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Introduction
The issue on the UE-to-Network Relay support was raised in this work item [1]. One of open issues of the Enhanced LTE Device to Device Proximity Services is to support the extension of network coverage using a UE-to-Network Relay. The UE-to-Network Relay provides the functionality for Prose UEs to access the resource of the E-UTRAN. One of key features for the UE-to-Network Relay to support the Public Safety is the GCSE service discussed in the Release-12. The UE-to-Network Relay will provide the mission critical group communication for its connecting Prose UEs. This contribution analyses the delay time for Prose UEs to obtain the GCSE service through the UE-to-Network Relay and further discusses considerations on the latency issues for this scenario. 
Discussion 
This session will analyze the time elapsed in the UE-to-Network Relay setup procedure (Section 2.1) and ProSe UEs adopting the GCSE service (Section 2.2), and then evaluate whether the GCSE_LTE feature impacts on the Public Safety service in support of UE-to-Network Relay scenario.
Latency for the UE-to-Network Relay setup procedure
During the SA2 meeting, the setup procedure for the UE-to-Network Relay scenario is discussed [2] and depicted in the Figure 1. There are two public safety PC5 discovery procedures for use in the UE-to-Network Relay scenario. One is that a UE-to-Network Relay performs the group member discovery procedure. The UE-to-Network Relay announces itself in proximity of neighboring ProSe UEs, which is Model A. The other is that a ProSe UE performs the discovery procedure to search for candidate UE-to-Network Relay(s), which is Model B. In our analysis, we assume the Model A be made by the Release-12 Discovery transport channel and assume Model B be made by either the Release-12 Communication or Discovery transport channel. 

 
Figure 1: Call flow for ProSe UE-Network Relay

A UE-to-Network Relay or ProSe UE(s) can utilize Mode 1 or Mode 2 D2D communication mechanism to perform Model B discovery. Also, the Model B discovery can be realized by the D2D discovery channel as discussed in [3]. The minimum supported one-way latency for the Discovery transport channel is 320ms. The minimum supported one-way latency for the Communication transport channel is 40ms. Assume the maximum delay due to the scheduling period for the Communication transport channel is from 2 to 80 ms, and the maximum delay due to the scheduling period of discovery for the Communication transport channel is from 1 to 321 ms. The summery of the approximately latency for the UE-to-Network Relay setup procedure can be listed in Table 1. The detail of time elapsed of each step is specified in Annex.



Table 1.Latency for the UE-to-Network Relay setup procedure
	Period
	Descriptions
	Minimum latency

	I
	(Initial E-UTRAN Attach and/or UE requested PDN connectivity (including triggering D2D service))
	 95 ms

	II-1
	Relay discovery for Model A mechanism
	5~324 ms

	II-2
	Relay discovery for Model B mechanism (discovery)
	10 ~ 650 ms

	
	Relay discovery for Model B mechanism (Mode 1)
	25.5 ~181.5 ms

	
	Relay discovery for Model B mechanism (Mode 2)
	12 ~ 168 ms

	III-1
	IPv6 prefix assignment 
	  14~170 ms

	III-2
	IPv4 address assignment
	 28~340 ms



Latency of the UE-to-Network Relay support in GCSE service
In Release-12 GCSE service, both unicast bearer and MBMS bearer for delivery are provided to support group communication [4]. In Release-13, the SC-PTM is proposed to utilize a unicast bearer with an extra third bearer type to enhance the currently Release-12 LTE group communications. Based on the stage-1 requirements for the evaluation of E-UTRA procedures for group communication defined in [5], performance requirements for end to end setup time for group communication and the time to join an ongoing group communication both are 300ms. The performance requirement for end to end delay for media transport is 150ms. The following sessions analyze the latency of ProSe UEs connecting toward the UE-to-Network Relay to obtain the group communication in public safety service. This is to evaluate whether the performance requirement can be met for the UE-to-Network Relay scenario in support of mission critical group communication.

GCSE with unicast bearer
In this case, Prose UEs obtains the GCSE service through the UE-to-Network Relay via the Communication transport channel. The new total delay time for GCSE service has to add the time elapsed in the D2D links in. The modification of the end to end setup time for Prose UEs to obtain the GCSE service for the UE-to-Network Relay scenario is depicted in the Table 2. The time to join an ongoing group communication is depicted in the Table 3. The end to end delay for media transport estimation is depicted in the Table 4.

