
3GPP TSG-RAN WG2 Meeting #91Bis 
R2-154796
Malmo, Sweden, 05-09 October 2015

Source:
Qualcomm (Rapporteur)
Title:
Report of email discussion [91#31][LTE/D2D] Relay selection and reselection 

Agenda item:
7.5.1.2
Document for:
E-mail Discussion Report
1. Introduction

During RAN2#91 it was agreed to have an email discussion on terminology and criterion for relay selection/reselection:

	[91#31][LTE/D2D] Relay selection and reselection (Qualcomm)

-
Define relay selection/reselection terminology 

-
Define the detailed criteria to select a new relay and whether/how to perform the ranking of relays


2. Discussion
2.1 Relay Selection

In RAN2#90, RAN2 received LS response from RAN1 [1].

	Working Assumption:

· At least if PSDCH is used for Relay discovery 

· A UE (i.e. at least the remote UE, FFS in RAN2 whether it can also be the Relay UE) can perform measurements for PC5 link quality between Relay UE and remote UE using DMRS of PSDCH transmission, only on resources on which the CRC passes.

· At least RSRP measurement for PC5 link quality is specified

· RAN1 assumes that any RSRP filtering only takes place across resources with the same decoded ID 

· FFS if RSRQ or other link quality measurement(s) is to be specified for PC5 link quality

· FFS what constraints (if any) are specified on power offset between  PSDCH and PSSCH from a given Relay 

If PSDCH is not used for Relay discovery, details are FFS


Following FFS is captured in [2]:

	=>
FFS what the “decoded ID” is and where it is sent


Relay selection/reselection procedure depends on PC5 measurement, it is therefore important to answer the above mentioned FFS in the context of this email discussion. 

Option 1: Decoded ID corresponds to ProSe Relay UE ID of the relay UE. 
Option 2: (Companies can add other option) 

	Company 
	Question 1: What is decoded ID as mentioned in [1]?

	
	Option
	Detailed comments

	Ericsson
	1
	The ProSe Relay UE ID contained in the Relay Discovery Announcement (Model A) or Relay Discovery Response (Model B) from relay to remote UE is used by the remote UE for relay (re)selection purposes.

	Qualcomm
	1
	

	Panasonic
	1
	

	Samsung
	1
	ProSe Relay UE ID is already included in relay discovery messages. So there is no need to include this information in other layers.

	ETRI

	1
	The discovery messages are transparent to the AS layer, so they can be identified by ProSe Relay UE ID in the upper layer.

	General Dynamics UK
	1
	

	ZTE
	1
	Yes, decoded ID would be the Prose Relay UE ID already included in relay discovery messages.

	CATT
	1
	

	Coolpad
	1
	

	Intel
	1
	We also agree to go with option 1. 

	BlackBerry
	1
	

	Kyocera
	1
	The decoded ID could be used to associate PC5 measurements between discovery periods. ProSe UE ID of the relay UE is the same on every discovery period, so ProSe UE ID of the relay UE may be used as the decoded ID.

	Huawei/HiSilicon
	1
	

	Nokia Networks
	1
	What is the decoded ID is a question for RAN1 as it is their assumption and they made this assumption in the context of RSRP filtering. Our understanding of this ID is that it is used to ensure that filtering is done using measurements of the PC5 link from the same UE on the other side of the link. RAN2 should be able to rely on getting PC5 link measurements at the AS layer and the ProSe UE ID via inter-layer interactions.

	Fujitsu
	1
	

	Potevio
	1
	

	LG
	1
	

	InterDigital1
	1
	

	ITRI
	1
	

	Sony
	1
	


So far discovery message is transparent to AS and content of discovery message is known only to ProSe protocol.

Option 1: Decoded ID is present in discovery message received by ProSe Protocol.
Option 2: (Companies can add other option)

	Company 
	Question 2: Where is decoded ID sent?

	
	Option
	Detailed comments

	Ericsson
	1
	

	Qualcomm
	1
	

	Panasonic
	1
	

	Samsung
	1
	We think inter layer interaction is mainly a modeling issue i.e. no need to specify much and to restrict UE implementation

	ETRI
	1
	

	ETRI
	1
	

	ZTE 
	1
	

	CATT
	1
	

	Coolpad
	1
	

	Intel
	1
	

	BlackBerry
	1
	

	Kyocera
	1
	ProSe UE ID of the relay UE is conveyed in MAC SDU, so Option1 is reasonable.

	Huawei/HiSilicon
	1
	

	Nokia Networks
	1
	This depends on what we eventually agree as the “Decoded ID”. It is to be sent to the layer where PC5 RSRP measurement filtering will be done. We agree with Samsung that we can leave the inter-layer interaction details to UE implementation and also leave the filtering to UE implementation. If the decoded ID is the ProSe Relay UE ID then it is already present in the discovery message.

	Fujitsu
	1
	

	Potevio
	1
	

	LG
	1
	

	Interdigital
	1
	

	ITRI
	1
	

	Sony
	1
	


Rapporteur comment: All companies agree that ProSe Relay UE ID is “decoded ID” as mentioned in the RAN1 LS and it is available at upper layer.

