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1 Introduction

In this paper we discuss and present requirements and assumptions related to the necessary LTE sidelink enhancements, as presented in objective 2a of the SID [1]. We also identify some key mechanisms according to objective 2b.
2.
Study necessary LTE sidelink enhancements.

a.
Introduce additional evaluation assumptions to the sidelink evaluation methodology defined in TR 36.843 focussing on analysis of wearable use cases [RAN1,RAN2].

b.
Identify mechanisms to enable QoS, more efficient, reliable, and/or low complexity/cost & low energy sidelink [RAN1, RAN2, RAN4].
c.
Study additional co-existence issues with adjacent carrier frequencies that may arise due to the new mechanisms identified [RAN4].

2 Discussion
2.1 Evaluation assumptions
In this section we discuss some of the evaluation assumptions any proposed sidelink enhancements need to take into account. This includes assumptions on the Evolved ProSe Remote UE and on the Evolved ProSe UE-to-Network Relay, mobility, traffic etc.

Regarding the Evolved ProSe UE-to-Network Relay we think that it can be assumed it has a UE category corresponding to a “Regular UE”, i.e., it is more capable than eMTC UEs and NB-IoT UEs. We also think it can be assumed it has multiple RX chains, similar to the requirements on the ProSe UE-to-Network Relay. One TX chain should be sufficient, as it is not expected the UE will transmit on the sidelink and the uplink at the same time. However, with multiple TXs better performance may be expected in multi-carrier scenarios as the need for retuning is diminished. Compared to the ProSe UE-to-Network Relay we think the impact on device complexity of the Evolved ProSe UE-to-Network Relay should be minimized.
Proposal 1 RAN2 needs to develop evaluation assumptions with respect to the Evolved ProSe UE-to-Network Relay.

Regarding the Evolved ProSe Remote UE we think it can be assumed it has a UE category either Cat-M1 or Cat-NB1. We understand that it can of course have a higher category, but we think the enhancements on the sidelink should be usable by low complexity UEs. This results in a single RX chain and a single TX chain. Compared to Rel-13, the impact of the sidelink enhancements on device complexity should be minimized.

Proposal 2 RAN2 needs to develop evaluation assumptions with respect to the Evolved ProSe Remote UE.

Regarding mobility we think that the mobility of Evolved ProSe Remote UE with respect to E-UTRAN (i.e. handover from eNB1 to eNB2) should be handled according to existing procedures. Enhancements of these procedures are not included in the study. The same argument applies to the mobility of the Evolved ProSe UE-to-Network Relay with respect to E-UTRAN. The mobility of the Evolved ProSe Remote UE with respect to the Evolved ProSe UE-to-Network Relay (i.e. handover from Evolved ProSe UE-to-Network Relay 1 to Evolved ProSe UE-to-Network Relay 2) should be settled. In a typical wearables scenario, they would move together, hence handovers would be uncommon. Because of this we think there is no immediate need to optimize these handover procedures. RAN2 may discuss and settle upon a maximum interruption time if necessary.
Proposal 3 RAN2 needs to develop evaluation assumptions with respect to mobility.

For the study the MTC traffic models in Section A of [2] may be used as a starting point as we expect similar type of traffic from wearable devices.

Proposal 4 RAN2 needs to develop evaluation assumptions with respect to traffic models.

Regarding coverage it is obvious that the Evolved ProSe UE-to-Network Relay is always in coverage of the eNB. With respect to the Evolved ProSe Remote UE it may be either in or out of coverage of the eNB. It may also be in extended coverage, but we are not sure about the immediate impact of any sidelink enhancements. Whether it is in or out of coverage should have a bigger impact. It is further suggested to start the work assuming the Evolved ProSe Remote UE is in coverage and later address the out of coverage case. It is also obvious that the Evolved ProSe Remote UE is in coverage of the Evolved ProSe UE-to-Network Relay. We do not think there is any need to introduce any “extended coverage on the sidelink”. Instead, we might want to reduce coverage (e.g. reduce the number of repetitions) for higher bitrates.

Proposal 5 RAN2 needs to develop evaluation assumptions with respect to coverage.

