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1. Introduction

At the RAN#67 meeting, a revised work item on Proximity service (ProSe) enhancements was approved [1]. One of the objectives for the WI is ProSe UE-to-network relay to enable network coverage extension using D2D relay. In this contribution, we provide our views on the D2D resource pool configuration for the ProSe UE-to-network relay.
2. Resource pool configuration
In Rel-12 specification, it is assumed that the out of coverage UEs use pre-configured resource pool for transmission and reception while in coverage UE is configured with its resource pool(s) for transmission and reception. No resource pool configuration relay is supported in the Rel-12 specification. Even though partial coverage communication is possible by setting the in coverage resource pool configuration and pre-configured resource pool configuration common, such assumption may highly limit the operational flexibility to adjust the resource pool size per cell according to the D2D traffic. Especially for the UE-to-network relay, D2D communication only happens between relay UE which is in coverage and remote UE which is typically out of coverage. If we assume pre-configured resource pool for the UE-to-network relay, benefit of SIB/RRC based resource pool configuration is reduced.
Observation 1:
If pre-configured resource pool is assumed for the UE-to-network relay, benefit of SIB/RRC based resource configuration is reduced.
Furthermore, if the transmission resource for remote UE is not controlled by eNB, then eNB may assume that whole subframes in the pre-configured resource pool could be utilized for UE-to-network relay communication. When uplink transmission and sidelink transmission/reception are time-overlapped on the in-band UE-to-network relay, uplink transmission would be prioritized and performance on access link would be degraded. If eNB attempts to avoid the time-overlap on the relay UE, eNB has to avoid uplink scheduling for all the subframes within the pre-configured resource pool and this consequently degrades uplink throughput, i.e., backhaul link performance. Therefore, either access link or backhaul link throughput will be degraded if radio resource configuration for UE-to-network relay is not controlled by eNB. 
Observation 2:
For in-band UE-to-network relay, either access link or backhaul link throughput will be degraded if radio resource configuration for UE-to-network relay is not controlled by eNB

In order to minimize the impact due to collision, eNB should be able to control the radio resource which is used between relay UE and remote UE. When the remote UE is out of coverage, configuration relay would be necessary. Configurable resource pool is also beneficial to balance the access link throughput and backhaul link throughput. Therefore, we propose:
Proposal 1:
Relay UE uses eNB configured resource pool for UE-to-network relay.
Proposal 2:
Remote UE can use an eNB configured resource pool via in coverage UE, e.g., relay UE, for UE-to-network relay.

The resource configuration relay should be applied to the resource pool for communication. Regarding the resource pool for relay discovery, it could be pre-configured without eNB control if the transport channel is PSDCH for which small portion of subframes are used.
For the resource configuration relay, required information bits and transport channel would be considered as major issue as discussed in Rel-12. Assuming single-hop relay in the UE-to-network relay, some simplification can be considered. If the parameter transferred to remote UE is a subset of pre-configured resource pool, e.g., subframe pattern within the pre-configured resource pool, reserved bits in PSBCH or AS parameters in the relay discovery can carry the information (Alt. 1). If reserved bits in PSBCH are utilized for Alt. 1, limited parameter can be carried considering the available 19 bits in PSBCH. Resource configuration is limited to cell specific configuration if PSBCH is utilized. On the other hand, relay UE specific configuration is possible if transport channel for relay discovery is used for Alt. 1 since resource configuration could be included in the relay discovery. With relay specific resource configuration, interference randomization is expected. 
If resource pool configuration is fully transferred, additional logical D2D broadcast channel (D2D SIB) or stateful control signaling between relay UE and remote UE would be required (Alt. 2). For the D2D SIB, transport channel for relay discovery could be re-used to carry the broadcast information. Similar to the discussion in Alt. 1, the D2D SIB could be either cell specific or relay UE specific. Remote UE can transmit and receive direct communication using configured resource pool after the relay selection. The stateful control signaling which is inherently relay specific may have significant impact on higher layer procedure since current specification assumes stateless direct communication at least in L1 and L2. Thus, broadcast signaling would be preferable for Alt. 2. 
If the specification impact is acceptable, Alt. 2 provides better performance and flexibility while Alt. 1 is simpler. Therefore, we propose to select from the following signaling options for the resource configuration. 
Proposal 3:
Resource configuration scheme for the remote UE is selected from following options and send a LS to RAN2 to ask whether Alt. 2 is feasible.
· Alt. 1 Configure subset of pre-configured resource pool, e.g., subframe pattern
· By reserved bits in PSBCH
· By transport channel for relay discovery
· Alt. 2 Configure resource pool 
· By new logical D2D broadcast channel (D2D SIB)
3. Resource allocation options
Regarding the resource allocation options, i.e., whether eNB resource allocation or UE autonomous resource allocation, we consider both options are applicable for relay UE and UE autonomous resource allocation is sufficient for the remote UE. Even if pre-configured resource pool is used for the relay communication, mode 1 resource allocation is still beneficial to realize efficient resource allocation within a cell. Some enhancement for the relay communication in order to accommodate time-orthogonal subframes is considered. If semi-static allocation is sufficient, this could be part of resource pool configuration, .e.g., relay UE and remote UE have separate resource pool for transmission. 