Proposal 1: RSRP filtering only takes place across resources with the same ProSe Relay UE ID.
Proposal 2: ProSe Relay UE ID is available at upper layer and inter layer interaction is left to UE implementation.
If decoded ID is ProSe UE ID which is known only to ProSe protocol after receiving the discovery message then one question arises that how to associate decoded ID (known at ProSe Protocol) and PC5 measurement (performed at L1)? Answer to this question depends on how the overall relay selection and reselection procedures are performed. Possible approaches for relay selection can be:

Approach 1: 

	AS layer:                            

· AS layer pass only those discovery messages to upper layer which have signal strength above configured (or preconfigured RRC provide) threshold. 

· For each message AS also provides corresponding signal strength to ProSe protocol.
ProSe Protocol:

· For each received discovery message from lower layer, ProSe protocol parses the message and prepares a shortlist of those relays which satisfies upper layer criterion.

· Perform moving average (PC5 signal strength filtering) to avoid sudden fluctuations in radio for shortlisted relays (as part of the step mentioned above). 
· How to do filtering (and associated parameters) will be defined in RRC. ProSe protocol will just say perform filtering as specified in xyz section of TS36.331.

· Rank relays according to metric in section 2.1.

· Select the best relay

·  Connect to it (whenever it is time) using PC5-Signaling protocol messages.


Approach 2:

	ProSe Protocol:

· For each received discovery message from lower layer, ProSe protocol parses the message and prepares a shortlist of those relays which satisfies upper layer criterion as decided by CT1 and provides the shortlist to AS.

· Receive selected relay from AS 

· Connect to it (whenever it is time) using PC5-Signaling protocol messages.

AS layer:                            

· From shortlist received from upper layer, AS prepares another shortlist of those relays which have signal strength above configured (or preconfigured RRC provide) threshold. 

· Perform moving average (PC5 signal strength filtering) to avoid sudden fluctuations in radio for shortlisted relays (as part of the step mentioned above). How to do filtering (and associated parameters) will be defined in RRC. 

· Rank relays according to metric in section 2.1.

· Select the best relay

·  Inform the selected relay to the upper layer


Approach 3: (companies can provide other approach)

Note: above approaches are described just for concept, how to capture in specification is part of modelling.

	Company 
	Question 3: Which Approach is used for relay selection?

	
	Option
	Detailed comments

	Ericsson
	2-ish
	We can agree to the principle of approach 2 because the radio layer information is kept in the AS. However, the layer interaction is not necessary to specify in that great detail.
We think a transparent container can be defined in TS 24.334 (by CT1) as part of the discovery message (i.e. an information element). The content of this information element, which is the “radio layer information”, and how it is used is defined in TS 36.331 by RAN2. References between the two specifications should be sufficient to properly capture the layer interaction. SA2 has agreed, and captured in TR 23.713, that the interaction at different layers between radio layer information and upper layer discovery information are implementation specific.
The radio layer information (i.e. the transparent container in the ProSe protocol) could be:
* Uu RSRP (7 bits)

* Uu RSRQ (7 bits)

* Spare values (10 bits)

	Qualcomm
	1
	We think option 1 seems cleaner approach. However we are ok with approach 2 as well if majority of the companies prefer it.

We acknowledge that this discussion is just to make consensus on the underline principle and there is no need to define it in this much detail.


	Panasonic
	1
	1 as described by QC + radio layer information as described by Ericsson

	Samsung
	2
	We think Uu metrics should not be introduced. Such additional complexity should only be introduced if there is significant gain which RAN1 could not conclude.

We agree inter layer interaction should not be specified much. Hence, it should be no problem to specify that AS handles what it normally does i.e. L3 filtering and ranking.

We like to clarify that in option 2 filtering is performed prior to the comparison against thresh.

One important question seems missing i.e. whether reselection should aim to do a) ensure the UE is connected to the best relay or b) ensure the UE quickly reconnects when connection with current relay is about to drop

	ETRI
	2
	It is necessary interaction between AS and NAS layer for Relay (re)selection but the operation is described in detail.

The nature of problem is about which layer performs a Radio Link Measurement Filtering for the Discovery Relay Selection. 
We prefer the AS layer handles it.

	General Dynamics UK
	1
	Agree with QC.

	ZTE
	2
	We think this procedure could be similar to PLMN selection and cell selection in E-UTRA. 
The upper layer criteria shall be applied first, and only the Prose relay UEs passing the upper layer filtering can be left for AS layer relay UE selection.

	CATT
	1
	Option 1 involes less interaction between AS and upper layer, which is more simple and clearer.

	Coolpad
	1 or 2
	We don’t have strong 
reference.  And we agree with Qualcomm that RAN2 could firsty agree the principle.

	Intel
	1
	We prefer approach 1 for its simplicity; however, we think that all the discovery messages should be passed up to the upper layer for evaluation as filtering is anyways performed in the ProSe protocol. 

If the majority view is towards approach 2, we are fine with it as well as long as some changes are made to ensure that the final selection is made by the upper layer and not the AS; In general, our concern with this approach is that the AS will have to maintain the measured result until the upper layer provides filtered information and also it needs to determine some association between the measured result and the corresponding received discovery message.  

	BlackBerry
	-
	Inter-layers interactions should not be over-specified. An appropriate level of details should allow for different implementations (e.g. other than 1 or 2) still satisfying the requirements. 

“Shortlisting” is not necessarily required for each individual discovery message (e.g. if measurements averaging over multiple messages reception occurrences is performed).

	Kyocera
	2
	For Option2, the function division looks similar to the current cell selection scheme, so it will be simpler than Option 1.

