Page 1

3GPP TSG RAN WG1 Meeting#90                                            
                            R1-1712517
Prague, Czech Republic, 21st – 25th August 2017

Source:
Intel Corporation

Title:
Discussion on Conflict/Collision-Free Sidelink UE-to-NW Relaying for Wearable and IoT Use Cases

Agenda item:
5.2.9.2.3.1

Document for:
Discussion and Decision

1 Introduction

At the RAN1#88bis and RAN1#89, the sidelink UE-to-NW Relaying enhancements for wearable and IoT use cases were discussed within framework of study item on “Further enhanced Device-to-Device communication for wearable IoT and Relays” [1], [2]. The following agreements were made by RAN1 WG:

RAN1#88bis

	Agreement
· Two types of Remote UEs are considered
· Type 1 – UEs that have DL and SL reception capabilities 

· Type 2 – UEs that do not have SL reception capabilities

· Low complexity Remote UEs can have single RX chain 

· In unidirectional relaying case, the chain can be fixed to DL or FFS switched to SL for discovery

· In bidirectional relaying case, the receiver chain may be switched between DL and SL for discovery and communication


RAN1#89
	Agreement
· Study further whether and how to limit collisions of SL TX/RX and UL TX

· Study further whether and how to limit collisions of DL RX and SL RX for Remote UE


In this contribution, we continue discussion on enhanced sidelink UE-to-NW relaying (eRelay) focusing TX/RX collisions at the eRelay and eRemote UEs. Our views on sidelink enhancements for synchronization, discovery and communication targeting wearable and IoT use cases are provided in [3]-[14]. The analysis of performance benefits from the considered sidelink enhancements is presented in [4]-[6].

2 Evolved UE-to-NW Relaying

2.1 UE-to-NW Relaying and TX/RX Collisions
The enhanced energy efficient relaying implies conflict free operation on cellular links and sidelink. In order to avoid TX/RX concurrency, mechanisms to coordinate resources for transmission and reception on cellular link and sidelink are needed. The eRelay UE assisted resource allocation which is being developed in RAN1 WG is one of the options to avoid some of the sidelink conflicts such as SL TX and SL RX at the eRelay and eRemote UE side.
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Figure 1: Conflict free operation in terms of transmission/reception for UE-to-NW Relaying.

For resolution of conflicts with UL TX at eRelay UE, it is also desirable to align cellular UL transmission timeline with eRelay UE operation on sidelink (either sidelink transmission or reception). In the next subsections, we further analyze all potential conflicts and discuss how identified conflicts can be resolved.

2.2 TX/RX Concurrency at eRelay UE

2.2.1 SL TX and SL RX at eRelay UE

This conflict can be addressed by proper implementation of eRelay UE assisted and eNB controlled resource allocation. In eNB controlled mode, both eRelay UE and eRemote UE transmissions are granted by eNB, so concurrency can be resolved by eNB implementation. In eRelay UE assisted mode, eRelay UE controls its own and eRemote UE transmissions, so it can avoid conflict by implementation and proper allocation of sidelink resources.

Proposal 1
· SL TX and SL RX conflict at eRelay UE is resolved by implementation of eNB-controlled and eRelay-UE assisted resource allocation modes.
2.2.2 SL TX/RX and UL TX at eRelay UE

The conflict of SL TX or SL RX with UL TX at eRelay UE is more challenging. Majority of UL transmissions are out of eRelay UE control, given that eRelay UE UL transmissions are subject to eNB scheduling and configuration decisions. If eRelay UE is aware about UL transmission timeline, conflicts of SL TX/RX with UL TX can be resolved by eRelay UE implementation.
In eNB controlled mode, eRelay UE SL TX and UL TX conflict can be detected by both eRelay and eNB and can be resolved by eNB implementation, given that it controls both transmissions. If eRelay UE monitors sidelink grants generated by eNB towards eRemote UEs, it can additionally detect SL RX and UL TX conflicts. On the other hand eNB has all information to avoid both types of conflicts and proper eNB implementation should not cause such conflicts (no motivation), unless it is done intentionally assuming predefined UE behavior.

In eRelay UE assisted mode, eRelay UE controls transmission of eRemote UE and thus eRelay UE can also detect SL TX/RX and UL TX conflicts. In this case, it may be challenging to resolve all conflicts by eRelay UE implementation only, given that it is not aware about eNB UL scheduling decisions.
Analyzing eNB controlled and eRelay UE assisted resource allocation modes it can be concluded that it is feasible to detect SL TX/RX and UL TX conflicts, however their resolution is not straightforward unless eNB informs eRelay UE about UL transmission timeline. Instead of explicit UL timeline indication, eNB may configure sidelink pools or sidelink transmission patterns, so that eRelay UE SL TX/RX activity does not conflict with eRelay UE UL activity. Therefore, SL TX/RX and UL TX conflicts at eRelay UE can be resolved by sidelink resource configuration and proper eNB implementation (resource configuration and scheduling). In case if these conflicts still occur and detected by UE, the legacy rule prioritizing UL transmission over SL transmission/reception can be used. This option has minimum impact on specification and simplifies radio-protocol complexity.
In order to facilitate conflict free operation at the eRelay UE, it is beneficial to have possibility to configure and indicate resource pool(s) or set of resources that can be used by eRelay UE for sidelink transmission. In case if SPS mechanism is supported for Uu and PC5 links, eRelay UE can figure out sidelink resources that can have potential conflict and avoid using those resources. The SPS configuration(s) itself can be interpreted as a UE specific resource pool(s) to facilitate conflict free operation if it is configured and activated. However these aspects may not require additional standardization efforts and can be handled by implementation. If it is not handled by implementation then current UE sidelink behavior that prioritizes WAN transmission can be reused.

