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[bookmark: _Ref301342314]Introduction
In RAN Plenary #66 meeting, a new WI of ProSe enhancement was agreed. In this WID, the following objective is included [1];
	1. Define enhancements to D2D communication to enable the following features:
0. Support the extension of network coverage using L3-based UE-to-Network Relays, including service continuity (if needed), based on Release 12 D2D communication, considering applicability to voice, video. [RAN2, RAN1, RAN3]. (RAN3 involvement pending on progress in the other groups)



In this contribution, we discuss enhancements to ProSe Direct Communication for UE-to-Network Relay.
Latency requirement of the UE-to-Network Relay
One of the use cases of the UE-to-Network Relay is group communication service [2]. The group communication service enabler (GCSE) has performance requirements presented below. The UE-to-Network Relay Operation should be required to satisfy these GCSE latency requirements.

	· The time from when a UE requests to join an ongoing Group Communication to the time that it receives the Group Communication should be less than or equal to 300ms.
· The end to end delay for media transport for Group Communications should be less than or equal to 150 ms. 



The GCSE system shall support multiple distinct Group Communications in parallel; basically, one UE must be capable of supporting simultaneously more than one distinct Group Communication sessions [2]. As described in the fifth section of [2], all groups should satisfy the GCSE latency requirements.

Obsevation 1: UE-to-Network Relay latency should satisfy GCSE latency requirements.

Latency Issue on UE-to-Network Relay
Both [3] and [4] analyzed end-to-end delay of the GCSE when using UE-to-Network Relay. The following table is end-to-end delay for media transport estimation when using unicast bearers for media delivery (Table 1). Period 1 and 5 are estimation results of D2D links latency. The UE-to-Network links latency is assumed minimum one-way transmission.

[bookmark: _Ref419400522]Table 1 End to end delay for media transport estimation when using unicast bearers for media delivery (modified from Table 5.1.1.3-1 [5])
	Period
	Descriptions
	Minimum latency
	Detailed assumption

	1
	Transmitting Group Member UE  UE-to-Network Relay
	6~46ms
	sidelink transmission : Mode2
SC-Period : 40ms
# of PSCCH subframes : 2

	2
	UE-to-Network Relay  eNB
	10ms
	

	3
	eNBSGW/PGWGCSE ASeNB
	20ms
	

	4
	eNB UE-to-Network Relay
	10ms
	

	5
	UE-to-Network Relay  Receiving Group Member UE
	10~50ms
	sidelink transmission : Mode1
SC-Period : 40ms
# of PSCCH subframes : 2

	-
	Total time
	56~136ms
	



The current Rel-12 specification is restricted to a single SCI transmission within a SC-Period. In Mode 1, the received sidelink grant (i.e. DCI format 5) to be configured sidelink grant occuring in the 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. In Mode 2, the sidelink grant is selected from the resource pool configured by upper layers.
If Relay UE has traffic to relay to multiple groups, data transmission is delayed for SC-Period × (number of groups - 1) (see Figure 1). As a result, if more four of groups are under the control of Relay UE, some groups cannot satisfy the GCSE latency requirements (56ms × 3 = 168ms > 150ms).

Proposal 1: Rel-13 should support multiple SCIs transmission within a SC-Period.
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[bookmark: _Ref418872146]Figure 1 Latency Issue on UE-to-Network Relay
Enhancements to D2D communication for UE-to-Network Relay
The following three options are available for the multiple SCIs that can be considered (both the Option 1 and the Option 2 in [6]).
· Option 1: multiple SCIs each to different destination group within a SC-Period (Figure 2) 
· Option 2: a single SCI indicating data resource to multiple destination groups within a SC-Period (Figure 3)
· Option 3: multiple TX resource pools for multiple destination groups (Figure 4)
We consider both Mode 1 and Mode 2 w.r.t. these options.
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[bookmark: _Ref418951436]Figure 2 Example of Option 1
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[bookmark: _Ref419202485]Figure 3 Example of Option 2
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[bookmark: _Ref419202493]Figure 4 Example of Option 3

Consideration on Mode 1
Option 1
· eNB indicates a single SCI TX resource in DCI format 5. If Option 1 is applied then it will need enhancements to indicate multiple PSCCH and PSSCH resources.
· No impact for Rel-12 D2D UE since Option 1 can use the same SCI format 0 in current specification.