	Huawei/HiSilicon
	2
	We agree with Samsung in that we don’t see a need to specify details of inter-layer interaction (I,e, no need for Uu metrics to be specified)

	Nokia Networks
	2
	We think RAN1 working assumption of “RAN1 assumes that any RSRP filtering only takes place across resources with the same decoded ID” meant that measurement and filtering is done in AS layer which means Approach 1 is not aligned well with the RAN1 assumption.

	Fujitsu
	2
	In my opinion, we need to avoid providing radio layer information to ProSe protocol. So we prefer to 2.

	Potevio 
	1 or 2
	This seems like an internal interaction between Prose protocol layer and AS layer, which wouldn’t bring any impact on signaling interface. Thus, we don’t have a strong opinion, with respect to this issue.

	LG
	1 or 2
	We have no strong preference. With option1, interaction would be smaller than option2. With option2, more clear split between non-radio criteria (e.g. service code) and radio criteria (suitability, radio quality based ranking) is possible. 
So, it seems a matter of taste, depending on which principel we would like to seek for.    

	InterDigital
	1
	We think approach one is simpler as the UE doesn’t have to keep track on the measurements and the associated IDs that are only known at the ProSe protocol level.  The UE can send the message and associated measurement to ProSe protocol which after decoding the message and ProSe ID it can properly perform filtering and ranking of the relay. 

	ITRI
	1
	We think Approach 1 is simpler, but we also agree with Samsung that the filtering should be performed prior to the threshold comparison. So we think the detail of Approach 1 should be studied further.

	Sony
	2
	It depends on the selection criteria. If UE can select any suitable relay then approach 1 is the simplest. In case UE has to rank and select the best quality relay, then AS needs to know which of the detected relays satisfies upper layer criteria in order to rank only those which can be selected according to uppoer layer criteria. Our assumption is 2.


Approach 1 Only: 7 

Approach 2 Only: 9 

Either approach 1 or 2: 3

Rapporteur Comment:

Majority of companies have preference towards approach 2. It is clear that we don’t have to define inter layer interaction in this much detail. 

Proposal 3: Layer 3 filtering of PC5 measurement and PC5 measurement based ranking is specified at AS layer.
It is understanding that once a particular approach is selected it inherently answers the question given below, as ranking of relay is just arranging them in decreasing order of signal strength.
	- Define the detailed criteria to select a new relay and whether/how to perform the ranking of relays


Difference between above mentioned approaches is that which layer performs final decision of relay selection. Note that approach 1 is more natural because relay connection/disconnection are performed by upper layer, so it is better that relay selection/reselection is also performed by upper layer.

Option 1: Upper layer (ProSe protocol or ProSe Signalling Protocol) performs final relay selection

Option 2: AS layer performs final relay selection

Option 3: No need to define

	Company 
	Question 4: Which layer takes final decision of relay selection?

	
	Option
	Detailed comments

	Ericsson
	3
	We think there would be a suitability criterion on higher layers (e.g. matching relay service code as defined by CT1) and a suitability criterion on lower layers (e.g. relay selection criteria as defined in section 2.1). Both of these must be fulfilled and it is not required to define which layer has “the final say”. Ranking is only defined in the AS layer.

	Qualcomm
	1
	We agree with Ericsson that there will be sutability criterion on higher layer and suitability criterion on AS, and both criterion must be fulfilled. However we think one layer should take final call in case there are multiple relays satisfying both criterion.

	Panasonic
	3
	Agree with Ericsson (no need to define who has the final say as long as the radio and upper layer criteria are being met), decision is taken by the ‘UE’.

	Samsung
	3
	Agree with Ericsson we should try to avoid introducing requirements regarding inter layer interaction, including order of steps. If clarification/ guidance is desired, this could be handled by some note.

	ETRI
	3
	Agree with Ericsson.

	General Dynamics UK
	3
	Agree with Ericsson.

	ZTE
	2 
	Similarly to cell selection in E-UTRA, AS layer should decide the final relay to select. In any case the fact that a remote UE selects (and reselects) a relay UE needs to be described in AS specs.

	CATT
	1
	Since approach 1 is preferred in previous question, upper layer performs final relay selection. However, we agree this is only a guideline, which should not be specified in RAN specification.

	Coolpad
	3
	Agree with Ericsson.

	Intel
	1
	AS takes care of radio quality related aspect, but the final decision should be taken in the upper layer. 

	BlackBerry
	3
	Both highler layer and radio suitability criteria should be satisfied.

	Kyocera
	2
	Consdering the current cell selection scheme, AS layer performs final cell selection, so it seems to be better that relay selection follows the similar way. 

	Huawei/HiSilicon
	3
	Agree with Ericsson. Both higher layer and radio suitability criteria should be satisfied. How to achieve this is UE implementation specific, and there is no need to specify which layer has the first or final say.

	Nokia Networks
	2 (second choice is 3)
	If measurements, filtering and ranking are done at AS layer then the final decision should be at the AS layer. However, option 3 is also fine.

	Fujitsu
	3
	Agree with Ericsson. We don’t need to define which layer to make a final decision.

	Potevio
	3
	This should be UE implementation specific, so there is no need to specify which layer to make the decision.

	LG
	1 or 2
	It is obvious that both highler layer and radio suitability criteria should be satisfied. No strong preference on question 3 and 4. 

If option3 is shown to be really plausible and beneficial, we are open to consider option3. 