Proposal 2
· SL TX / RX with UL TX conflicts at eRelay UE are resolved by sidelink resource configuration and eNB implementation.
· WAN transmission is prioritized over sidelink TX/RX by eRelay UE.

2.2.2.1 ACK/NACK Impact on UE-to-NW Relaying
In case of bi-directional relaying, the legacy HARQ mechanism can be reused at the Uu link in both DL and UL transmission directions. The enhancements aiming to reduce half-duplex constraints at eRelay UE can be beneficial. For instance, instead of acknowledging each DL transmission from eNB, eRelay UE can acknowledge multiple PDSCH transmissions using single UL transmission, combining multiple ACK/NACKs. It will help to utilize eRelay UE chains for sidelink communication with eRemote UE(s) and thus increase the overall DL relaying throughput at least in FDD spectrum. For UL transmission direction, the legacy HARQ behavior for PUSCH can be preserved given, that eRelay UE is supposed to have dedicated RX chain for DL reception.
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Figure 2: Bidirectional DL & UL Relaying.

Observation 1
· DL HARQ enhancements on cellular link are desirable to reduce half-duplex impact due to PDSCH acknowledgements from eRelay UE.

· UL HARQ can be reused, given that eRelay UE has dedicated chain for DL reception.

Although it is clear that ACK/NACK feedback signaling for PDSCH transmission may restrict maximum DL relaying performance, the potential solution of this problem has significant implications on Uu air-interface. Considering that support of very high rate traffic is not the major goal of the study item and large impact on specification, the ACK/NACK enhancement may be de-prioritized at least for R15 work item.

2.3 TX/RX Concurrency at eRemote UE

2.3.1 SL RX and DL RX at eRemote UE

This conflict may exist only if eRemote UE has constrained reception capabilities and shares the RX chain between DL and SL reception in FDD systems. In general, this conflict cannot be even detected by eRemote UE. Therefore potential solutions to address this can be a predefined UE behavior:

1) eRemote UE monitors SL (switches receiver chain to SL), if it is linked with eRelay UE and does not monitor Uu.
2) eRemote UE periodically switches receiver chain between DL and SL.
In the first case, eRemote UE path switching may not work properly, if eRemote UE does not monitor Uu link for a long term.

In the second case, mechanism similar to discovery gap can be applied. Considering that linked eRemote UE may spend more time on PC5, the gap can be defined with respect to PC5 operation. This gap can be used by eRemote UE to conduct measurements at Uu link and may occur on a long term basis.
Proposal 3
· Gap mechanism is introduced to monitor Uu link by eRemote UE when it is linked to eRelay UE.

2.3.2 SL TX and SL RX at eRemote UE

This conflict can be addressed by proper implementation of eRelay UE assisted and eNB controlled resource allocation. In case of eNB controlled mode, the eRemote UE and eRelay UE transmission is granted by eNB. In case of eRelay assisted resource allocation mode, eRelay UE may control eRemote UE transmission and reception resources.
Proposal 4
· SL TX / RX conflict(s) at eRemote UE is resolved by configuration and implementation of eNB-controlled and eRelay UE-assisted resource allocation modes.
3 Summary

In this contribution, we analyzed the problem of potential TX/RX collisions in case of UE-to-NW relaying. We noticed that with introduction of eRelay UE assisted resource allocation mode many collisions on sidelink may be resolved. The collisions with UL transmission at eRelay UE may be addressed by proper resource configuration and eNB scheduling. The ACK/NACK feedback on PDSCH transmission can affect eRelay UE DL relaying throughput, however considering that eRemote UEs are bandwidth limited the problem may not be very significant. Therefore WAN transmission can be prioritized over sidelink. Finally, RAN1 still needs to discuss the problem of SL and DL reception for eRemote UE with single RX chain. The gap based solutions can be used to address this problem. Based on analysis in this paper we have following proposals:
Proposal 1
· SL TX and SL RX conflict at eRelay UE is resolved by implementation of eNB-controlled and eRelay-UE assisted resource allocation modes.
Proposal 2
· SL TX / RX with UL TX conflicts at eRelay UE are resolved by sidelink resource configuration and eNB implementation.
· WAN transmission is prioritized over sidelink TX/RX by eRelay UE.
Proposal 3
· Gap mechanism is introduced to monitor Uu link by eRemote UE when it is linked to eRelay UE.
Proposal 4
· SL TX / RX conflict(s) at eRemote UE is resolved by configuration and implementation of eNB-controlled and eRelay UE-assisted resource allocation modes.
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