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1. Introduction
RAN2#113bis-e [1] has reached the following agreements for relay (re)selection:
	​​​Proposal 1: For relay (re)selection, RAN2 clarify that only the common parts of L2 and L3 relay is required to be completed by RAN#92. L2 specific design may be discussed in L2 relay agenda items in contribution driven manner.  

Proposal 4: RAN2 confirm below NR relay (re)selection procedures which are same as LTE Prose relay:

1) PC5 Measurement: For relay(s) without unicast PC5 sconnection, remote UE uses RSRP measurements of sidelink discovery messages (i.e. SD-RSRP) to evaluate whether PC5 link quality of a Relay UE satisfies relay selection and reselection criterion
2) Trigger of relay selection: Triggered at remote UE when: a) direct Uu link quality is below a configured threshold for an in-coverage remote UE (in IDLE/INACTIVE and CONNECTED for L3 U2N relay; L2 case to be further discussed); or b) triggered by upper layer

3) Trigger of relay reselection: Triggered at remote UE when: a) PC5 measurement towards current relay UE is below a (pre)configured threshold; or b) Reception of an upper layer release message or similar indication from current relay UE; or c) Triggered by upper layer 

4) How to choose relay UE in relay (re)selection: Remote UE searches for suitable relay UE candidates which meet all AS-layer & higher layer criteria. If multiple such candidate relay UEs available, it is up to Remote UE implementation to choose one Relay UE. 

Proposal 5: Same as LTE, Uu link threshold (like threshHigh-r13), PC5 link threshold(like q-RxLevMin-r13), L3 filter coefficient for SD-RSRP/SL-RSRP (like filterCoefficient-r13) and hysteresis (like hystMax-r13 and minHyst-r13) can be provided via SIB/RRC by gNB or pre-configuration. Handling of Uu link threshold being absent can reuse LTE approach (i.e. when absence, remote UE considers condition to be met). 

Proposal 6: In SD-RSRP measurement for relay (re)selection trigger and candidate relay evaluation, L3 filtering is applied across measurements on the DMRS of PSSCH transmission which carries discovery message from the concerned relay.

Proposal 8: RAN2 confirm that remote UE triggers relay reselection if PC5 RLF with current relay UE is detected by remote UE.  FFS if there is any impact to other RLF handling activities.

Proposal 14: Uu quality between relay UE and gNB is not included in discovery message as additional AS criteria for relay (re)selection  

Proposal 16: Include the information required for agreed additional AS criteria in discovery message.
Proposal 2-1: For L3 relay, the use of PLMN ID and cell ID in relay (re)selection is up to SA2

Proposal 2-2: For L2 relay, PLMN ID supported as additional AS criteria for relay (re)selection.  Whether cell ID is used can be further discussed by RAN2.

Proposal 3-1: Besides serving cell ID, PLMN ID, L2/L3 relay support (if agreed in discovery session) and relay load, other additional AS criteria are not considered in this release.
Proposal 1: For L2/L3 relay common parts of relay (re)selection, RAN2 confirm that there is no support of service continuity from AS layer perspective

Proposal 2: gNB controlled relay (re)selection” or “gNB controlled path switch” belong to L2 relay service continuity agenda item, and they are not treated in relay (re)selection discussion by RAN#92

Proposal 3: QoS controlled relay (re)selection is not treated in relay (re)selection discussion by RAN#92

Proposal 6: When PC5 RLF is detected by relay UE on a PC5 unicast link towards a remote UE, relay UE in RRC_CONNECTED sends the PC5 RLF indication to gNB (as supported in R16 specification).

Proposal 4: When Uu RLF is detected by relay UE, relay UE may send a PC5-S message (similar to LTE) to its connected remote UE(s) and this message may trigger relay reselection. FFS other indication/message can also be used for notification.

Proposal 5: When relay performs HO to another gNB, relay UE may send a PC5-S message (similar to LTE) to its connected remote UE(s) and this message may trigger relay reselection. FFS other indication/message can also be used for notification

Proposal 8: If both a suitable cell and a suitable relay are available, the remote UE can select either one (or both, for L3 relay only) based on its implementation in this release (i.e. TS 38.304 will not specify any additional procedure for selecting between the cell and the relay). FFS whether any enhancements to the cell (re)selection procedure for L2 relay.


Regarding the above agreemetns, there are some further discussion needed for how to evaluate PC5 link quality based on SL discovery message (SD-RSRP), whether to use SL-RSRP, and whether relay load or other AS criteria need to be considered.

In this paper, we discuss those issues one by one in Section 2 and concluded the discussions in Section 3.
2. Discussions
2.1 Measurement of PC5 link quality
RAN2#112e [2] has reached agreements for basic relay selection and reselection for both UE-to-Network relay for NR SL relay study:
· Radio measurements at PC5 interface are considered as part of relay (re)selection criteria.

· Remote UE at least use “Radio signal strength measurements of Sidelink Discovery Messages” to evaluate whether PC5 link quality of a relay UE satisfies relay selection and reselection criterion.  