	InterDigital
	1
	If the measurements are passed to higher layers and higher layers perform the identification of the ProSe relay ID from the discovery message and the suitability criteria in terms of higher layer criteria then it is simplest that relay selection is done at higher layers.  

	ITRI
	1
	

	Sony
	2
	It depends on the selection criteria. If UE can select any suitable relay then approach 1 is the simplest. In case UE has to rank and select the best quality relay, then AS needs to know which of the detected relays satisfies upper layer criteria in order to rank only those which can be selected according to uppoer layer criteria. Our assumption is 2.


Option 1: 6

Option 2: 4

Option 3: 11

Rapporteur Comment:

Majority of companies prefer not to define which layer takes final decision to select a relay. It is assumed that there will be upper layer suitability criterion and AS layer suitability criterion. Both of these criterion should be satisfied. 

Proposal 4: It is not required to define which layer takes final decision to select a ralay. There will be suitability criterion at AS layer and at upper layer; both of these criterion should be satisfied to select a relay.
If final decision of relay selection/reselection is taken by upper layer, then it is not required for RAN2 to define the terminology for relay selection and reselection (it will be defined by CT1). However if final relay selection/reselection is performed by AS then what are the definition of relay selection and reselection:

Option 1: No need to define relay selection/reselection in RAN2 specification

Option 2: 

Relay Selection: Process of identifying a potential UE-to-NW relay, which can be used for connectivity service (e.g. to communicate with a PDN).

Relay Reselection: Process of changing previously selected UE-to-NW relay and identifying potential new UE-to-NW relay, which can be used for connectivity service (e.g. to communicate with a PDN).
Note: Connectivity service is the term used by SA2, hence it is used here.

Option 3: (companies can provide other option)
	Company 
	Question 5: Terminology for relay selection and reselection

	
	Option
	Detailed comments

	Ericsson
	2
	RAN2 has to identify rules to perform relay (re)selection that takes into account both cellular link quality between the eNB and the UE-to-Network Relay and PC5 measurements between remote UE and the UE-to-Network Relay

	Qualcomm
	2
	We think irrespective of which layer takes final decision, we need to have definition of (re)selection in various specifications (including RAN2 specification). We can inform CT1 to use the same definition.

	Panasonic
	2
	Relay (re)Selection itself cannot be completely transparent to AS. Also, since radio mobility is AS’s responsibility, it is good to define these terms in RAN2 specification.

	Samsung
	2
	We are fine to use these terms although relay reselection is somewhat different i.e. does not aim to always connect to the best relay

	ETRI
	2
	RAN2 criteria are applied to relay (re)selection in AS layer. So, the terms need to be defined in RAN2 specification.

	General Dynamics UK
	2
	Definitions should be included in RAN2 specification

	ZTE
	2
	Relay selection/reselection need to be defined in RAN2 specification together with the rules how the relay UE is selected and reselected.

	CATT
	1
	Since upper layer performs the final relay selection, we think the behaviors in AS are the same regarding to relay selection and reselection, which is providing all the suitable relays to upper layer. From AS point view, there is no need to distinguish the relay selection and reselection.

	Coolpad
	2
	Two terms in option 2 are quite clear in our view.

	Intel
	?
	From AS point of view, if we go with approach 1 (Question 3) in relay selection, AS layer does not take final decision of relay selection/reselection. However, the radio quality related criteria for selection and reselection are still specified in RAN2 and ProSe protocol would refer to it. 

	BlackBerry
	2
	Relay selection/reselection being subject to fast-changing radio parameters, RAN2 specification should be an essential repository for the related definitions.

	Kyocera
	2)
	It looks fine.

	Huawei/HiSilicon
	2
	Option 2 is clear. We should go with it.

	Nokia Networks
	2
	Prefer AS layer performs the relay selection/reselection decisions and so definitions should be in RAN2 specification.

	Fujitsu
	2
	It is necessary to define the Relay (re)Selection since AS is also included in the procedure of Relay (re)Selection.

	Potevio
	2
	No matter which layer to make the final decision, it is necessary to have definition of (re)selection in RAN2 specifications.

	LG
	2
	Fine to consider option2 as baseline. We should further see wehther these terminologies are actually required or need to be reshaped based on discussion on other relay topic. 

	InterDigital
	2
	The radio link quality measurement criteria should be specified in RAN2 specs however how they are used and final relay selection should be done at ProSe protocol level

	ITRI
	2
	

	Sony
	2
	


Option 1: 1

Option 2: 19

Rapporteur comment: Majority of companies prefer option 2.

Proposal 5: Following definition of relay (re)selection is defined in RAN2 specification:

Relay Selection: Process of identifying a potential UE-to-NW relay, which can be used for connectivity service (e.g. to communicate with a PDN).

Relay Reselection: Process of changing previously selected UE-to-NW relay and identifying potential new UE-to-NW relay, which can be used for connectivity service (e.g. to communicate with a PDN).

In RAN2#91 following agreement was made [3]
	· No other RAN2-specified criteria, except radio link quality, shall be considered for relay UE selection/re-selection.


RAN1 concluded that eD2D WI can be closed, however RAN1 was not able to conclude that Uu signal strength is considered for relay selection/reselection. RAN2 already agreed that PC5 signal strength is used for selection/reselection, so only open issue remains is use of Uu signal strength for relay selection/reselection.

Option 1: Uu signal strength is not considered for relay selection/reselection.

Option 2: Uu signal strength is also considered for relay selection/reselection
	Company 
	Question 6:  Is Uu signal strength considered for relay selection/reselection?