Option 2
· eNB indicates a single SCI TX resource in DCI format 5. If Option 2 is applied then it will need enhancements to indicate multiple PSCCH and PSSCH resources. SCI format 0 indicates a single L1-Destination ID. If Option 2 is applied then it will need enhancements to indicate multiple L1-Destination IDs.
· If MAC PDU/LCID indicates multiple destinations, it has restrictions that multiplexed groups can be only the same L1-Destination ID due to filter L1-Destination ID in current specification.
· No backward compatibility for Rel-12 D2D UE since Option 2 needs new SCI format/MAC PDU/LCID.

Option 3
· eNB indicates a single SCI TX resource in DCI format 5. If Option 3 is applied then it will need enhancements to indicate multiple PSCCH and PSSCH resources in each TX resource pools.
· If UE adds new destinations, eNB should configure new TX resource pools.
· The receiver UEs power consumption increases since it will require the UEs to  monitor multiple TX resource pools.
· Option 3 has the possibility of increase in delay compared to both Option 1 and Option 2.
· No impact for Rel-12 D2D UE since Option 3 can use the same SCI format 0 in the current specification.

Consideration on Mode 2
Option 1
· UE randomly selects a SCI TX resource from the resource pool configured by upper layers. The random function shall be such that each of the allowed selections can be chosen with equal probability. If Option 1 is applied then it will need to restrict resource selection in order to avoid resource collision in time domain.
· If TX resource pools are shared with multiple Relay UEs, it has the possibility of resource collision increase when using Option 1.
· No impact for Rel-12 D2D UE since Option 1 can use the same SCI format 0 in current specification.

Option 2
· SCI format 0 indicates a single L1-Destination ID. If Option 2 is applied then it will need enhancements to indicate multiple L1-Destination IDs.
· If MAC PDU/LCID indicates multiple destinations, it has restrictions that multiplexed groups can be only the same L1-Destination ID due to filter L1-Destination ID in current specification.
· No backward compatibility for Rel-12 D2D UE since Option 2 needs new SCI format/MAC PDU/LCID.

Option 3
· If UE adds new destinations, eNB should configure new TX resource pools.
· The receiver UEs power consumption increases since it will require the UEs to  monitor multiple TX resource pools.
· Option 3 has the possibility of increase in delay compared to both Option 1 and Option 2.
· No impact for Rel-12 D2D UE since Option 3 can use the same SCI format 0 in the current specification.

[bookmark: _Ref418967929]Table 2 The summary of the consideration result
	
	Mode 1
	Mode 2

	Option 1
	pros 
	· No impact for Rel-12 D2D UE
	· No impact for Rel-12 D2D UE

	
	cons
	· Need enhancements to indicate multiple PSCCH/PSSCH resources
	· Need enhancements to restrict resource selection
· Increase resource collision between Relay UEs

	Option 2
	pros 
	-
	-

	
	cons
	· Need enhancements to indicate multiple PSCCH/PSSCH resources
· Need enhancements to indicate multiple destinations
· No backward compatibility for Rel-12 D2D UE
	· Need enhancements to indicate multiple destinations
· No backward compatibility for Rel-12 D2D UE 

	Option 3
	pros 
	· No impact for Rel-12 D2D UE
	· No impact for Rel-12 D2D UE

	
	cons
	· Need enhancements to indicate multiple PSCCH/PSSCH resources in each TX resource pools
· Difficult for addition new destinations
· The receiver UEs power consumption increases
· Increase in delay compared to both Option1 and Option 2
	· Difficult for addition new destinations
· The receiver UEs power consumption increases
· [bookmark: _GoBack]Increase in delay compared to both  Option1 and Option 2



The above table is the summary of the consideration result (Table 2).
As an above discussion, we think Option 1 is preferable to both Option 2 and Option 3 in terms of standardization impacts and backward compatibility.

Proposal 2: Rel-13 should support multiple SCIs each to different destination within a SC-Period.



Conclusion
In this contribution, we have one observation and two proposals for ProSe Direct Communication for UE-to-Network Relay.

Obsevation 1: UE-to-Network Relay latency should satisfy GCSE latency requirements.

Proposal 1: Rel-13 should support multiple SCIs transmission within a SC-Period.

Proposal 2: Rel-13 should support multiple SCIs each to different destination within a SC-Period.
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