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1 Introduction
RAN plenary #75 approved a work item for 3GPP V2X Phase 2 [1] to support advanced V2X services which are identified in SA1 TR 22.886 [2]. Carrier aggregation was included as one of the objective of the WID as stated below:

1. Specify solutions for the following PC5 functionalities, which can co-exist in the same resource pools as Rel-14 functionality and use the same scheduling assignment format (which can be decoded by Rel-14 UEs), without causing significant degradation to Rel-14 PC5 operation compared to that of Rel-14 UEs: [RAN1, RAN2, RAN4]

a) Carrier aggregation (up to 8 PC5 carriers);

b) 64QAM;

c) Reduce the maximum time between packet arrival at Layer 1 and resource selected for transmission;

d) Radio resource pool sharing between UEs using mode 3 and UEs using mode 4;
In this paper, we address possible ways to reduce latency and impact on RAN2 specifications.
2 Discussion
Advanced V2X operations for evolved LTE RAT and NR should target a new set of use cases which demand more stringent requirements on the needed data rate, reliability, latency and communication range, etc.
Regarding the sidelink latency aspects, most of the possible improvements lie on the RAN1 domain. For example, one way to reduce latency is to reduce the resource selection window. More specifically, according to physical layer procedures, a UE receiving a packet at subframe n at the physical layer will search for a resource in the interval [image: image1.wmf]]
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. Hence, in order to reduce the maximum time between packet arrival and transmission, a possible way is to reduce the lower bound of T2.


Observation 1 Mechanisms to reduce sidelink latency aspects are mainly in RAN1 domain, e.g. reduce the resource selection window for mode-4.
From RAN2 perspective, the only thing that we believe might turn to be useful to reduce sidelink latency is to reduce the SPS periodicities. In fact, mode-3 scheduling might be inefficient in terms of latency in both cases of dynamic mode-3 scheduling and SPS mode-3 scheduling. 


· If mode-3 dynamic scheduling is used, the UE should first request resources from the eNB via scheduling request (SR). UE has periodic timeslots for SR transmissions (typically on a 5, 10, or 20 ms interval). After receiving the SR, the eNB might need a SL BSR before preparing a proper SL grant and deliver it to the UE. Hardware limitation imposes a minimum time for the UE to receive the grant, process it, and encode the SL packet to be transmitted. In any case, additional latency has to be expected depending on the temporal structure of the mode-3 pool. Finally, the UE can transmit in the granted subframe(s).
· If mode-3 SPS scheduling is used, the control signalling overhead is certainly smaller than the mode-3 dynamic scheduling. However, the latency might still be an issue. As agreed in Rel.14 the shortest periodicity that can be configured for SL SPS is 20ms. Even assuming that the UEAssistanceInformation aids the eNB to match the SPS grant timing with the actual traffic periodicity, the CAM packet periodicity will very likely diverge at least occasionally depending on vehicle speed, trajectory etc. Moreover, the advanced V2X traffic type is not necessarily periodic as the CAM/DENM traffic assumed in V2X Phase 1.
Given the above observations it seems useful to shorten the possible SPS periodicities. That would allow V2V UEs to enjoy at the same time the reliability of mode-3 scheduling (which is inherently more reliable than mode-4 communications based on sensing) and the short latency which is crucial for some V2X traffic types. This would also boost the efficiency of mode-3 scheduling compared with other competitor technologies such as DSRC which do not suffer from the latency and signalling overhead of mode-3 scheduling. Clearly, short SPS periodicities might have the drawback of wasting radio resources but we assume that the network should only assign short sidelink periodicities to UEs which are executing traffics deserving short latency and high reliability.
Observation 2 Shortening SL SPS periodicities would make mode-3 scheduling more competitive against other ITS technologies, since V2V UEs may enjoy at the same time short latency and the reliability of mode-3 scheduling which is crucial for advanced V2X traffic types.
Proposal 1 Extend to the SL the short SPS periodicities (1ms, 2ms, 3ms, 4ms, 5ms, 10ms) specified in Rel-14 for the Uu.    
2.1 SPS confirmation
In Rel.14, in the context of V2X, it was introduced the possibility for the network to configure multiple SPS configurations both for the sidelink and Uu. In Rel.14, it was also introduced in the latency reduction WI [4] a new SPS confirmation feature for the Uu. This feature is particularly useful for the case in which the UE is allowed to skip the UL grant, because in such case the eNB cannot realize, by simply monitoring the UL transmissions, whether a certain SPS activation/release command was correctly received.