	
	Option
	Detailed comments

	Ericsson
	2
	Uu link quality has to be considered to have better Uu resource utilization. 
RSRP (7 bits) and/or RSRQ (7 bits) should be used by the remote UE when selecting the relay to enforce Uu performance (see section 2.1).

	Qualcomm
	1
	As RAN1 was not able to conclude that Uu link quality is also used for relay selection/reselection, so we are changing our position on this. 
Note that if it is decided that Uu quality is not used for relay selection/reselection then there is no need for “radio layer information” in the relay discovery message.

	Panasonic
	1
	Ideally eNB should ensure that all Relays have acceptable Uu link quality. One might of course argue that still a remote UE may need to choose between 2 (or more) relays when other criteria are same across them. While this seems logical, still it will introduce further complexity e.g. how does remote UE weigh Relay-Uu link quality Vs. PC5 link quality, how (often) is Relay-Uu link quality signalled,…Therefore, it is sufficient to rely on eNB “maintaining” relays and remote just using the PC5 quality.

	Samsung 
	1
	We think Uu metrics should not be introduced. Such additional complexity should only be introduced if there is significant gain which RAN1 could not conclude

	ETRI
	1
	It depends on RAN1 decision and RAN1 has no consensus on adaptation of Uu link quality in the last meeting. It may be beneficial to Uu resource utilization but it can be controlled by Uu link RSRP threshold.

	General Dynamics UK
	1
	As RAN1 was not able to conclude that Uu link quality should be considered, due to the added complexity it should not be introduced.

	ZTE
	1
	The relay UE has to meet a certain Uu link signal strength threshold before operating as a relay. Besides, RAN1 could not conclude on the gain of considering the Uu link quality for relay selection. Therefore we prefer not to consider this.

	CATT
	1
	The Uu quality has already been considered during the relay initiation procedure, since we introduced the Uu threshold relay needs to respect before initiation relay function.

	Coolpad
	2 or 1+ note
	We slightly prefer option 2 because if the remote UE selects a relay UE without poor Uu link quality, the communication may fail or the UE has to connect to another one.  We are not sure whether eNB from can always ensure that relay UEs have good Uu link quality.  At least, RAN2 has not captured that eNB is required to do this.  Anyway, if the majority companies agree with 1, we are also OK.  But in such case, probably RAN2 need to somehow capture (e..g add a note) that if the Uu link of relay link is not good, it should not be considered suitable to act as a relay and this should be ensured by eNB.

	Intel
	1
	It has already been discussed extensively in RAN1 and they could not arrive at a conclusion on whether Uu link quality is beneficial. Hence, we don’t see the need of re-discussion in RAN2. 

	BlackBerry
	2
	Taking Uu link signal level into account in addition to PC5 related requirements would improve selection/reselection (it looks reasonable to reselect a different relay if serving relay Uu falls below a threshold while PC5 link remains suitable).

	Kyocera
	1
	At first, we assume “Uu signal strength” means “Uu signal strength between DeNB and relay UE”. Based on this assumption, regarding the relay UE, the DeNB can control the threshold of Uu signal strength for relay initiation and the relay UE will fulfill the Uu signal strength, so the relay UE doesn’t need to indicate the Uu signal strength via relay discovery.

	Huawei/HiSilicon
	1
	Our understanding is that RAN1 discussed this point, and could not conclude that Uu link quality should be used for relay UE selection. Therefore, we think RAN2 does not need to discuss this further.

	Nokia Networks
	1
	Agree with Samsung. Besides, the relay initiation process already takes care of allowing relays with proper Uu link measurement conditions. By the way, the question 6 should be clarified that we are talking about Uu link between Relay UE and eNB.

	Fujitsu
	1
	Since the criteria eNB configuration can ensure the Uu link quality of relay, it is unnecessary to obtain small gain by additional complexity.

	Potevio
	1
	We think the Uu interface quality must fulfill the eNB criteria, so Uu interface data transmission can be guaranteed. 

Furthermore, if Uu link quality is considered, then relay UE have to transmit the Uu link quality to remote UE, and also to define how frequently the reley UE send the Uu link quality. And furthermore, due to the fast fluctuation of Uu interface, it may not be accurate for the remote UE to use Uu interface quality. 

As a implementation dependent solution to consider Uu link quality, the relay UE may initiate the relay reselection procedure if the Uu link quality goes worse. Therefore, the remote UE shall select or reselect the relay UE only based on the PC5 link quality.

	LG
	1
	No larger gain than marginal one with further consideration of Uu. Some RAN1 papers showed it.

	InterDigital
	1
	RAN1 couldn’t reach consensus on the gains of using such measurements.  Therefore it may be difficult for RAN2 to analyze the gains.  

	ITRI
	1
	Agree with ZTE

	Sony
	2
	One way or another, the Uu signal strength is a consideration. If it is simply the criteria used by the relay to determine whether to be a relay then it is still a consideration. This question is whether it is transmitted to the remote UE for consideration – in case remote UE needs to perform ranking to find the most suitable relay then Uu link quality should be a consideration, however we don’t think it needs to be broadcast with fine detail such as 7 bits – it is enough to broadcasat high/low or high/medium/low with one or 2 bits + let remote UE select the best relay amongst the highest Uu link quality in order that the selected relay has the best backhaul (relay->eNB) quality.


Option 1: 17

Option 2: 4

Rapporteur Comment:

Proposal 7: Uu (of Relay UE) signal strength is not considered for relay selection/reselection.

