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1. Introduction

During the study item of V2X, PC5 operation in a PC5 dedicated carrier has been evaluated in RAN1. In the operational aspects described in TR36.885 [1], shared spectrum with Uu is also considered. Actually, several issues in the shared spectrum operation have been identified and enhancements were specified in Rel-12/13 D2D. On the other hand, higher traffic load and severe requirement on latency and reliability is assumed for PC5-based V2V. Therefore we discuss necessity of further enhancements for legacy Uu protection in this contribution.
2. Discussion
Cross interference between Uu and PC5

According to the WID [2], it is expected that RAN2 specifies a mechanism to enable selection between PC5 and Uu for transport of V2V messages within network coverage. Such interface selection is especially beneficial to allow V2V operation in legacy carrier where legacy Uu operation remains. Assuming the radio interface selection, three types of operations shown in Figure 1 can be configured in the co-existence scenario among PC5 based V2V operation and legacy Uu operation. In case (a), both legacy Uu and PC5-based V2V are operated in coverage while Uu-based V2V is not operated. In case (b), PC-5 based V2V operation is not allowed in coverage and Uu-based V2V is operated instead. Case (c) is extensional case of case (a) and (b). In coverage UE is configured with Uu-based V2V and cell edge UE is additionally configured to transmit with PC5-based V2V. With the two radio interfaces, UE transmits same or equivalent V2V message in parallel. It is noted that in coverage UE may monitor PC5-based V2V to detect the UEs out of coverage in any cases.
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Figure 1: Shared spectrum operation among PC5 based V2V and legacy Uu
In case (a), both legacy Uu and PC5-based V2V are operated in coverage. Therefore, serious cross interference is may happen. Although fractional TPC for sidelink is supported in Rel-12 D2D to reduce the interference level in uplink, fixed transmission power of 23 dBm will be configured for PC5-based V2V to meet the requirement on communication range. In the evaluation results in the study item, margin in the link budget is not significant in urban scenario. Therefore, resource pool configuration and eNB resource allocation in sidelink will be utilized to allocate orthogonal resource among uplink and sidelink. However, heavier traffic is assumed for V2V operation compared to that for public safety D2D communication. So limited uplink resource can be utilized for legacy Uu operation. In downlink, all the downlink resource can be utilized for legacy Uu operation.
In case (b), impact of interference from PC5-based V2V is limited because transmitter UEs are limited to out of coverage. However, out of coverage UE cannot detect in coverage UEs because in coverage UE are not configured to transmit on PC5. PRR will be significantly degraded in cell edge due to the limitation. Therefore if Uu-based V2V operation is configured in coverage, at least cell edge UEs should be able to additionally monitor and announce on sidelink as shown in case (c). With this operation, more uplink resource can be utilized for legacy Uu operation because unicast uplink transmission can reduce the resource occupancy in uplink and limited number of in-coverage UE consume uplink resource for transmission in sidelink. Significant downlink and uplink resource will be occupied by Uu-based V2V operation.
Observation 1: Selection between PC5 and Uu for transport of V2V messages within network coverage can control the interference due to PC5-based V2V operation on uplink. 
Another aspect related to interference on Uu is transmission timing of sidelink. In Rel-12, uplink transmission timing was applied for data transmission with mode 1 resource allocation in order to minimize the impact on Uu. It was possible due to that SA transmitted in DL timing is followed by number of data subframes with multiple TBs in Rel-12 and transmission timing optimization has significant gain to reduce interference on uplink. On the other hand, for V2X, typical traffic is intermittent data with several hundred bytes, which can be transmitted within one subframe except repetition. Therefore we consider that merit of the uplink timing does not worth for the signalling cost of 11 bits in SA. It is noted that we are discussing to increase the number of DM-RS symbol within a subframe for V2X and contents of SA can be limited compared to Rel-12 if the same resource size is assumed for SA transmission. Therefore we propose not to use timing advance for the purpose of timing alignment to uplink timing and not to transmit TA in SA. It is also compatible with the multiplexing SA and data in the same subframe.