Table 2. End to end setup time calculation for group communication over unicast bearer (modified from Table 5.1.1.1-1[3])
	Period
	Descriptions
	Minimum latency

	I
	Time from PTT floor request to floor grant in original link
	 55 ms

	II
	Time from PTT floor request introduced in D2D link
	  14~170 ms

	III
	Dedicated bearer for VoIP establishment by the Transmitting Group Member UE in original link
	115 ms

	IV
	Dedicated bearer for VoIP establishment by the Transmitting Group Member UE introduced in D2D link
	14~170 ms

	
	Total time
	229~704 ms



Table 3.Calculation of time to join an ongoing group communication 
(modified from Table 5.1.1.2-1[3])
	Period
	Descriptions
	Minimum latency

	I
	Time from service request to grant in original link
	 55 ms

	II
	Time from service request to grant introduced in D2D link
	  14~170 ms

	III
	Dedicated bearer for VoIP establishment in original link
	115 ms

	IV
	Dedicated bearer for VoIP establishment introduced in D2D link
	14~170 ms

	
	Total time
	229~704 ms



Table 4. End to end delay for media transport estimation when using unicast bearers for media delivery (modified from Table 5.1.1.3-1 [3])
	Period
	Descriptions
	Minimum latency

	I
	Transmitting Group Member UE  UE-to-Network Relay
	  7~ 85 ms

	II
	UE-to-Network Relay  eNB 
	 10 ms

	III
	eNBSGW/PGWGCSE ASeNB
	20 ms

	IV
	eNB UE-to-Network Relay
	10 ms

	V
	UE-to-Network Relay  Receiving Group Member UE
	7~ 85 ms

	
	Total time
	54 ~ 210 ms



In order to minimum the latency, we assume that the UE-to-Network Relay is in RRC_Connected prior to the transmission of group communication procedure. ProSe UE and the UE-to-Network Relay utilize the Communication transport channel to transmit the request message for GCSE unicast bearer and VoIP establishment. And the minimum latency for one way transmission in the ProSe link is from 7 to 85 ms. 
GCSE with MBMS bearer
Another way to provide the GCSE service in the public safety is to use the MBMS bearer for the multicast delivery for Prose UEs to obtain the group communication through the UE-to-Network Relay. Assume the D2D transmission is via the Communication transport channel, which also introduces extra delay for the all transmission. The modification of the time to join an ongoing group communication using MRB to support the UE-to-Network Relay scenario is depicted in the Table 5 and the end to end delay for media transport estimation using MRB is depicted in the Table 6.

Table 5. Time for joining an ongoing group communication estimation 
when using MRB for media delivery (modified from Table 5.2.1.1.2-1[3])
	Period
	Descriptions
	Minimum latency

	I
	Acquisition of MCCH configuration in SIB13
	  10 ms

	II
	Average delay due to MCCH scheduling period 
	 160 (320) ms

	III
	Acquisition of MCCH and MTCH configuration for TMGI
	10 ms

	IV
	Average time required if acquisition of multiple MCCHs is required.
	50 (100) ms

	V
	Average delay due to MCH scheduling period
	40 (80) ms

	VI
	Acquisition of MSI for the corresponding service
	5 ms

	VII
	D2D delay for Group Communication over pre-configured MRB (has  registered) 
	14 ~ 170 ms

	
	Total time
	289 ~ 445 ms
(539 ~ 695) ms



Table 6. User plane delay estimation when using MRB for media delivery 
(modified from Table 5.2.1.1.3-1 [3])
	Period
	Descriptions
	Minimum latency

	I
	Talker UE  UE-to-Network Relay
	7~ 85 ms

	II
	UE-to-Network Relay  eNB
	  10 ms

	III
	eNBSGW/PGWGCSE ASBM-SC
	 20 ms

	IV
	BM-SC  eNB
	40 ms

	V
	MSP (Read MSI)
	80 ms

	VI
	eNB  UE-to-Network Relay
	 10 ms

	VII
	UE-to-Network Relay  Receiving UEs
	7~ 85 ms

	
	Total time
	 174 ~ 330 ms



In order to calculate the minimum latency, we assume that the UE-to-Network Relay and its connecting Prose UEs have performed group registration with GCSE and group call session setup already. Based on the observation above, the performance requirement using MRB for media delivery may not meet.