Relay (re)selection should also follow similar procedure as relay selection. In RAN2 #91 following agreement is made:

	· A relay UE is considered as suitable if the PC5 link quality exceeds a configured signal strength threshold.

· The remote UE can also trigger a selection of a new relay when it receives a release message from the relay UE (as defined by SA2). 


The agreements in the last meeting talk about the use of PC5 link quality for Relay selection but not about the Remote UE’s Uu link quality. Ideally, the Uu link should be used as much as possible/ efficient (should be controlled with configurable Uu threshold) since it is more eifficient than PC5.

It will be strange to select a Relay when the remote UE is in good overlay coverage (but somehow also has good PC5). In the first place, this (remote) UE should not even have discovered the/ any Relay but the agreement (concerning remote UE’s Uu link quality) in the previous meeting was only made for sending Discovery Solicitation messages (i.e. Mode B). This would mean that a remote UE using Mode A discovers a Relay even in good Uu link quality! However, it may later send the UESidelinkInformation requesting resources for relay layer-2 selection/ one-to-one communication purpose and the eNB can chose to not provide resources since this UE still had good Uu. But we should clarify, if even such sending of the UESidelinkInformation is acceptable? So, we can specify that a (remote) UE either

1. does not initiate Relay Discovery until the Uu link is worse than a threshold; or,
2. does not initiate Relay Selection until the Uu link is worse than a threshold; or,
3. Remote Uu link quality is of no significane for Mode A discoveries

	Company 
	Question 6b:  Is Remote Uu link quality also a required criterion to initiate Relay discovery/ selection? If so, which of the above option is suitable

	
	Option
	Detailed comments

	Panasonic
	1
	Un-necessary discovery(ies) consume battery.

	ETRI
	1
	The condition for sending Discovery solicitation message and for receiving Relay Discovery message in the remote UE is the same.

	General Dynamics UK
	1
	Agree with Panasonic.

	ZTE
	1 
	We agree with Panasonic analysis that unnecessary relay discovery/selection when the Uu link quality is sufficiently good should be avoided, or at least the subsequent attempt to connect to a relay UE 

	Coolpad
	1
	

	Intel
	1
	

	BlackBerry
	1
	

	Kyocera
	1
	It looks reasonable.

	Huawei/HiSilicon
	1 or 2
	Both options 1 & 2 are acceptable. The remote UE does not need to initiate a relay connection setup with a candidate relay UE if the remote UE’s Uu link is reliable

	Nokia Networks
	3
	This email discussion should focus on the original set of questions created by the rapporteur. Note also that this email discussion was supposed to focus on relay reselection and ranking only as indicated by the following guidance: “Define the detailed criteria to select a new relay and whether/how to perform the ranking of relays”. The new questions and options are confusing (since it is also talking about relay discovery by in-coverage remote UE). We suggest to bring this issue in Question 6b as a contribution for the next meeting.

Also note that in RAN2#90 we made the decision that “The remote UE (in-coverage) can decide when to start monitoring” and the FFS in RAN2#90 on whether there is eNB control or not for remote UE to perform discovery is for Model B only. We later resolved that FFS in RAN2#91. So as far as Model A goes we already agreed that for Model A remote UE can independtly decide when to start monitoring

	Fujitsu
	1
	When UE perfom relay discovery, the remote UE will also measure the PC5 channel. From power saving point view, we need to specify the UE behavior of the Model A.

	Potevio
	1
	Given the battery consumption, we think that it is reasonable to define a threshold to avoid unnecessary relay discovery from the remote UE.

	LG
	1
	We think the philosophy for agreeing of restricting sending discovery solication message should be generalized to whole discovery procedure. There seems to be no reason for performing discovery including monitoring in a good coverage.

	InterDigital
	1
	We agree with Nokia Networks that we already agreed to leave it up to UE implementation in RAN2#90 and that the question seems outside the scope of the email discussion.    

However, given that we are discussing this issue, to simplify UE behavior and specify a single behavior for both discovery models we are fine with Option 1 and think that this can be beneficial for  

	ITRI
	3
	Agree with Nokia Networks

	Sony
	all
	It depends on the scenario – NW should be able to configure a threshold, or configure relays to act as relay even without any threshold criteria – since there are some cases whereby relay operation would be needed even if relay UE coverage is good.


Rapporteur comment: This question is not in the scope of email discussion; however majority of companies (responded to this question) prefer that UE doesnot initiate relay discovery until the Uu link quality is worse than a threshold. It should be noted that RAN2 already agreed (RAN2 #90) that Remote UE can autonomously start model A discovery.
Observation 1: Some companies see benefit in allowing relay discovery only when Uu link quality is worse than a threshold; however it contradicts with previous RAN2 agreement.
1.1. Relay selection criteria  

Assuming from above discussion that the Uu link quality has to be taken into account, a question arises on how the PC5 and Uu link quality should be used by the remote UE when selecting the UE-to-NW Relay.

Option 1: Select the UE-to-NW Relay which has the best link quality on either the PC5 link or the Uu link.

Option 2: Select the UE-to-NW Relay whose worst link quality in either PC5 or Uu is the best.

Option 3: Select the UE-to-NW Relay that has the best linear combination of Uu and PC5 link measurements.

Option 4: Select the UE-to-Network Relay which has the best link quality on PC5.

