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1 Introduction

At the RAN1#89 meeting, sidelink UE-to-NW relaying mode were further discussed. How to solve collisions between sidelink and cellular link was left for further study [1]:

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
This contribution discusses these issues and possible solutions.
2 Discussion
2.1 UE-to-NW relaying mode
At the RAN1#89 meeting, bidirectional relaying mode vs. unidirectional relaying mode was discussed and captured in TR36.746. From the comparative analysis in TR36.746 [2], it can be observed that these two relaying modes share many commonalities at the RAN1 level. However, bidirectional relaying mode supports out of network coverage scenario. From our understanding, design aspects for bidirectional relaying mode can be reused for unidirectional relaying mode with additional consideration on relay discovery [3]. Hence, in this contribution, we focus on discussion for bidirectional relaying mode.
2.2 SL TX/RX and UL TX collision mitigation
If the relay UE has only one TX/RX chain and in-band relay, without SL/UL coordination, collisions are possible. Figure 1 shows two collision scenarios. For instance, as shown on the left hand side, the relay UE cannot receive the SL transmission from the remote UE because of the half duplex limitation. On the right hand side, although the Relay UE can simultaneously transmit the UL and SL in the same band, there can be an in-band emission problem at the remote UE.
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Figure 1. Possible collisions of SL TX/RX and UL TX at Relay UE
Either eNB scheduled or Relay UE assisted resource allocation can alleviate the collisions. TDM between UL transmission resource and sidelink transmission resource is a straightforward way to solve it. In addition, for the relay UE assisted resource allocation, the relay UE can freely schedule the resource for the remote UE within the sidelink resource pool configured by eNB. For the eNB scheduled resource allocation, both the relay UE and the remote UE should be notified of the scheduling information for sidelink transmission or reception. One issue for the eNB scheduled resource allocation in Case 1 shown in Figure 1 is how to allocate resource for the SR and BSR of the remote UE. One solution is to have the remote UE directly sending the SR/BSR to the eNB via cellular link. Another solution is to have a preconfigured sidelink resource pool which is allocated for the remote UEs to transmit the SR/BSR within this pool. The second way can save transmission power of the remote UE at the cost of more sidelink resources.
Proposal 1: In order to mitigate the possible collisions of SL TX/RX and UL TX at the relay UE:
· TDM between uplink transmission resources and sidelink transmission/reception resources for a Relay UE is the baseline.

· From the relay UE perspective, simultaneous transmission of UL and SL is not supported.
2.3 How to deal with collisions of DL RX and SL RX for Remote UE

The remote UE needs to listen to downlink signals such as paging and synchronization signals. Some remote UEs may have only one RX chain, thus need to switch between SL and DL reception. In order to avoid collisions between SL RX and DL RX, as illustrated in Figure 2, a reception gap may be needed.
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Figure 2. Possible collision between SL RX and DL RX at remote UE
For paging, the remote UE is in RRC_IDLE state. Thus, no gap is needed. When the sidelink resource is scheduled by the eNB, the relay UE can forward the paging occasion (PO) of the Remote UE to the eNB. With the relay UE assisted resource allocation case, it is not necessary for the Relay UE to forward the PO to the eNB if the Relay UE knows the PO of the Remote UE.
When the remote UE needs to listen to synchronization signals or system information, a reception gap should be configured and should be known by either the Relay UE or the eNB. For example, when the remote UE is in RRC_IDLE state, the remote UE can configure the gap and signal it to the  relay UE. When the relay UE is in RRC_CONNECTED state, the gap can be configured by either the eNB or the relay UE.
Proposal 2: In order to mitigate the possible collisions of SL RX and UL RX at the remote UE, a reception gap can be configured.
3 Conclusions
Based on the analysis on possible collisions between SL TX/RX and UL TX/RX, we have the following proposals:
Proposal 1: In order to mitigate the possible collisions of SL TX/RX and UL TX at the relay UE:
· TDM between uplink transmission resources and sidelink transmission/reception resources for a Relay UE is the baseline.

· From the relay UE perspective, simultaneous transmission of UL and SL is not supported.

Proposal 2: In order to mitigate the possible collisions of SL RX and UL RX at the remote UE, a reception gap can be configured.
References

[1] Draft_Minutes_report_RAN1#89_v020, Hangzhou, China, May 15-19, 2017.
[2] 3GPP TR36.746 v1.0.0, ‘Study on enhancements to LTE Device to Device (D2D), User Equipment (UE) to network relays for Internet of Things (IoT) and wearables’.
[3] R1-1707038, Huawei, HiSilicon, ‘Considerations on sidelink UE-to-NW relaying mode’, Hangzhou, China, May 15-19, 2017.
