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1. Introduction
In Rel. 12 D2D, the following SA hopping pattern is supported,

· SA resource index is defined to be S

· For Mode 1, this is the 6 bits in D2D DCI (for Mode 1)

· For Mode 2, it is selected by UE

· S is assumed to be between 0 and floor(Nf/2)*Nt where

· Nf is number of frequency resources in the SA resource pool

· Nt is number of sub-frames in SA resource pool

· SA resource pattern is given by

· First transmission given by 
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· Second transmission given by
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· The resources are indices within the SA resource pool

To support UE-to-network relay in Rel. 13 and enhance multiple group communications, multiple SA transmissions to different groups  or different purposes (for instance, when a relay UE transmits two SAs in a SA resource pool, one is for relay packet transmission and another is for broadcast of a packet generated by itself) within a SC period need to be supported. In this contribution, we discuss the issues when the multiple SA transmission within a SC period is supported and the issues on resource allocation for UE-to-Network relay operation. 
2. Multiple SA transmission with in a SC period
Multiple SA transmissions within a SC period 

Let us consider a relay UE communicates with a remote UE and other D2D UEs simultaneously, or relay UE supports multiple remote UE groups. To satisfy the delay constraint of VoIP packet, multiple SA transmission within a SC period needs to be supported. In Rel. 12 Mode 1 operation, multiple SA transmission is not supported since the latest Mode 1 grant before 4ms of the start of SA resource pool is only applied for SA resource pool, but in Mode 2 there is no such kind of constraint. In Rel. 12 SA hopping pattern, if multiple SA resources are randomly selected by Mode 2 UE, discontinuous frequency resource allocation within a subframe can be occurred between different SA resources, and this will break single carrier property of SC-FDMA. Therefore, when a UE selects multiple SA resource indices, it is desirable that time domain collision between different SA resources is avoided. In Fig. 1, an example of SA resource selection is illustrated when Nt=8 and Nf=8 for a SA resource pool. If a UE selects SA resource index #1 for the first SA resource, then the second SA resource should not be in the first and the second subframes. When a Mode 2 UE selects multiple SA resources within a SC period, the selection of SA resources belong to the subframes of the selected SA resource should be avoided. In general, when a Mode 2 UE selects multiple SA resources, SA resources belonging to the subframes of the already selected SA resources should not be selected. Note that similar resource selection method at discovery resource selection in TS36.331 when multiple discovery messages are transmitted within a discovery period is already specified.  
Observation 1: In Rel. 12 SA hopping pattern, if multiple SA resources are randomly selected by Mode 2 UE, discontinuous frequency resource allocation within a subframe can be occurred between different SA resource, and this will break single carrier property of SC-FDMA. 

Proposal 1: Multiple SA transmissions within a SC period need to be supported in Rel. 13. 

Proposal 2: When a Mode 2 UE selects multiple SA resources, SA resources belonging to the subframes of the already selected SA resources should not be selected.
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Fig. 1 An example of multiple SA resource selection
T-RPT selection for multiple transmissions of SA within a SC period 

When multiple SAs are transmitted by a D2D UE within a SC period, different SA selects different T-RPT randomly. In a single UE perspective, occurring time domain collision between different T-RPTs is not desirable. In other words, the number of same 1’s positions between different T-RPTs should be minimized to guarantee the performance each D2D packets. Depending on the number of transmitted SAs within a SC period, supportable k values can be limited to minimize the time domain collision between different D2D packets. For example, in FDD, a UE transmits two SAs within a SC period, the maximum k value should be less or equal to 4. Similar with SA resource selection, T-RPT for multiple destination groups is also selected by time domain exclusively. 
If time-domain exclusive T-RPT selection cannot be supported since the number of SAs to be transmitted in a SC period is too large, some overlaps can be allowed. In this case, prioritization rule between different D2D packets needs to be defined. Group priority level, redundancy version (RV, RV0 has higher priority than other RVs), MCS, and transmit power can be used for D2D packet prioritization when time domain collision is occurred in a single UE perspective. 
If too many remote groups are supported for a relay UE, QoS or traffic size per supported remote group will be diminished. Hence, it is desirable that the number of supported groups (or the number of transmitted SAs) in each resource pool for each relay UE needs to be limited. The limitation of relay UE can be controlled by eNB or preconfigured. 
Proposal 3: When time domain collision is occurred between different D2D packets for a single UE perspective, prioritization rule needs to be specified. 

Proposal 4: The number of supported groups (or the number of transmitted SAs) in each SC period for each relay UE needs to be limited. 
Enhancements for Mode 1
In Rel. 12 Mode 1 operation, a single Mode 1 grant can determine a single SA resource index. To transmit multiple SAs within a SC period, Mode 1 UE can differentiate an updated grant from an additional D2D grant for different group or different purpose. Following agreement was made in in RAN1 #78: Mode 1 grant refers to the next instance of SA resource pool that starts at least 4ms after the subframe on which the Mode 1 grant is transmitted. According to the agreement, if multiple Mode 1 grants are received, UE takes the last one received in 4ms before the start of SA resource pool. 
Observation 2: In the current specification, when multiple Mode 1 grants are received to a UE, the UE cannot distinguish multiple D2D grants whether the received D2D grant is an updated grant for previously received grant or an additional D2D grant.
To support multiple SA transmissions within a SC period, some mechanism for discriminating multiple D2D grants for multiple packet transmissions to different groups or different purpose within a SC period should be supported. Following alternatives can be considered;
Alt 1) Multiple D2D-RNTI can be configured: If an eNB configures multiple D2D-RNTI for a single UE for multiple SA transmission, the UE can distinguish the multiple grants whether the received D2D grant is an updated grant or an additional D2D grant by detecting RNTI.
Alt 2) Subframe set separation for different D2D grant: D2D grant transmission subframes can be separated for different D2D grant. For example, as illustrated in Fig. 2, if two SA resource transmissions are required, even DL subframes are used to indicate D2D grant 1 and odd DL subframes are used to indicate  D2D grant 2. The information of subframe sets can be configured by higher layer signal. 
Proposal 5: To support multiple SA transmissions within a SC period, some mechanism for discriminating multiple D2D grants for multiple packet transmissions to different groups or different purpose within a SC period should be supported. Following alternatives can be considered;
Alt 1) Multiple D2D-RNTI can be configured
Alt 2) Subframe set separation for different D2D grant
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Fig. 2. An example of subframe set separation for different D2D grant
In RAN1 #79, the following agreements about TPC command for DCI format 5 were made: 

