[bookmark: _Ref452454252]3GPP TSG-RAN WG2 Meeting #97	R2-1701086
Athens, Greece, 13 - 17 February 2017


Agenda item:	9.1.3.2
Source:	Nokia, Alcatel-Lucent Shanghai Bell
Title:	Initial relay discovery and relay reselection
WID/SID:	FS_feD2D_IoT_relay_wearable
Document for:	Discussion and Decision
1	Introduction
During the RAN2#96 meeting in Reno RAN2 made the following agreements with regards to relay discovery and PC5 connection establishment between remote UE and relay UE:
Agreements
=>	Legacy relay discovery will be used as a baseline for PC5.  RAN2 can study if additional enhancements are needed.  
=>	The legacy discovery physical channel will be used and therefore the size of the discovery message has to be respected.  

=>	PC5-S signalling can be used to establish a secure connection between relay UE and remote UE.  
=>	RAN2 assumes that the legacy procedure can be used as a baseline.   
=>	Inform SA2 of our agreements on relay architecture (e.g. UP and CP relaying and RLC relaying) and ask them if enhancements to legacy connection establishment procedures are needed to ensure a secure connection for UP and CP between remote UE and relay UE. 
=>	RAN2 can study RAN2 specific enhancements related to link establishment for power consumption purposes.  
=>	Send LS to SA2, listing our agreements and ask if they have any concerns if we use the same discovery procedure for Layer 2 relay.   Explain the difference between Rel-13 and Rel-14 relay.  Remind them what the maximum message side is now and ask them if there is a risk that this size is exceeded.  

In [1] SA2 confirmed that the assumption to reuse legacy procedures can be made at least for relay discovery procedure while for PC5 connection more time is required on their side to analyse. Nevertheless, both discovery and connection establishment procedures are supposed to be transparent to Access Stratum as far as messages content is concerned similarly as in Rel-12/13. On the other hand, RAN2 should study whether some enhancements can be applied in AS, in particular to achieve power consumption optimizations on remote UE side. The focus of this contribution is power efficiency of the current relay discovery, selection and reselection procedures and potential enhancement directions to study.
2	Initial Relay Discovery
In Rel-13 relaying framework a certain AS layer conditions had to be met before the UEs could engage in relay discovery:
1. For Relay UE and for in coverage Remote UE their measured RSRP need to meet threshold conditions signaled by the eNB.
2. Relay UE and Remote UE need to be configured with the set of resources they can use for relay related sidelink communications.
First condition is used by the network to allow or disallow relay operation in a certain area of the cell, e.g. relaying could be disallowed in the area close to the cell centre where Remote UE can communicate with the eNB using limited Tx power and we think it is also applicable to Rel-14 framework. 
Proposal 1: The network should have a possibility to allow/disallow relay operation in a certain area of the cell for Rel-14 UE-to-Network relay framework. RSRP based thresholds can be used for that purpose similarly as in Rel-13 UE-to-NW relay operation.
It has to be noted that for wearable devices the most important rationale for using relay instead of direct 3GPP communication are potential power consumption savings, which may be achieved even when measured RSRP is high. This leads to a conclusion that such threshold for commercial use cases should be different from that of the coverage-driven Public Safety use cases.
After the conditions mentioned above are met and before the relay related sidelink communications can take place, Remote UE needs to find a Relay UE, which can be used to relay its data. In Rel-13 Remote UE could e.g. check if candidate Relay UEs in proximity provide the required Relay Service Code. This code together with Relay UE ID can be sent in Discovery Announcement or Discovery Response messages (higher layer messages) depending on whether Model A or Model B discovery is used as described in [2] and depicted below.