When the Prose UE acquires the mission critical group communication through the UE-to-Network Relay, the relay discovery and IP assignment procedure may be performed before the GCSE service starts. Table 7 illustrates the latency for the GCSE with the unicast bearer and the MBMS bearer with considerations on the impact of the relay discovery and IP assignment procedure. 
Table 7. With/Without Relay discovery and IP assignment
	
	No Relay discovery and IP assignment
	Perform UE-to-Network Relay discovery and IP assignment

	
	(N/A)
	Model A
	Model B
(Mode 1)
	Model B
(Mode 2)
	Mode B
(Discovery)

	using Unicast bearer
	End to end setup time
	229 ~ 704 ms
	248 ~ 1198 ms

	268.5~1055.5
ms
	255~1198
Ms
	253 ~ 1524 ms


	
	time to join an ongoing
	229 ~ 704 ms
	248 ~ 1198 ms

	268.5~1055.5
ms
	255~1198
Ms
	253 ~ 1524 ms


	
	delay for media transport
	54 ~ 210 ms
	73 ~ 704ms

	93.5~561.5
ms
	80~548ms
	78 ~ 1030ms


	using MBMS
	time to join an ongoing
	289~445ms (539~695 ms)
	308 ~ 93ms
(555~1189 ms)
	328.5~796.5ms
(578.5~1148ms)
	289~445ms (539~695 ms)
	313 ~ 419ms
(560~1515 ms)

	
	delay for media transport
	174 ~ 330 ms
	193 ~ 824 ms

	213.5~681.5ms`
	174 ~ 330 ms
	198 ~ 1150 ms




In the support of the extension of network coverage through a UE-to-Network Relay, we observed:
· There is at least 229 ms for the group communication end to end setup/join time and 54ms for the end to end delay for media transport estimation respectively via unicast bearer 
· There is at least 289 ms for the group communication end to end setup/join time and 174ms for the end to end delay for media transport estimation respectively via MBMS bearer. 
· In order to meet the end to end setup delay requirement (300ms) for group communication using a UE-to-Network Relay, the delay of grant received in PDCCH/ DCI or the SA and Data resource selected by D2D UE for each D2D transmission should be reduced from protocol perspective. 
· D2D transmission introduces enormous end to end latency in the GCSE service with the latency of the end to end setup time being up to 704ms. A possible solution to shorten the delay is to make the UE-to-Network Relay discovery and IP address assignment performed in background.
· In addition, 150ms end to end delay requirement for media transport can be achieved when using a unicast bearer.  But the requirement of the end to end delay for media transport using MBMS bearer CANNOT be met in the UE-to-Network Relay scenario even when the UE-to-Network Relay discovery and IP address assignment are excluded. 
Conclusion
Following the above functional analysis, we evaluated various GCSE end to end delays from the service continuity perspective for the extension of network coverage using a UE-to-Network Relay and the proposal is made below: 
Proposal: RAN2 shall design the UE-to-Network relay to meet the latency requirement of GCSE_LTE.
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This sub-clause provides for information on the time elapsed of each step of the UE-to-Network Relay setup procedure as a reference.
Model A discovery procedure
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Figure 2: Model A discovery procedure

Table 8. Time elapsed for the Model A discovery procedure
	Period
	Descriptions
	Maximum minimum latency

	I
	UE Processing Delay (announcing)
	1.5 ms

	II
	delay due to the scheduling period of discovery Model A message (announcing)
	1~321 ms

	III
	Transmission of the discovery message (announcing)
	1 ms

	IV
	UE Processing Delay (decode discovery message) (monitoring)
	1.5 ms

	
	Sub-total time
	5~324 ms


Model B discovery procedure
Model B discovery procedure (Discovery Channel)
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Figure 3: Model B discovery procedure 

Table 9. Time elapsed for the Model B discovery procedure (Discovery)
	Period
	Descriptions
	Minimum latency

	I
	UE Processing Delay (discoverer)
	1.5 ms

	II
	Maximum delay due to the scheduling period of discovery Model B message (discoverer)
	1~321 ms

	III
	Transmission of the discovery message (discoverer)
	1 ms

	IV
	UE Processing Delay (decode discovery request and generate discovery response) (discoveree)
	3 ms

	V
	Maximum delay due to the scheduling period of discovery Model B message (discoveree)
	1~321 ms