The same motivations also apply to the sidelink SPS case, because upon activating/releasing a sidelink SPS configuration, the eNB will not be able to realize whether the sidelink SPS activation/release command was correctly received by the UE. Therefore, in order to have a full control of the cellular resources and reduce the wastage, it is very beneficial to introduce an SPS confirmation feature also for the sidelink. This is even more true when very short SPS periodicities are used. In our paper [5], it is proposed to introduce in Rel.14 a sidelink SPS confirmation procedure which should be aligned with the design of the legacy Uu SPS confirmation.
Observation 3 In [5], it is proposed to introduce in Rel.14 a sidelink SPS confirmation (which should be aligned with the legacy Uu SPS confirmation) in order to allow the network to have a better control of the cellular resources and limit resource wastage.

However, both for the Uu and SL, an SPS confirmation feature where only one SPS configuration can be confirmed at a time might not be suitable with the multiple SPS configurations that can be configured to a UE. 
As we argued in RAN2#98 in our paper [3], the existing SPS confirmation was designed for legacy LTE Uu, where only one SPS configuration is supported. This may not be efficient when multiple SPS configurations (up to 8 SPS configurations for sidelink and Uu, respectively) can be configured simultaneously and possibly on different carriers. More specifically, the existing SPS confirmation MAC Control Element has a fixed size of zero bits, and there is no way to explicitly indicate which of the multiple SPS activation/release commands was correctly received.

If a zero-bits MAC CE is reused to confirm the multiple SPS activation/release, the following can happen:

· The eNB activates/releases the SPS configurations sequentially, e.g. every TTI, and then wait for the corresponding MAC CE containing SPS confirmation which, assuming that the UE has grant in each TTI, should also be received sequentially by the eNB. However, it can happen that some of such expected MAC CEs are not sent/received by the UE because e.g. of message lost, or other MAC CEs with highest priority to be transmitted, or SL prioritization, etc. Or, most likely assuming that the UE does not have Uu grants available in each TTI, multiple SPS confirmation MAC CEs might be received bundled when a Uu grant is available. As such, the eNB might not know to which SPS configuration the different MAC CEs refer to.

· The eNB activates/releases SPS configurations one by one, i.e. a new SPS activation/release is sent upon reception of the SPS confirmation for the previous SPS activation/release. In this way, the issue above is avoided but latency would be dramatically affected. Given that there can be up to 16 SPS configurations (8 for V2X UL SPS, and 8 for V2X SL SPS), it might take more than 120ms to confirm all the SPS configurations. 

Observation 4 A zero-bits SPS confirmation MAC CE can be inefficient when multiple SPS activation/release commands can be received by the UE, i.e. it might lead to dramatic latency issues, or ambiguity.

The above argument holds for both the sidelink and the Uu. However, considering that the eV2V WI only addresses sidelink enhancements, it is proposed to tackle the issue mentioned in Observation 4 at least for the sidelink, and leave to other work items how to solve the problem for the Uu.

Hence, given the above considerations, it seems reasonable to introduce a sidelink SPS confirmation to cope with the sidelink multiple SPS configurations.

Proposal 2 Specify in Rel.15 a sidelink SPS confirmation to cope with the sidelink multiple SPS configurations.  
3 Conclusion

In section 2 we made the following observations:
Observation 1
Mechanisms to reduce sidelink latency aspects are mainly in RAN1 domain, e.g. reduce the resource selection window for mode-4.
Observation 2
Shortening SL SPS periodicities would make mode-3 scheduling more competitive against other ITS technologies, since V2V UEs may enjoy at the same time short latency and the reliability of mode-3 scheduling which is crucial for advanced V2X traffic types.
Observation 3
In [5], it is proposed to introduce in Rel.14 a sidelink SPS confirmation (which should be aligned with the legacy Uu SPS confirmation) in order to allow the network to have a better control of the cellular resources and limit resource wastage.
Observation 4
A zero-bits SPS confirmation MAC CE can be inefficient when multiple SPS activation/release commands can be received by the UE, i.e. it might lead to dramatic latency issues, or ambiguity.


Based on the discussion in section 2 we propose the following:
Proposal 1
Extend to the SL the short SPS periodicities (1ms, 2ms, 3ms, 4ms, 5ms, 10ms) specified in Rel-14 for the Uu.
Proposal 2
Specify in Rel.15 a sidelink SPS confirmation to cope with the sidelink multiple SPS configurations.
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