Figure 1 ProSe Direct Discovery with Model A (source: TS 23.303)


Figure 2 ProSe Direct Discovery with Model B (source: TS 23.303)
As already mentioned in the Introduction section, relay discovery procedure is in fact transparent to AS layer i.e. these are higher layers, which verify that a one-to-one sidelink communication connection can be established between two UEs and which initiate that connection if it is allowed. On the other hand, AS layer is responsible for discovery resource pool configuration and discovery message transmission and reception. When it comes to resources configuration the following rules are applied:
a. Out of coverage UE should use pre-configured discovery resource pool
b. RRC IDLE UEs, which are in-coverage should use discovery resource pool signalled in System Information when it is available
c. When discovery resource pool, which could be used for relay related discovery is not available in System Information, but relaying support is indicated by the eNB, an RRC IDLE UE may enter RRC Connected state and request discovery resources for relay discovery using dedicated signalling
d. RRC Connected UEs should request discovery resources for relay discovery using dedicated signalling
These resource allocation rules for relay discovery may be used as baseline for layer 2 relay discovery as well. As for the remote UEs power efficiency is the main concern network configuration should rather provide a discovery resource pool for relay discovery in SIB so that remote UE is not required to establish an RRC Connection in order to discover a relay. Considering that the same resource pool may be also used for other discovery services and that the number of remote UEs in a cell is supposed to be high (one smartphone may be used as a relay for multiple wearable devices) such resource pool may be relatively big. Moreover, AS layer is not able to filter out the unnecessary discovery messages as no MAC header is added. In consequence, remote UE is required to monitor a broad resource pool and process many discovery messages in upper layers in order to identify relevant Discovery Announcement or Discovery Response messages depending on the discovery model applied. This problem should be somehow addressed by RAN2 and since we agreed already to rely on current discovery message design we propose to focus on mechanisms allowing to limit the relay discovery messages monitoring effort required from the remote UE.
It should be noted that although the choice of discovery model for discovery is up to upper layers, Model A is not appropriate for initial relay discovery. It is primarily remote UE’s decision when to start relay discovery and it would not make sense for the relay (e.g. due to power consumption reasons) to broadcast announcement messages unnecessarily. Therefore, Model B is more likely to be used for relay discovery procedure.
Observation 1: Model B is preferable for initial relay discovery procedure from energy-efficiency perspective of Remote UE and Relay UE.
We therefore focus on Model B, where this is remote UE which initiates the relay discovery procedure by sending Solicitation message and upon such message reception relay UE responds with Response message as depicted on Figure 2. The problem from remote UE perspective is that after sending the solicitation message it needs to monitor broad set of resources looking for a response message from relay UE. It would be possible to avoid that by coupling the resource used for solicitation message transmissions with a resource, which should be used for discovery response message transmission, so that remote UE may determine a particular resource or set of resources where such response should be expected. Such coupling may be realized e.g. by configuring a resource pool(s) where certain resources are paired with each other or by remote UE indicating directly where the response should be sent by the relay or by specifying a deterministic function used to derive response resources based on the resource on which the solicitation message was received. These and other potential methods should be analyzed together with RAN1.
Proposal 2: RAN2 should work on optimizing power efficiency of relay discovery procedure of Model B by limiting the number of resources Remote UE is forced to monitor while discovering Relay UE.
3	Power efficient relay reselection
In Rel-13, for a Remote UE configured by upper layer for relay operation, when the RSRP measurement of the serving cell (RRC_IDLE) or the PCell (RRC_CONNECTED) is below threshHigh (within remoteUE-Config), the Remote UE shall search for candidate Relay UEs for selection and/or reselection every discovery period. If the Remote UE has a selected sidelink Relay UE, then the Remote UE shall measure the SD-RSRP of the selected relay once in every four discovery periods and evaluate if it meets the relay selection criterion. The Remote UE shall measure SD-RSRP of the candidate relay UEs every Tmeasure, ProSe_Relay_Intra for intra-frequency Relay UEs that are detected and measured according to the measurement rules. As specified in [3], the value of Tmeasure, ProSe_Relay_Intra is 4 (in number of discovery periods). 