· Remote UE may also use SL-RSRP measurements on the SIdelink unicast link to evaluate whether PC5 link quality with a relay UE satisfies relay reselection criterion.  Details e.g. in case of no transmission on the unicast link can be discussed in WI phase.

In NR V2X, a Sidelink UE’s transmission may subject to OLPC (Open Loop Power Control). Based on RRC configuration [3], a sidelink UE may have the following options for its transmit power setting.

1. Use a fixed transmit power
2. Transmit power subject to OLPC based on DL (between UE and gNB), if UE is in coverage
3. Transmit power subject to OLPC based on SL (between UE and UE)
For SL discovery message transmitted as a broadcast message by the relay UE, OLPC based on DL may be applicable as the UE-to-NW relay UE is always in coverage. As the transmit power changes, the radio signal strength measurement of SL discovery message may also change. 
Observation 1
radio signal strength measurement of SL discovery message depends on the TX power of relay UE.

This creates a challenge to use this measurement directly to reflect the PC5 radio link quality. Logically, the remote UE wants to have a relay UE close to itself rather than a relay UE farther away. But RSRP measurements will remain similar, when compare a high transmission power but far relay UE with a low transmission power but near relay UE. So, the power control mechanism makes it hard to judge which relay UE is really closer among two similar radio signal strength measurements. Logically, the remote UE should still prefer the near relay UE in this case. This is because the OLPC scheme has limits on adjust its TX power to compensate for the pathloss. If the “far” UE moves further away, the OLPC cannot be used to compensate the further pathloss and RLF will occur. From this perspective, the UE cannot equate the two relay UEs as same PC5 link quality.
To mitigate this, the remote UE need to identify the PC5 link pathloss instead. Pathloss is also a fair metric for remote UE to compare the radio link qualities measured in different relays, especially between the relay evaluated with a discovery RSRP measurement and the relay evaluated with a SL-RSRP measurement, which are subject to different OLPC mechanisms.

Observation 2
Sidelink Pathloss is the fair metric to evaluate the link quality between remote UE and relay UE.
To calibrate pathloss, the remote UE need know both the RX signal strength and TX power of a transmission. One possible way to solve this problem is to specify a fixed TX power for the broadcast of relay discovery message. However, this means that the logical channel carry relay discovery message cannot be multiplexed with other discovery messages or other broadcast traffic transmitted by a relay UE, which may reduce the system efficiency. Also, the benefits of OLPC will be lost and the gNB may subject strong interference from relay UE. An alternative way is to let the relay UE indicate its transmit power in SL discovery message and OLPC is still used. Unlike LTE Prose, there is no size limit for SL discovery message in 5G ProSe. Hence, this small overhead shall not be a problem for upper layer discovery message design.
As shown in Figure 1, the relay UE include Ptx in the discovery announcement messages. After message is decoded, this information is passed to the AS layer of remote UE and associated with the RSRP measurement of the discovery message, so that the pathloss can be correctly calculated by AS layer for the sake of relay selection and reselection. 
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Figure 1. Obtaining Pathloss for Model A discovery
Proposal 1
Relay UE carry TX power information in its SL discovery message in model A relay discovery.  
For Model B discovery, there is an alternative way to calibrate pathloss, when remote UE sends the relay solicitation message, relay UE can conduct the radio signal measurement of solicitation message and include this measurement back to the discovery response message, as the TX power used by remote UE is already known by the remote UE in AS layer, remote UE can then calculate the pathloss. This mechanism is depicted in Figure 2.
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Figure 2. Obtaining Pathloss for Model B discovery
Proposal 2
Relay UE carry radio signal strength measurement of SL discovery message transmitted by remote UE in model B relay discovery.  
Of course, it is also possible to let the relay UE include its transmit power in Discovery response message. This will also solve the issue, in a way similar to model A.

To ensure the fair comparison between measurements based on SL discovery message and SL-RSPP based on PC5 unicast link, the measurements for discovery message needs to be aligned with the same DMRS symbols used to measure SL-RSRP.

Proposal 3
SL Discovery RSRP is measured based on the same DMRS symbols in PSSCH for SL-RSRP.  
Another remaining issue is how to obtain SL-RSRP measurements on the SIdelink unicast link to evaluate whether PC5 link quality with a relay UE satisfies relay reselection criterion, in case of no transmission on the unicast link. The problem can be solved with SL discovery mechanism instead of seeking SL-RSPR measurements in this case. When a relay needs to be evaluated, but there is no ongoing traffic in PC5 unicast link, the remote UE can trigger model B discovery, and then the pathloss can be calibrate based on the measurements of SL discovery message instead of using SL unicast traffic. 
Proposal 4
Remote UE triggers model B relay discovery when there is no traffic ongoing between remote UE and relay UE to evaluate the pathloss of PC5 link.  
Finally, we think if there is already a PC5 link established between remote UE and relay UE, it’s straightforward to use SL-RSRP for evaluation. The following question would be how to address the different transmission power problem on SL discovery message and the SL communication. To our understanding, when such a comparison is needed, this technical problem can be solved mathematically by factor in the TX power, e.g., based on calculated pathloss, as discussed earlier. The scheme used for evaluating SD-RSRP measurements can be also applicable to SL-RSRP measurements. As the UE transmitting CSI request is aware of its own TX power, it can divide the SL-RSRP by its own Tx power to have a fair understanding of the path loss and compare this with pathloss calculated based on SD-RSRP.

