PPPP level is guaranteed, while the WAN TX could make the best of the remaining power. 
Proposal2: In non look-ahead scenario, dual-connectivity power allocation is preferable to be used to  guarantee the transmission power for prioritized SL TX in reserved subframe by configured sidelink grant.
3. Conclusion
In this contribution, the power allocation between SL TX and WAN TX in different carriers is discussed for look-ahead and non-look ahead scenarios. The proposals are, 

Proposal1:  In look-ahead scenario, CA based power allocation according to priority rule is reused wherein the SL TX prioritizes over UL TX if PPPP of SL packet is above a (pre)configured PPPP threshold. 
Proposal2:  In non look-ahead scenario, dual-connectivity power allocation is preferable to be used to  guarantee the transmission power for prioritized SL TX in reserved subframe by configured sidelink grant. 
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