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1   Introduction
An LS on introducing the ProSe Authorized IE has been sent in RAN3#84 meeting [1] to inform SA2 that RAN3 has agreed to signal the ProSe Authorized IE in the INITIAL CONTEXT SETUP REQUEST, the UE CONTEXT MODIFICATION REQUEST, the S1 HANDOVER REQUEST, the PATH SWITCH REQUEST ACKNOWLEDGE messages, and in the X2 HANDOVER REQUEST message. In the reply LS [2], SA2 would like to know why RAN3 intends to add the ProSe Authorized IE both in the X2 HANDOVER REQUEST message and the S1 PATH SWITCH REQUEST ACKNOWLEDGE message going towards the same target eNB for the X2 handover, and requests RAN3 to check whether the ProSe Authorized IE is really need to be included in the X2 HANDOVER REQUEST message. This document mainly compares the ProSe Authorized IE included in the X2 HANDOVER REQUEST message and the ProSe Authorized IE only signalled in the S1 PATH SWITCH REQUEST ACKNOWLEDGE message by analysing the delay budget of D2D discovery/communication transmission, and gives our preference. 
2   Discussion
RAN3 has reached a consensus on signaling ProSe Authorized IE for the X2 handover in last RAN3#84 meeting [3]. When the source is a ProSe-aware eNB, the target eNB can get the ProSe Authorized indication from the ProSe Authorized IE in the X2 HANDOVER REQUEST message sent by source eNB. When the source is a non-ProSe-aware eNB and the target is a ProSe-aware eNB, the target eNB only can get the ProSe Authorized indication from the ProSe Authorized IE in the S1 PATH SWITCH RRQUEST ACKNOWLEDGE message sent by MME. When both source and target are ProSe-aware eNBs, the target eNB can get the  ProSe Authorized indications both from the ProSe Authorized IE in the X2 HANDOVER REQUEST message sent by source eNB and the ProSe Authorized IE in the S1 PATH SWITCH RRQUEST ACKNOWLEDGE message sent by MME. The solution enables to optimize for the case of all ProSe-aware eNBs and still correctly support mixed deployments of ProSe-aware and non-ProSe-aware eNBs.
In case of the source ProSe-aware eNB, upon receipt of the ProSe Authorized IE included in the X2 HANDOVER REQUEST message, the target eNB may initiate the D2D resource allocation immediately if the D2D related information including the D2D resource configuration and the D2D context is forwarded from the source to target eNB during the X2 handover preparation phase as well. And therefore the delay of the D2D discovery/communication transmission will be reduced. Otherwise, the target eNB receives the ProSe Authorized IE signalled in the S1 PATH SWITCH REQUEST ACKNOWLEDGE message and then allocates the D2D resource upon receiving UE’s request. In the following section, we will specifically estimate the delay budgets of D2D discovery/communication transmission caused by signalling the ProSe Authorized IE in the X2 HANDOVER REQUEST message and only signalling the ProSe Authorized IE in the S1 PATH SWITCH REQUEST ACKNOWLEDGE message respectively, based on the X2 handover procedure shown in the Figure 1 and the values of the parameters given in Table 1. 
Table 1. Parameters related information [4][5][6] 
	Parameter
	Meaning 
	Value