Option 5: Select the UE-to-Network Relay which has the best link quality on PC5, and Uu link quality above threshold.

Option 6: Select the UE-to-Network Relay which has the best link quality on PC5 amongst those with highest Uu quality (from high / medium / low range) 
Option 7 (Companies can add other option)
	Company 
	Question 7:  If also the Uu link quality has to be considered, how the remote UE uses the PC5 and Uu link quality to select the UE-to-NW Relay?

	
	Option 
	Detailed comments

	Ericsson
	2
	This option ensures that the specified quality of the weakest link among the two links (Uu and PC5) associated with the selected Relay UE, is actually the best among all candidate Relay UEs. This option also seems to reduce the possibility of selecting a Relay UE that has one link with very good quality and the other with very bad quality
In the other options instead, it can happen that one selects a Relay UE which has a significant imbalance between the qualities of the two links and bottlenecks might occur.

	Qualcomm
	4
	As RAN1 was not able to conclude that Uu link quality is also used for relay selection/reselection, so we are changing our position on this. We are fine if only PC5 is used for relay selection/reselection.

	Panasonic
	4
	All other seems optimizations. Option 2 does not yield a result when only two candidate relays are available and each of these has either the best PC5 or Uu (but not both).

	ETRI
	4
	RAN2 criteria for Relay selection is only PC5 link quality in this release.

	General Dynamics UK
	4
	Only the PC5 link quality should be considered.

	ZTE
	4 
	As previously commented, we think Uu link quality is not required for relay UE selection.
Furthermore:

- For relay selection while in coverage: a timer (Treselection) and ranking should be considered to avoid pingpong.
 - For relay selection from out of coverage: no timer and ranking scheme (the reason is to make a relay selection as quickly as possible)
We plan a RAN2 paper to further clarify this.

	Coolpad
	2 or 4 + note
	Slightly prefer option 2 due to considerations in previous part.  However, we can also accept 4 if majority of companies agree with that option.  In that case, we think RAN2 should capture something properly as mentioned in previous part.

	Intel
	4
	In Rel.13, Relay (re)selection can be performed based only on PC5 link quality.

	BlackBerry
	5 or 2
	(Providing Uu link quality is acceptable)

	Kyocera
	4
	The DeNB can control the threshold of Uu signal strength for relay initiation, so the remote UE should select the relay UE which has the best link quality on PC5.

	Huawei/HiSilicon
	4 or 5
	In spirit we agree with option 5. However, our understanding is that this is essentially equivalent to option 4 in that it is up to the relay UE and network to guarantee the viability of the Uu link (thru configured thresholds, etc.), and the the remote UE would not have direct knowledge of Uu link quality. Hence, as we have agreed that the remote UE is responsible for relay UE selection, it seems that logic of the remote UE is to select the best candidate relay UE from which it receives discovery messages (best PC5 link quality). Hence, in our understanding this would be equivalent to option 4 from the perspective of the remote UE. 

	Nokia Networks
	4
	First of all, Uu link quality mentioned in question 7 is about Uu link between in-coverage remote UE and eNB and this need to be clarified. Uu link quality in Question 6 and Uu  link measurements discussed in RAN1 are that of relay UE.

Separate contributions must be submitted for next meeting if Uu link quality of in-coverage remote UE has to be taken in to account.  Note that in RAN2#91 we agreed that “an in-coverage remote UE performs relay selection (using the same selection criteria as out-of-coverage)”. Since there is no Uu link criteria for OOC remote UE we must also not use the Uu link criteria for in-coverage remote UE.

	Potevio
	4
	As per the discussion in question 6, the majority companies agreed Uu link quality doesn’t need to be taken into account. At this point, we think only the PC5 link quality shall be considered.

	LG
	4-ish
	Even if it is true that actual channel condition of two link channel is determined by harmonic mean, it is also true that as long as the channel condition of one link is kekp as reasonable, to considering the quality of another link only provides sufficiently good selection result. 

	Interdigital
	4
	

	ITRI
	4
	

	Sony
	6
	See Q6


Option 1: 0

Option 2: 3

Option 3: 0

Option 4: 14 

Option 5: 2 

Option 6: 1

Rapporteur comment:

Majority of companies prefer option 4.

Proposal 8: Select the UE-to-Network Relay which has the best link quality on PC5.
1.2. Relay Reselection
AS layer related trigger for relay reselection has following options:
Option 1: PC5 signal strength of candidate relay is threshold (configured or pre-configured) better than current relay.
Option 2: PC5 signal strength of current relay is below configured (same threshold as agreed in RAN2#91 for suitable relay) signal strength threshold.

Option 3: Relay reselection rules (including possible Uu link quality usage) are the same as for relay selection with some additional configurable hysteresis parameters.
Option 4: Remote UE stays on current relay until PC5 link quality is below a configured threshold, which is higher than the suitable threshold. Then, discovery procedure is initiated + relays are ranked according to the same criteria as relay selection. 
Option 5(Companies can add other option)
	Company 
	Question 8:  AS layer relayed trigger for relay reselection?

	
	Option 
	Detailed comments

	Ericsson
	3
	The relay reselection criteria should be the same as for relay selection. However some hysteresis parameters should be applied in order to avoid ping pong effects.

	Qualcomm
	1 and 2
	We think option 3 is also same as option 1 + option 2 if Uu link quality is not considered for relay selection/reselection.

	Panasonic
	3
	Assuming that the proposed hysteresis is w.r.t. the current Relay.