A Relay UE is considered suitable in terms of radio criteria if the PC5 link quality exceeds configured threshold (pre-configured or provided by eNB). The Remote UE selects the Relay UE, which satisfies higher layer criterion and has best PC5 link quality among all suitable Relay UEs. It has to be noted that for SD-RSRP measurements the same discovery messages, which are mentioned in the previous section are used, i.e. Discovery Announcement or Discovery Response. As previously proposed in [4], the SD-RSRP measurement defined in Rel-13 can be reused as a baseline to choose the best Relay UE from the suitable candidates or verify the suitability of the chosen Relay UE. 
Proposal 3: Reuse current SD-RSRP measurement as a baseline for relay selection and reselection procedures.
When it comes to UE to Network relays for wearables, the relatively slow or quasi static movement between the Remote UE and Relay UE becomes a noteworthy characteristic [5,6]. Exploiting this characteristic, the Remote UE can reduce the operations of monitoring and measurements for Relay UE reselection. 
For example, if a Remote UE has selected a relay UE, and detects that the SD-RSRP of the selected Relay UE keeps exceeding a threshold or keeps being the best one among all the candidate Relay UEs for a given time period, the Remote UE can apply the extension of the period for candidate Relay UE searching and SD-RSRP measurement. Specifically, the SD-RSRP measurement period of the selected Relay UE can be extended to one longer than four discovery periods. The time period of searching and SD-RSRP measurement of candidate Relay UEs can also be extended. Or even, similar to the legacy cell reselection, the Remote UE can choose not to perform the searching and measurement of candidate Relay UEs and restart them till the SD-RSRP of the selected Relay UE is below a threshold. Therefore, the operations of monitoring and SD-RSRP measurement are reduced, saving the power of the Remote UE. 
Proposal 4: RAN2 should work on enhancing Remote UE’s power efficiency by reducing the operations of candidate Relay UE searching and SD-RSRP measurement.
4	Summary
This paper analyses the current initial relay discovery and relay reselection procedures. It is shown that enhancements are required in order to improve power efficiency of remote UEs and based on this it is proposed to agree on the following proposals: 
Proposal 1: The network should have a possibility to allow/disallow relay operation in a certain area of the cell for Rel-14 UE-to-Network relay framework. RSRP based thresholds can be used for that purpose similarly as in Rel-13 UE-to-NW relay operation.
Proposal 2: RAN2 should work on optimizing power efficiency of relay discovery procedure of Model B by limiting the number of resources Remote UE is forced to monitor while discovering Relay UE.
[bookmark: _GoBack]Proposal 3: Reuse current SD-RSRP measurement as a baseline for relay selection and reselection procedures.
Proposal 4: RAN2 should work on enhancing Remote UE’s power efficiency by reducing the operations of candidate Relay UE searching and SD-RSRP measurement.
References
[1] [bookmark: _Ref75086397]S2-170398, Reply LS on UE-to-NW relaying, 3GPP SA WG2
[2] 3GPP TS 23.303, Proximity-based services (ProSe); Stage 2
[3] 3GPP TS 36.133 V14.1.0 (2016-09).
[4] R2-168403, Connection establishment for UE-to-NW relaying, Nokia, Alcatel-Lucent Shanghai Bell.
[5] R2-167765, Paired mobility, Intel Corporation, ITL.
[6] R2-168770, Mobility aspect of remote UE, LG Electronics Inc.
oleObject2.bin


UE







-







1







(







discoverer







)







UE







-







2







(







discoveree







)







UE







-







3







(







discoveree







)







UE







-







4







(







discoveree







)







UE







-







5







(







discoveree







)







2







a







. 







Response 







message







1







. 







Solicitation 







message







2







b







. 







Response 







message







 












image1.emf
 

   

UE  -  2  

(  monitoring  )  

UE  -  3  

(  monitoring   )  

UE  -  4  

(  monitoring  )  

UE  -  5  

(  monitoring  )  

1  .    Announcement    message  

UE  -  1  

(  announcing  )  


oleObject1.bin


UE







-







2







(







monitoring







)







UE







-







3







(







monitoring







)







UE







-







4







(







monitoring







)







UE







-







5







(







monitoring







)







1







. 







Announcement 







message







UE







-







1







(







announcing







)







 












image2.emf
 

   

UE  -  1  

(  discoverer  )  

UE  -  2  

(  discoveree  )  

UE  -  3  

(  discoveree  )  

UE  -  4  

(  discoveree  )  

UE  -  5  

(  discoveree  )  

2  a  .    Response    message  

1  .    Solicitation    message  

2  b  .    Response    message  