The SID is quite clear in that both uni-directional and bidirectional mode should be supported. It can be argued that not all sidelink enhancements can be realized in both modes (e.g. a feedback channel) and that should be acceptable. It needs to be properly documented though. Sidelink enhancements which provide benefits for both modes are of course more interesting than solutions only addressing one of the modes.
Proposal 6 RAN2 needs to develop evaluation assumptions with respect to support of unidirectional and bidirectional operation.

How the UEs are synchronized would also impact sidelink enhancements. We think there are two cases, either they are in the same cell (i.e. sharing a common sync) or they are not, which includes the case of the two UEs being in different cells and the case when the Evolved ProSe Remote UE is out of eNB coverage. We think both cases should be supported and we are fine to prioritize the case when the UEs are in the same cell.

Proposal 7 RAN2 needs to develop evaluation assumptions with respect to the synchronization between the Evolved ProSe UE-to-Network Relay and the Evolved ProSe Remote UE.

These evaluation assumptions are summarized in the text proposal.

Proposal 8 RAN2 to agree to the text proposal on evaluation assumptions.

2.2 Sidelink enhancements
In this section we discuss some possible enhancements to the sidelink which could be investigated further in order to address objective 2b, i.e. “to enable QoS, more efficient, reliable, and/or low complexity/cost & low energy sidelink”. We think there are two main areas the work could focus on, providing quick feedback on L2 and enable use of the sidelink for low-complexity/cost devices. We do think that the details of these enhancements may be discussed in other working groups, but as RAN2 is leading the work we outline them below.

2.2.1 Feedback on L2

The current sidelink design is not designed with any quick feedback channel in mind (e.g. PHICH). From the perspective of lower layers all traffic is broadcast and it is up to higher layers using identifiers to sort out to whom the traffic is designated. Feedback channels and broadcast traffic is seldom a good design but in those cases where traffic is of unicast type there would be a clear benefit of introducing a feedback channel of some sorts. This would enable quick HARQ feedback instead of the blind retransmissions which are the current design. It would also be possible to create better link adaptation. Basically a quick feedback channels is a key feature to achieve a reliable and efficient transport service.

Proposal 9 RAN2 to consider a L2 feedback channel as a way to improve reliability and efficiency for sidelink operation.
2.2.2 Sidelink channels for narrow-band

The current sidelink design does not support bandwidths narrower than 6 PRBs. If we want NB-IoT UEs to make use of the benefits of relaying via the sidelink, new L1 channels and procedures which support narrower bandwidths need to be developed. It would also be possible to force NB-IoT UEs to support 6 PRBs if they want to support sidelink, but that would of course increase the complexity and cost of the wearable device or sensor.

Proposal 10 RAN2 to consider sidelink channels for narrow-band as a way to reduce power/complexity for sidelink operation.
3 Text proposal
4 Evaluation assumptions

In this section the evaluation assumptions any proposed sidelink enhancements need to take into account are presented. This includes assumptions on the Evolved ProSe Remote UE and on the Evolved ProSe UE-to-Network Relay, mobility, traffic etc.

Editor’s note: Further evaluation assumptions are FFS.

4.1 Evolved ProSe Remote UE

The following assumptions can be made on the Evolved ProSe Remote UE:

1.
It has a UE category corresponding to a “Regular UE”, i.e., it is more capable than eMTC UEs and NB-IoT UEs.

2.
It has multiple RX chains, similar to the requirements on the ProSe UE-to-Network Relay.

3.
It has at least one TX chain.

4.
Compared to the ProSe UE-to-Network Relay the impact on device complexity should be minimized.
4.2 Evolved ProSe UE-to-Network Relay

The following assumptions can be made on the Evolved ProSe UE-to-Network Relay:

1.
It has a UE category either Cat-M1 or Cat-NB1.
2.
It has a single RX chain.

3.
It has a single TX chain.
4.
Compared to Rel-13, the impact of the sidelink enhancements on device complexity should be minimized.

4.3 Mobility

The following assumptions can be made regarding the mobility of the nodes:
1.
The mobility of the Evolved ProSe Remote UE with respect to E-UTRAN (i.e. handover from eNB1 to eNB2) should be handled according to existing procedures. Enhancements of these procedures are not included in the study. 
2.
The mobility of the Evolved ProSe UE-to-Network Relay with respect to E-UTRAN (i.e. handover from eNB1 to eNB2) should be handled according to existing procedures. Enhancements of these procedures are not included in the study.