	TRadio-link
	Transmission time via radio link
	2ms

	TWired-link
	Transmission time via wired link
	2ms

	TCP-processing
	Control plane processing time
	5ms

	TSync
	Estimated time for finishing synchronization
	20ms

	TSwitch
	Estimated time for finishing DL path switch
TSwitch = TCP-processing
	5ms
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Figure 1. X2 handover procedure
Before starting the following analysis, we should first discuss whether the UE can continue using the D2D discovery/communication transmission resource of the source eNB after the UE receives the RRCConnectionReconfiguration message from the source eNB. 
One possibility is that the source eNB releases the D2D transmission resource after the source eNB has successfully sent the RRCConnectionReconfiguration message. If so, on receipt of the RRCConnectionReconfiguration message, the UE should suspend the scheduling of the D2D transmission resource allocated by the source eNB. Therefore, the D2D discovery/communication transmission will be interrupted until the UE receives the update D2D transmission resource allocated by the target eNB. 
Another possibility is that the source eNB releases the D2D transmission resource until it receives the X2 UE CONTEXT RELEASE message from the target eNB. If so, the UE can keep on using the D2D transmission resource of source eNB, or alternatively use the D2D transmission resource of the target eNB if available before the UE has successfully accessed the target eNB. However, if the UE continue using the resource of the source eNB for the D2D discovery/communication transmission during the period from receiving the RRCConnectionReconfiguration message by the UE to receiving the RRCConnectionReconfigurationComplete message by the target eNB, the potential interference should be considered. Assuming that the D2D transmission resource of source eNB partially overlaps the cellular resource of the target eNB, the uplink cellular data reception of the target eNB may be effected in case of the high D2D transmission power. On the contrary, the D2D transmission may be interfered by the uplink cellular data transmission in case of the low D2D transmission power. In addition, it may require that the UE has two receivers to perform simultaneous monitoring for inter-frequency scenario. Or the target eNB should know that the UE continue using the D2D transmission resource of the source eNB and then take measure in the scheduling to avoid the conflict. 
Proposal 1: Considering the factors, e.g. the interference and the UE monitoring capability, it proposes that the UE does not continue using the D2D discovery/communication transmission resource of the source eNB after the UE receives the RRCConnectionReconfiguration message from the source eNB. Accordingly, the source eNB releases the allocated D2D discovery/communication transmission resource after it has successfully sent the RRCConnectionReconfiguration message.
Proposal 2: The D2D discovery/communication transmission will be interrupted until the UE receives the D2D discovery/communication transmission resource allocated by the target eNB.
ProSe Authorized IE signaled in X2 HANDOVER REQUEST 
When the ProSe Authorized IE is signalled in the X2 HANDOVER REQUEST message, two possibilities are analyzed respectively as follows:
· the target eNB allocates the D2D resource during X2 handover preparation phase
Suppose the UE is configured to use the Type 1/Mode 2 transmission resource pool both in the source and target eNBs. If the transmission resource pools allocated by the source eNB and target eNB are same, then there will be no handover of the D2D transmission resource, and therefore the D2D discovery/communication transmission will not be interrupted. If the transmission resource pools allocated by the source eNB and target eNB are different, assuming that the D2D related information including the D2D resource configuration and the D2D context is forwarded from the source to target eNB, then the UE may select the resources from the transmission resource pool allocated by the target eNB which is included in the RRCConnectionReconfiguration message from the source eNB, and use them for the D2D discovery/communication transmission (i.e. after step 7). As to the D2D communication transmission, the UE may select the resources from the transmission resource pool allocated by the target eNB and use it until the UE finishes the UL synchronisation to the target eNB (i.e. after step 11). Considering that the handover of the UE may be not successful, and the UE will come back to the source eNB to perform the re-establishment procedure, it is recommended that the UE selects the resources from the transmission resource pool allocated by the target eNB and uses them for the D2D discovery/communication transmission until the UE handovers to the target eNB successfully (i.e. after step 11). During the period from receiving the RRCConnectionReconfiguration message by the UE to receiving the RRCConnectionReconfigurationComplete message by the target eNB, the D2D discovery/communication transmission will be interrupted. And the delay of the D2D discovery/communication transmission is at least 22ms (i.e. TSync + TRadio-link, UL sync + RRC Connection Reconfiguration Complete). 