	VI
	Transmission of the response discovery Model B message (discoveree)
	1ms

	VII
	UE Processing Delay (decode discovery response) (discoverer)
	1.5 ms

	
	Sub-total time
	10 ~ 650 ms



Mode B discovery procedure (Mode 1)
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Figure 4: Model B discovery procedure (Mode 1)



Table 10. Time elapsed for the Model B discovery procedure (Mode 1)
	Period
	Descriptions
	Maximum minimum latency

	I
	UE Processing Delay (discoverer)
	1.5 ms

	II
	delay due to the scheduling period of discovery Model B message (discoverer)
	2 ~ 80 ms

	III
	Transmission of the discovery message (discoverer)
	1 ms

	IV
	UE Processing Delay (decode discovery request ) (discoveree)
	1.5 ms

	V
	The period of requesting a D2D resource
	13.5 ms

	VI
	UE Processing Delay (generate discovery response ) (discoveree)
	1.5 ms

	VII
	delay due to the scheduling period of discovery Model B message (discoveree)
	2 ~ 80 ms

	VIII
	Transmission of the response discovery Model B message (discoveree)
	1ms

	IX
	UE Processing Delay (decode discovery response) (discoverer)
	1.5 ms

	
	Sub-total time
	25.5 ~181.5 ms



Model B discovery procedure (Mode 2)
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Figure 5: Model B discovery procedure (Mode 2)


Table 11. Time elapsed for the Model B discovery procedure (Mode 2)
	Period
	Descriptions
	Minimum latency

	I
	UE Processing Delay (discoverer)
	1.5 ms

	II
	Maximum delay due to the scheduling period of discovery Model B message (discoverer)
	2 ~ 80 ms

	III
	Transmission of the discovery message (discoverer)
	1 ms

	IV
	UE Processing Delay (decode discovery request and generate discovery response) (discoveree)
	3 ms

	V
	Maximum delay due to the scheduling period of discovery Model B message (discoveree)
	2 ~ 80 ms

	VI
	Transmission of the response discovery Model B message (discoveree)
	1ms

	VII
	UE Processing Delay (decode discovery response) (discoverer)
	1.5 ms

	
	Sub-total time
	12 ~ 168 ms



IPv6 prefix assignment


Table 12. Time elapsed for IPv6 prefix assignment
	Period
	Descriptions
	Maximum minimum latency

	I
	UE Processing Delay (Remote UE)
	1.5 ms

	II
	delay due to the scheduling period of RS message (Remote UE)
	2~80 ms

	III
	Transmission of the RS message (Remote UE)
	1 ms

	IV
	UE Processing Delay (decode RS message, assign IPv6 address and generate RA message) (Relay UE)
	5 ms

	V
	delay due to the scheduling period of RA message (Relay UE)
	2~80 ms

	VI
	Transmission of RA message (Relay UE)
	1 ms

	VII
	UE Processing Delay (decode RA message) (Remote UE)
	1.5 ms

	
	Sub-total time
	14~170 ms



IPv4 address assignment
Table 13. Time elapsed for IPv4 address assignment
	Period
	Descriptions
	Minimum latency

	I
	UE Processing Delay (generate DHCPv4 message) (Remote UE)
	1.5 ms

	II
	Maximum delay due to the scheduling period for communication (Remote UE)
	2~80 ms

	III
	Transmission of the DHCPv4 Discovery message (Remote UE)
	1 ms

	IV
	UE Processing Delay (decode DHCPv4 Discovery message, assign contains and generate DHCPv4 Offer message) (Relay UE)
	5 ms

	V
	Maximum delay due to the scheduling period for communication (Relay UE)
	2~80 ms

	VI
	Transmission of DHCPv4 Offer message (Relay UE)
	1ms

	VII
	UE Processing Delay (decode DHCPv4 Offer message and generate DHCPv4 Request message) (Remote UE)
	3 ms

	VIII
	Maximum delay due to the scheduling period for communication (Remote UE)
	2~80 ms

	IX
	Transmission of the DHCPv4 Request message (Remote UE)
	1 ms

	X
	UE Processing Delay (decode DHCPv4 Request message, assign contains and generate DHCPv4 Ack message) (Relay UE)
	5 ms

	XI
	Maximum delay due to the scheduling period for communication (Relay UE)
	2~80 ms

	XII
	Transmission of DHCPv4 Ack message (Relay UE)
	1ms

	XIII
	UE Processing Delay (decode DHCPv4 Ack message) (Remote UE)
	1.5 ms

	
	Sub-total time
	28~340 ms
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