D2D Relay with multiple remote UEs

We consider that it is beneficial to enable a single relay UE to serve multiple remote UEs (e.g. unicast traffic) or communication groups (e.g. GCSE), because:

1) The number of RRC_CONNECTED UEs could be reduced if multiple remote UEs access the NW via the same relay UE; 

2) The overall UE energy consumption and RRC connection overhead can be in-turn reduced;

3) Less interference can also be expected among communications between remote UEs and relay UEs. 
However, for Rel-12 D2D communication, it is specified [4]:

· “for PDU(s) associated with one SCI, MAC shall consider only logical channels with same Source Layer-2 ID-Destination Layer-2 ID pairs”
· “there is one Sidelink HARQ Entity at the MAC entity for transmission on SL-SCH, which maintains one Sidelink process” 
· “UE shall consider the received sidelink grant to be a configured sidelink grant occurring in those subframes starting at the beginning of the first available SC Period which starts at least 4 subframes after the subframe in which the sidelink grant was received, overwriting a previously configured sidelink grant occurring in the same SC period, if available”
Therefore, in Rel-12, single SCI transmission per SC period is assumed for both Mode 1 and Mode 2 D2D communication. Based on the assumption, if a relay UE forwards DL data to multiple remote UEs in parallel, it has to transmit data to different destination in different SC period as shown in Figure 1. The DL data communication latency will be increased proportional to the number of remote UEs, and the resource may be wasted for less scheduling flexibility. The end-to-end latency is a critical issue e.g. for GCSE [5]. Therefore, we propose:
Proposal 4: Parallel data transmission within a SC period is supported.
To support parallel data transmission in a SC period, following alternative solutions can be considered:

Option 1) UE transmits multiple SCIs in a SC period as shown in option 1 of Figure 1, where different SCI is for different source layer-2 ID destination layer-2 ID pair. Although the data communication latency is improved, the overhead of SCI transmission and UE complexity required for the relay UE will be increased. 
For Mode 1 resource allocation, sidelink grant should be modified to support multiple sidelink grant within a SC period as discussed in [6]. Since current specification supports overwriting of the sidelink grant, some modification, e.g., search space segmentation, is required. It is not preferable to introduce new DCI format which supports parallel sidelink grant considering UE complexity.
For Mode 2 resource allocation, it is possible that multiple SCIs or data is scheduled to transmit in the same subframe, for example, the sidelink grant determining the subframes in which transmissions occur is randomly selected in Mode 2 communication [4]. UE may randomly drop one transmission if collision happens, or UE may jointly schedule the transmission of different SCIs and corresponding data such that in each subframe only a single transmission will happen.

Option 2) If the ID in SCI is common among remote UEs or destination groups for reception of DL data from the relay UE, a single SCI transmission can accommodate parallel data transmissions within a SC period (as shown in option 2 of Figure 1). The SCI ID could be assigned by the relay UE during the connection establishment. Remote UEs can filter the received data in layer 2 or layer 3. 
If the remote UEs have common L2 group destination ID, layer 3 filtering is assumed. Since layer 1 filtering is disabled in this option, additional power consumption is expected for data reception on the remote UE. In order to enable layer 2 filtering using single SCI transmission, further enhancement is considered. E.g., the same Sidelink Control Layer-1 ID (8 bits LSB part of the Destination Layer-2 ID) is assigned to the remote UEs. It is different from group communication as the 16 bits MSB part of the Destination Layer-2 ID carried within the MAC header is different. The data received by the remote UEs would be filtered not in layer 3 but in layer 2. With option 2, data communication latency would be reduced without increasing SCI transmission overhead. 
Both option 1 and 2 may have impact on RAN2 discussion, i.e. sidelink grant or SCI ID assignment. Therefore, we propose:

Proposal 5: RAN1 should decide the solution used to enable parallel data transmission within a SC period, and send LS to RAN2.
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Figure 1: Data transmission to multiple remote UEs

4. Conclusion

In this contribution, we discussed resource allocation options for the UE-to-network relay. Observation and proposals are summarized below.
· Observation 1:
If pre-configured resource pool is assumed for the UE-to-network relay, benefit of SIB/RRC based resource configuration is reduced.
· Observation 2:
For in-band UE-to-network relay, either access link or backhaul link throughput will be degraded if radio resource configuration for UE-to-network relay is not controlled by eNB
· Proposal 1:
Relay UE uses eNB configured resource pool for UE-to-network relay.
· Proposal 2:
Remote UE can use an eNB configured resource pool via in coverage UE, e.g., relay UE, for UE-to-network relay.
· Proposal 3:
Resource configuration scheme for the remote UE is selected from following options and
· Alt. 1 Configure subset of pre-configured resource pool, e.g., subframe pattern
· By reserved bits in PSBCH

· By transport channel for relay discovery

· Alt. 2 Configure resource pool 
· By new logical D2D broadcast channel (D2D SIB)

· 
Proposal 4: Parallel data transmission within a SC period is supported
· Proposal 5: RAN1 should decide the solution used to enable parallel data transmission within a SC period, and send LS to RAN2.
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