For the D2D discovery, if the UE is configured to use the Type 2B transmission resource, similar as the previous analysis, the UE may use the resources assigned by the target eNB for the D2D discovery transmission as soon as it receives the RRCConnectionReconfiguration message from the source eNB (i.e. after step 7). In case of the asynchronous network, it is better for the UE to use the resources allocated by the target eNB for the D2D discovery transmission after performing synchronisation to the target eNB (i.e. after step 11), which may cause the 22ms (i.e. TSync + TRadio-link, UL sync + RRC Connection Reconfiguration Complete) delay of the D2D discovery transmission. 
For D2D communication, if the UE is configured to use the Mode 1 transmission resource with the dynamic scheduling, the UE can use the resource allocated by the target eNB for the transmission of the D2D scheduling assignment (SA) and data while the UE receives the D2D assignment. After finishing the UL synchronisation to the target eNB, the UE sends D2D Buffer Status Reporting to the target eNB. Upon receipt of the D2D BSR, the target eNB sends the D2D grant to the UE. These result in the 24ms (i.e. TSync + 2×TRadio-link, UL sync + BSR+D2D grant) delay of the D2D communication transmission. 
· the target eNB does not allocate the D2D resource during X2 handover preparation phase
After the UE has successfully accessed the target eNB and sends the RRCConnectionReconfigurationComplete message to target eNB to confirm the handover (i.e. after step 11), the UE may send a message to the target eNB to request the D2D discovery/communication transmission resource configuration. The target eNB determines the type/mode of the D2D discovery/communication, and then based on that, allocates the corresponding D2D transmission resource.  When the UE is configured to use the Type 1/Mode 2 transmission resource pool in the source eNBs, the D2D discovery/communication transmission may suspend about 26ms (i.e.TSync + 3×TRadio-link, UL sync + RRC Connection Reconfiguration Complete + resource configuration request + resource configuration) When the UE is configured to use the Mode1 transmission resource with the dynamic scheduling, the delay of the D2D communication transmission is about 35ms (i.e. TSync + 5×TRadio-link + TCP-processing, UL sync + RRC Connection Reconfiguration Complete + resource configuration request + resource configuration + BSR + D2D grant + decision of mode 1).
ProSe Authorized IE signaled in S1 PATH SWITCH REQUEST ACKNOWLEDGE 
When the ProSe Authorized IE is only signaled in the S1 PATH SWITCH REQUEST ACKNOWLEDGE message, the target eNB can allocate the D2D discovery/communication transmission resource until it receives the PATH SWITCH REQUEST ACKNOWLEDGE message. If the UE is configured to use the Type 1/Mode 2 transmission resource pool, the delay of the D2D discovery/communication transmission is estimated as 39ms (i.e. 4×TWired-link+ TSync +3×TRadio-link + TSwitch, Path Switch Request + Modify Bearer Request + Modify Bearer Response + Path Switch Request Ack + UL sync + RRC Connection Reconfiguration Complete + resource configuration request + resource configuration + switch DL path ). If the UE is configured to use the Mode 1 transmission resource, the delay of the D2D communication transmission is about 48ms (i.e. 4×TWired-link+ TSync +5×TRadio-link + TSwitch + TCP-processing, Path Switch Request + Modify Bearer Request + Modify Bearer Response + Path Switch Request Ack + UL sync+ RRC Connection Reconfiguration Complete + resource configuration request + resource configuration + BSR + D2D grant + switch DL path) in case of dynamic scheduling. 
Someone may doubt whether UE will send message to the target eNB to request the D2D discovery/communication transmission resource before the target eNB gets the ProSe Authorized IE included in S1 PATH SWITCH REQUEST ACKNOWLEDGE message. It is indeed possible. If so, the target eNB may wait for a while until it receives the ProSe Authorized IE included in S1 PATH SWITCH REQUEST ACKNOWLEDGE message and then allocate the D2D discovery/communication resource. Moreover, the target eNB may refuse the request of the UE and inform the UE that the ProSe authorized indication is unavailable. Then, the UE may re-send the requests and can get the assigned D2D discovery/communication resource until the target eNB receives the ProSe Authorized IE included in S1 PATH SWITCH REQUEST ACKNOWLEDGE message.
Observation 1: Compared with signalling the ProSe Authorized IE in the S1 PATH SWITCH REQUEST ACKNOWLEDGE message, signalling the ProSe Authorized IE in the X2 HANDOVER REQUEST message has  13-24ms advantage in the aspect of the delay budget. 
Analysis of the delay tolerance
According to [7], the performance requirement in the GCSE system is that, the time between when a Group Member initiates a Group Communication Request and the point when this Group Member can start sending a voice or data communication should be less than or equal to 300ms, the time from when a UE requests to join an ongoing Group Communication to the time that the UE receives the Group Communication should be less than or equal to 300ms, and the end to end delay for media transport for Group Communication should be less than or equal to 150ms. According to [8], the different standardized QCI values and their corresponding packet delay budgets are shown in Table 2.
Table 2. Standardized QCI characteristics
	QCI
	Resource Type
	Priority
	Packet Delay Budget 
	Packet Error Loss