Observation 2: Considering intermittent transmission with small packet size for V2V traffic, sidelink transmission with uplink timing does not worth 11-bits overhead for TA indication in SA. 
Proposal 1: No timing advance for the purpose of timing alignment to the uplink transmission timing is supported for PC5-based V2V and TA is not indicated by SA.
Simultaneous transmission and reception
In the latter part, we discuss the simultaneous transmission and reception of uplink/downlink and sidelink. In general, most of the issues are not limited to the same carrier operation.

For the parallel transmission in uplink and sidelink in case (c), eNB may try to avoid simultaneous transmission by eNB scheduler if eNB resource allocation is configured for PC5-based V2V. As transmission of V2V message will not frequently happen per UE, e.g., once per 100 ms, such operation is possible. For UE autonomous resource selection, time-domain overlap between uplink transmission and sidelink transmission cannot be avoided. In Rel-12 D2D, uplink transmission is always protected from sidelink transmission, i.e., sidelink transmission is dropped. Thus RAN1 needs to discuss the necessity to reduce/avoid latency due to dropped sidelink transmission when uplink transmission overlaps in time-domain.
Observation 3: For UE autonomous resource allocation, sidelink transmission shall be dropped and additional latency is introduced when uplink transmission and sidelink transmission are overlapped in time-domain.
Proposal 2: RAN1 needs to discuss the necessity to reduce/avoid latency due to dropped sidelink transmission when uplink transmission overlaps in time-domain.

For the parallel reception in case (b) and case (c), it would be difficult to avoid simultaneous reception in FDD carrier because all the subframes could be configured for V2V resource pool considering the traffic volume of V2V. If an UE is equipped with single Rx chain, the UE may not be able to monitor downlink when the UE is interested to monitor PC5-based V2V. Same discussion can be applied to different carrier operation. Furthermore, if a vehicle UE is interested to legacy Uu operation or Uu based V2X other than V2V, same can be said for case (a). Therefore, UEs supporting PC5-based V2V should be equipped with two or more Rx chains. 
Observation 4: If UE is equipped with single Rx chain, the UE is not able to monitor downlink and PC5-based V2V. PRR will be degraded due to downlink monitoring. 
Proposal 3: UEs supporting PC5-based V2V should be equipped with two or more Rx chains.

3. Conclusion

In this contribution, we discussed. Observation and proposals are summarized below.
· Observation 1: Selection between PC5 and Uu for transport of V2V messages within network coverage can control the interference due to PC5-based V2V operation on uplink.
· Observation 2: Considering intermittent transmission with small packet size for V2V traffic, sidelink transmission with uplink timing does not worth 11-bits overhead for TA indication in SA.
· Observation 3: For UE autonomous resource allocation, sidelink transmission shall be dropped and additional latency is introduced when uplink transmission and sidelink transmission are overlapped in time-domain.
· Observation 4: If UE is equipped with single Rx chain, the UE is not able to monitor downlink and PC5-based V2V. PRR will be degraded due to downlink monitoring.
· Proposal 1: No timing advance for the purpose of timing alignment to the uplink transmission timing is supported for PC5-based V2V and TA is not indicated by SA.
· Proposal 2: RAN1 needs to discuss the necessity to reduce/avoid latency due to dropped sidelink transmission when uplink transmission overlaps in time-domain.
· Proposal 3: UEs supporting PC5-based V2V should be equipped with two or more Rx chains.
References

[1] 3GPP, TR36.885 v0.4.0, “Study on LTE-based V2X Services,” Dec. 2015.
[2] LG Electronics, Huawei, HiSilicon, CATT, CATR, “RP-152293 New WI proposal: Support for V2V services based on LTE sidelink,” Dec. 2015.
- 3/3 -