	Samsung
	2
	We think there is no real need for UE to always connect to the best relay on the frequency as this would not reduce interference (no Tx power control) while mechanism are in place to handle resource collissions e.g. random selection, hopping.
When remote UE continue communicating with selected relay as long as possible, service interruption can be minimised.

	ETRI
	2
	We think it is better to remain in the current relay as much as possible.

	General Dynamics UK
	3
	

	ZTE
	1 and 2 
	Both conditions 1 and 2 need to be satisfied. This ensures that while the current relay UE provides sufficient quality, the remote UE would not trigger relay discovery.
Other aspects need to be considered, i.e. a hysteresis and a timer for reselection to avoid pingpong effects.
Another issue is whether the RSRP metric decided by RAN1 for relay selection is also measured on discovery messages for relay reselection. For Model B, a relay UE does not periodically transmit discovery messages. One possibility to avoid this problem is to specify that a remote UE continues to transmit discovery solicitation messages (i.e. also when already connected to a relay UE). Details would be provided in a RAN2 paper.

	CATT
	2
	We think the service continuity is more important than the service quality for the public safety service. Option 2 could provide better service continuity.

	Coolpad
	2 + hysteresis
	Agree with Samsung that reselection rule is not same with selection as we think there is no need for the remote UE to always reselect to the best relay.  Hysteresis is needed to avoid unnecessary some reselection.

	Intel
	1
	We prefer option 1 as it is similar to the existing cell reselection and sync reference UE reselection. 

	BlackBerry
	3
	Including Uu falling below threshold triggering reselection.

	Kyocera
	2 and 3
	Basically, the remote UE shouldn't change the relay UE frequently, so we share the same view with Ericsson taht Option 3 should be introduced. Additionally, Option 2 will be fine for triggering the relay reselection.

	Huawei/HiSilicon
	1 
	We believe that this can be modeled similar to cell selection/reselection.

	Nokia Networks
	2
	Agree with Samsung.

	Fujitsu
	2
	Considering the case that the loading of the relay with the best PC5 is high, the remote UE may always be rejected to access to this relay if the remote UE sends the request of PC5 link establishment. So we think that the remote UE only need to access to the suitable relay.

	Potevio
	2 + hysteresis
	In fact, relay reselection procedure is similar to Handover procedure very much. Thus, the hysteresis shall be taken into account to avoid Pingpong relay reselection. Therefore, defining an mearsurement event A3 likely relay reselection criteria is necessary.

	LG
	2 only

2 + 1
	Option2 is necessary to escape a current relay that is no longer suitable.  Hysteresis can be further considered. 
Option1 seems also beneficial to select a PC5-better relay UE and also to prevent unnecessary reselection.  

	Interdigital
	2 and 1
	The UE should stay as long as possible with the serving relay, however, if the quality of the relay goes below a threshold it should reselect to a candidate relay only if link quality is higher than the current serving relay by a threshold.  

	ITRI
	2 + 1
	Agree with LG

	Sony
	4
	It’s a combination of approaches. Agree with Samsung that UE should stay as long as possible on the current relay. However, in order to reduce service interruption the remote UE should start measurements and trigger discovery (model B) ahead of the current relay becoming untsuitable. This way the UE can identify a target relay before it has to disconnect from the current one. The relay selection criteria should be re-used. 


Option 1: 7

Option 2: 14

Option 3: 5

Option 4: 1

Rapporteur comment:

Majority of companies prefer option 2, some of the companies opted for option 2 also wants hysteresis to avoid ping pong effect.

Proposal 9: AS layer triggers relay reselection when PC5 signal strength of current relay is below configured (same threshold as agreed in RAN2#91 for suitable relay) signal strength threshold.

Proposal 10: Discuss if a Hysteresis (or offset) is required on top of option 2.

Rapporteur comment:
After further discussion some companies think that to avoid ping pong effect some kind of hysteresis (or offset) can be provided and can be modelled sililar to Rel-12 SynchRef UE selection reselection. It is Rapportuers understanding that Option 1 + option 2 actually represents SynchRef UE selection/reselection mechanism.
3. Summary and conclusions
Proposal 1: RSRP filtering only takes place across resources with the same ProSe Relay UE ID.

Proposal 2: ProSe Relay UE ID is available at upper layer and inter layer interaction is left to UE implementation.

Proposal 3: Layer 3 filtering of PC5 measurement and PC5 measurement based ranking is specified at AS layer.
Proposal 4: It is not required to define which layer takes final decision to select a ralay. There will be suitability criterion at AS layer and at upper layer; both of these criterion should be satisfied to select a relay.
Proposal 5: Following definition of relay (re)selection is defined in RAN2 specification:

Relay Selection: Process of identifying a potential UE-to-NW relay, which can be used for connectivity service (e.g. to communicate with a PDN).





Relay Reselection: Process of changing previously selected UE-to-NW relay and identifying 





potential new UE-to-NW relay, which can be used for connectivity service (e.g. to communicate 




with a PDN).

Proposal 6: Uu (of Relay UE) signal strength is not considered for relay selection/reselection.
Proposal 7: Select the UE-to-Network Relay which has the best link quality on PC5.
Proposal 8: AS layer triggers relay reselection when PC5 signal strength of current relay is below configured (same threshold as agreed in RAN2#91 for suitable relay) signal strength threshold.

Proposal 9: Discuss if a Hysteresis (or offset) is required on top of option 2.
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