3.
The mobility of the Evolved ProSe Remote UE with respect to the Evolved ProSe UE-to-Network Relay (i.e. handover from Evolved ProSe UE-to-Network Relay 1 to Evolved ProSe UE-to-Network Relay 2) should be included in the evaluation, but there is no need to optimize these handover procedures. 
Editor’s note: Whether to introduce a maximum interruption time and the value thereof is FFS.
4.4 Traffic models

The following assumption can be made regarding the traffic models:

1.
The MTC traffic models in Section A of TR 36.888 may be used as a starting point.

4.5 Coverage

The following assumptions can be made regarding the coverage of the various nodes:

1.
The Evolved ProSe UE-to-Network Relay is in coverage of the eNB.
2.
The Evolved ProSe Remote UE may be either in or out of coverage of the eNB.
a.
The in coverage case may be prioritized.
3.
The Evolved ProSe Remote UE is in coverage of the Evolved ProSe UE-to-Network Relay.
4.6 Directionality

The following assumption can be made regarding the directionality of the sidelink:

1.
The sidelink may be either uni-directional or bidirectional.

4.7 Synchronization

The following assumptions can be made regarding the synchronization of the nodes:
1.
The Evolved ProSe Remote UE and the Evolved ProSe UE-to-Network Relay are in the same cell (i.e. sharing a common synchronization source) or they are not.
a.
The case with the two UEs in the same cell may be prioritized.

5 Sidelink enhancements

In this section proposed sidelink enhancements which enable QoS, more efficient, reliable, low complexity, low cost, or low energy sidelink operation are presented.

Editor’s note: Further enhancements are FFS.

5.1 Feedback on L2

5.1.1 Justification
The current sidelink design is not designed with any quick feedback channel in mind (e.g. PHICH). From the perspective of lower layers all traffic is broadcast and it is up to higher layers using identifiers to sort out to whom the traffic is designated. Feedback channels and broadcast traffic is seldom a good design but in those cases where traffic is of unicast type there would be a clear benefit of introducing a feedback channel of some sorts. This would enable quick HARQ feedback instead of the blind retransmissions which are the current design. It would also be possible to create better link adaptation. Basically a quick feedback channels is a key feature to achieve a reliable and efficient transport service.

Editor’s note: Further details are FFS.

5.2 Sidelink channels for narrow-band

5.2.1 Justification
The current sidelink design does not support bandwidths narrower than 6 PRBs. In order to support NB-IoT UEs to make use of the benefits of relaying via the sidelink, new L1 channels and procedures which support narrower bandwidths need to be developed. It would also be possible to force NB-IoT UEs to support 6 PRBs if they want to support sidelink, but that would of course increase the complexity and cost of the wearable device or sensor.

Editor’s note: Further details are FFS.

6 Conclusion

We propose the following:
Proposal 1
RAN2 needs to develop evaluation assumptions with respect to the Evolved ProSe UE-to-Network Relay.
Proposal 2
RAN2 needs to develop evaluation assumptions with respect to the Evolved ProSe Remote UE.
Proposal 3
RAN2 needs to develop evaluation assumptions with respect to mobility.
Proposal 4
RAN2 needs to develop evaluation assumptions with respect to traffic models.
Proposal 5
RAN2 needs to develop evaluation assumptions with respect to coverage.
Proposal 6
RAN2 needs to develop evaluation assumptions with respect to support of unidirectional and bidirectional operation.
Proposal 7
RAN2 needs to develop evaluation assumptions with respect to the synchronization between the Evolved ProSe UE-to-Network Relay and the Evolved ProSe Remote UE.
Proposal 8
RAN2 to agree to the text proposal on evaluation assumptions.
Proposal 9
RAN2 to consider a L2 feedback channel as a way to improve reliability and efficiency for sidelink operation.
Proposal 10
RAN2 to consider sidelink channels for narrow-band as a way to reduce power/complexity for sidelink operation.
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