Agreement:

DCI format 5 power control parameter applies to D2DSS and PD2DSCH as well as Mode 1 SA and Mode 1 data:
· starting with the first SC period that starts at least 4 subframes after the subframe in which the DCI 5 is received until the end of the SC period
When multiple D2D grants are received for a SA resource pool, there is an ambiguity for applying TPC command to SLSS/PSBCH. Consider the case that one grant to trigger maximum power, and another grant to apply OLPC. In this case, it is desirable SLSS/PSBCH follows maximum power between multiple TPC commands to ensure D2D synch coverage of the D2D broadcast triggered to maximum power transmission. 
Proposal 6: When multiple D2D grants are received for a SA resource pool, it is desirable SLSS/PSBCH follows maximum power between multiple TPC commands.

3. Resource allocation for UE-to-Network relay 
In this section, we discuss how to get the resource allocation of the link between the relay UE and the remote UE. There are two D2D links needed to support UE-to-Network Relays: one is the link from remote UE to relay UE, and the other is the link from relay UE to remote UE. If these two D2D links share a same resource pool without any modification, it is hard to ensure there is no collision on each of the link. If there are some collisions, resource utilization within a resource pool will be degraded and the latency will be increased.
On the other hands, in rel. 12, up to four pools can be preconfigured but the only first pool is used for transmission for both in-coverage and out-coverage. In rel. 13, this constraint is not necessary and should be relaxed to allow transmission for all resource pools for less contention in each resource pool. 

Proposal 7: In Rel. 13, all D2D resource pools can be a transmission pool. 

It is desirable to separate relay UE’s transmission resources and relay UE’s reception resources in time domain to avoid resource collision between two D2D links. As one possible option, relay UE’s transmission pool can be separated with reception pool. For instance, one resource pool is used for relay UE’s transmission and another resource pool is used for relay UE’s reception. In other words, one resource pool of out-coverage UE is aligned with relay UE’s reception pool and one of other pools is aligned with the relay UE’s transmission pool. This can be beneficial in that the resource pool used for the transmission from an OON UE to a relay UE can be tailored in consideration of multi-cell resource pool coordination (e.g., TDM of multi-cell resource pools) while another pool (e.g., the one spans all the UL subframes) can be used in the pure out-coverage scenario. As another option, relay UE’s transmission resource in a pool can be restricted and this information can be preconfigured or delivered via relay discovery message [1]. The remote UE can determine its T-RPT for transmission to avoid the relay UE’s transmission resource.
Proposal 8: It is desirable to separate relay UE’s transmission resources and relay UE’s reception resources in time domain to avoid resource collision between two D2D links (relay UE-to-remote UE and remote UE-to-relay UE). The following options are considered,
Option 1) Tx/Rx pool separation of relay UE

Option 2) T-RPT restriction within a resource pool
4. Conclusion
In this contribution, we discussed communication enhancements for UE-to-Network relay operation. Based on the discussions, the following proposals and observations were made:

Observation 1: In Rel. 12 SA hopping pattern, if multiple SA resources are randomly selected by Mode 2 UE, discontinuous frequency resource allocation within a subframe can be occurred between different SA resource, and this will break single carrier property of SC-FDMA. 

Proposal 1: Multiple SA transmissions within a SC period need to be supported in Rel. 13. 

Proposal 2: When a Mode 2 UE selects multiple SA resources, SA resources belonging to the subframes of the already selected SA resources should not be selected.
Proposal 3: When time domain collision is occurred between different D2D packets for a single UE perspective, prioritization rule needs to be specified. 

Proposal 4: The number of supported groups (or the number of transmitted SAs) in each SC period for each relay UE needs to be limited. 

Observation 2: In the current specification, when multiple Mode 1 grants are received to a UE, the UE cannot distinguish multiple D2D grants whether the received D2D grant is an updated grant for previously received grant or an additional D2D grant.
Proposal 5: To support multiple SA transmissions within a SC period, some mechanism for discriminating multiple D2D grants for multiple packet transmissions to different groups or different purpose within a SC period should be supported. Following alternatives can be considered;
Alt 1) Multiple D2D-RNTI can be configured
Alt 2) Subframe set separation for different D2D grant
Proposal 6: When multiple D2D grants are received for a SA resource pool, it is desirable SLSS/PSBCH follows maximum power between multiple TPC commands.

Proposal 7: In Rel. 13, all D2D resource pools can be a transmission pool. 

Proposal 8: It is desirable to separate relay UE’s transmission resources and relay UE’s reception resources in time domain to avoid resource collision between two D2D links (relay UE-to-remote UE and remote UE-to-relay UE). The following options are considered,

Option 1) Tx/Rx pool separation of relay UE

Option 2) T-RPT restriction within a resource pool
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