Rate 
	Example Services

	1

	
	2
	100 ms
	10-2
	Conversational Voice

	2

	
GBR
	4
	150 ms
	10-3
	Conversational Video (Live Streaming)

	3

	
	3
	50 ms
	10-3
	Real Time Gaming

	4

	
	5
	300 ms
	10-6
	Non-Conversational Video (Buffered Streaming)

	5

	
	1
	100 ms
	10-6
	IMS Signalling

	6

	
	
6
	
300 ms
	
10-6
	Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file sharing, progressive video, etc.)

	7

	Non-GBR
	
7
	
100 ms
	
10-3
	Voice,
Video (Live Streaming)
Interactive Gaming

	8

	
	
8
	

300 ms
	

10-6
	
Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file 

	9

	
	9
	
	
	sharing, progressive video, etc.)


For the D2D discovery/communication, it does not need that the traffic goes through the eNB and core network. Therefore, the end-to-end delay mainly includes the delay caused by the handover, the delay caused by sending data packet and the delay caused by the related packet processing behaviours. The D2D communication is mainly considered in the scenario of public safety, which is similar as the scenario thought for the GCSE. Based on the performance requirement in GCSE and the different packet delay budgets in the Table 2, it is safe to conclude that the QoS will not be impacted if the delay of the D2D discovery/communication transmission is less than 150ms. According to the detail analysis in the section 2.2, the delay budget of the D2D discovery/communication transmission is in the range from 39ms to 48ms. It can be seen that the delay of the D2D discovery/communication transmission is tolerant when the ProSe Authorized IE is only signalled in the S1 PATH SWITCH REQUEST ACKNOWLEDGE message.
Observation 2: The delay of the D2D discovery/communication transmission is tolerant when the ProSe Authorized IE is only signalled in the S1 PATH SWITCH REQUEST ACKNOWLEDGE message.
Based on the two observations above, it gets the proposal below: 
Proposal 3: For the X2 handover, signalling the ProSe Authorized IE only in the S1 PATH SWITCH REQUEST ACKNOWLEDGE message is sufficient. The optimized solution that the ProSe Authorized IE is signalled in the X2 HANDOVER REQUEST message to minimize the delay of the D2D discovery/communication transmission may be considered in the future release. 
3   Conclusion
In the contribution, section 2.1 gave the delay budget of the D2D discovery/communication transmission when the ProSe Authorized IE is signaled in the X2 HANDOVER REQUEST message, section 2.2 estimated the delay budget of the D2D discovery/communication transmission when the ProSe Authorized IE is signaled in the S1 PATH SWITCH REQUEST ACKNOWLEDGE message, and section 2.3 analyzed the delay tolerance when the ProSe Authorized IE is only signaled in the S1 PATH SWITCH REQUEST ACKNOWLEDGE message. Based on the section 2.1, 2.2 and 2.3, it is proposed to agree the following proposals and the related LS in [9]:
Proposal 1: Considering the factors, e.g. the interference and the UE monitoring capability, it proposes that the UE does not continue using the D2D discovery/communication transmission resource of the source eNB after the UE receives the RRCConnectionReconfiguration message from the source eNB. Accordingly, the source eNB releases the allocated D2D discovery/communication transmission resource after it has successfully sent the RRCConnectionReconfiguration message.
Proposal 2: The D2D discovery/communication transmission will be interrupted until the UE receives the D2D discovery/communication transmission resource allocated by the target eNB.
Proposal 3: For the X2 handover, signalling the ProSe Authorized IE only in the S1 PATH SWITCH REQUEST ACKNOWLEDGE message is sufficient. The optimized solution that the ProSe Authorized IE is signalled in the X2 HANDOVER REQUEST message to minimize the delay of the D2D discovery/communication transmission may be considered in the future release. 
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