Proposal 5
Support SL-RSRP to be used also for PC5 link quality measurement for relay reselection. Remote UE can calculate the PC5 link pathloss based on its own TX power and received SL-RSRP measurements to neutralize the impact of open-loop power control.
2.2 Additional AS layer relay selection criteria
RAN2 has discussed the relay load issue in [Post113bis-e][602][Relay] Definition of relay load criterion [4] but there is no convergence on whether and how to support this. It is worth noting that that even in LTE ProSe, there is a “Status indicator field” in PC5_discovery message, as copied from TS 24.334 [5] below:
12.2.2.67
Status Indicator
This parameter is used to indicate the status of ProSe UE-to-network relay.

This parameter is coded as shown in figure 12.2.2.67.1 and table 12.2.2.67.1.

Resource Status Indicator (RSI) is used to indicate whether or not the UE has resources available to provide a connectivity service for additional ProSe-enabled public safety UEs.
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Figure 12.2.2.67.1: Status Indicator parameter

Table 12.2.2.67.1: Status Indicator parameter
	RSI (octet 1)

	Bit

	8
	
	
	
	

	0
	
	
	
	the UE does not have resources available to provide a connectivity service for additional ProSe-enabled public safety UEs

	1
	
	
	
	the UE has resources available to provide a connectivity service for additional ProSe-enabled public safety UEs

	

	Bits 1 to 7 of octet 1 are spare and shall be coded as zero (see NOTE).

	NOTE:
Bits 1 to 7 of octet 1 were reserved in earlier versions of the protocol.


In our view, “relay load” status is an extended version of the “RSI” concept in LTE ProSe. In LTE ProSe, UE need take the RSI filed into account in relay selection, as similar to 5G ProSe UEs take “relay load” status into account in relay selection. Thus, this is kind of follow LTE ProSe legacy to provide some further differentiation of relay UEs. RAN2 can first decide to support this field in discovery message so that relay selection can use this as an additional criterion. “Relay load” status can be agreed to be a relative quantity value. For example, Relay UE could optionally indicate a “load” value between 0 (zero load)- 99 (almost full), so that remote UEs can take this information into account during relay selection, i.e., choosing a relay with less load.
Proposal 6
Follow LTE legacy, Support “Relay load status” as an additional criteria for relay (re)selection.  
Then, RAN2 can further discuss how to set this value, e.g., based on the number of remote UEs or the number of PC5-RRC connections. If companies cannot converge on how to set the load status exactly, a possible option is left this to relay UE implementation.
Proposal 7
RAN2 discuss the two options for Relay UE set the relay load status: 1) there can be two options: 1) map the number of remote UEs or the number of PC5-RRC connection to a load value based on defined formula; or 2) or left for UE implementation.
Finally, we think it is beneficial to have RRC state of relay UE to be include as an additional AS layer criterion. It is very obvious that a CONNECTED relay UE is a much better choice than an IDLE/INACTIVE relay UE. A CONENCTED relay UE will not be subject to UAC barring and will have much less latency for setup U2N relay mechanism to provide relay service. so, this information is very important for remote UE relay selection and RAN2 need to add this as part of SL discovery message.
Proposal 8
RRC State of Relay UE is added as an additional AS creteria for relay (re)seelction.
3. Conclusions

In this paper, we have discussed some remaining issues for relay discovery and (re)selection, and have the following observations:

Observation 1
radio signal strength measurement of SL discovery message depends on the TX power of relay UE.

Observation 2
Sidelink Pathloss is the fair metric to evaluate the link quality between remote UE and relay UE.
Then, we have the following proposals:

Proposal 1
Relay UE carry TX power information in its SL discovery message in model A relay discovery.  
Proposal 2
Relay UE carry radio signal strength measurement of SL discovery message transmitted by remote UE in model B relay discovery.  
Proposal 3
SL Discovery RSRP is measured based on the same DMRS symbols in PSSCH for SL-RSRP.  
Proposal 4
Remote UE triggers model B relay discovery when there is no traffic ongoing between remote UE and relay UE to evaluate the pathloss of PC5 link.  
Proposal 5
Support SL-RSRP to be used also for PC5 link quality measurement for relay reselection. Remote UE can calculate the PC5 link pathloss based on its own TX power and received SL-RSRP measurements to neutralize the impact of open-loop power control.

Proposal 6
Follow LTE legacy, Support “Relay load status” as an additional criteria for relay (re)selection.  
Proposal 7
RAN2 discuss the two options for Relay UE set the relay load status: 1) there can be two options: 1) map the number of remote UEs or the number of PC5-RRC connection to a load value based on defined formula; or 2) or left for UE implementation.

Proposal 8
RRC State of Relay UE is added as an additional AS creteria for relay (re)seelction.
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