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1. Introduction
At RAN#96, a Revised Work Item on NR Sidelink Relays [1] was approved as a follow up of the Work Item on NR Sidelink Relay [2] approved at RAN#95-e. This WI identifies further enhancements for the support of sidelink relay in Rel-18, beyond those developed for Rel-17. Of particular interest for this contribution is the necessity of enhancements to service continuity in UE-to-Network relay to cover mobility scenarios. 
Clause 5.8.14.2 of [4] specifies threshold conditions for an NR sidelink U2N Relay UE. Here, hysteresis parameters hystMinRelay and hystMaxRelay are introduced in order to avoid a “bounce” effect where a Relay UE would quickly switch between the two states of respectively being enabled/disabled to send sidelink discovery messages. This contribution proposes a further improvement to this mechanism, specifically to cope with expected common cases of U2N Relay UE mobility. Improving the discovery in this manner will result in the selection of a U2N Relay UE that is bouncing less often, moving less quick and has a stable connection with a gNB. This reduces end-to-end connection failures and may force the Remote UE to select a different, more stable, U2N Relay UE, and hence improve service continuity.
2
Discussion 

2.1
Background: Hysteresis for Cell Reselection Adapts to UE Mobility in NR
Dealing with UE mobility is not a new topic. In clause 5.2.4.6 of TS 38.304 [3], cell reselection for a UE in RRC_IDLE / RRC_INACTIVE is also applying a hysteresis (Qhyst) to ensure that a serving cell is preferred to other cells, to some (configurable) degree. This hysteresis avoids the overhead of frequent cell reselections. 
In clause 5.2.4.3.1 of TS 38.304 [3], it is specified how Qhyst may be adapted by a scaling factor depending on the mobility state of a UE. If such scaling factor is configured, it can be used to decrease Qhyst.  The scaling factor is referred as q-HystSF in TS 38.331 [4], conveyed in SIB2 and defined for the Medium-mobility and High-mobility states of a UE. 
Adapting the hysteresis value Qhyst based on the UE mobility state better serves the UEs that are moving. For example, a high-mobility UE can thus be configured to allow cell reselection to take place sooner by effectively lowering Qhyst by means of the scaling factor. This avoids the issue of starting cell reselection too late for a UE in a high-mobility situation.
Observation 1: In NR, for a UE in RRC_IDLE or RRC_INACTIVE, cell reselection uses configured RSRP thresholds with configured hysteresis values, which are adapted according to the mobility of the UE, to improve the reselection process. 

2.2
U2N Relay UE Threshold Conditions
Clause 5.8.14.2 of TS 38.331 defines the threshold conditions for U2N Relay UE, which need to be met in order for upper layers to enable reception/transmission of relay-related NR sidelink discovery messages. Effectively, the conditions determine whether the U2N Relay UE can “advertise” itself as a relay, or not.
	5.8.14.2
NR sidelink U2N Relay UE threshold conditions
A UE capable of NR sidelink U2N Relay UE operation shall:

1>
if the threshold conditions specified in this clause were previously not met:

2>
if threshHighRelay is not configured; or the RSRP measurement of the PCell, or the cell on which the UE camps, is below threshHighRelay by hystMaxRelay if configured; and

2>
if threshLowRelay is not configured; or the RSRP measurement of the PCell, or the cell on which the UE camps, is above threshLowRelay by hystMinRelay if configured:

3>
consider the threshold conditions to be met (entry);

1>
else:
2>
if the RSRP measurement of the PCell, or the cell on which the UE camps, is above threshHighRelay if configured; or

2>
if the RSRP measurement of the PCell, or the cell on which the UE camps, is below threshLowRelay if configured;

3>
consider the threshold conditions not to be met (leave);




Table 1: clause 5.8.14.2 of TS 38.331

The parameters hystMinRelay and hystMaxRelay are used here to provide the hysteresis as explained in the Introduction: to avoid “bounce” effects of a quick succession of conditions met/not-met states. However, we note that these parameters are currently not dependent on the UE mobility state.
Observation 2: A U2N Relay uses configured RSRP thresholds to decide whether it may send relay discovery messages, where these thresholds do not take the mobility of the UE into account. 

2.3
Issues For Mobile U2N Relay UEs

Having the parameters hystMinRelay and hystMaxRelay not dependent of the U2N Relay UE mobility state may cause the following issues in the operation of the U2N Relay UE: 
1. A U2N Remote UE may discover a U2N Relay UE, which is in a high-mobility state, and select it as its relay, based on e.g. highest SL-RSRP or SD-RSRP measurements, as specified in the (re)selection procedure in clause 5.8.x15.3 of [4]. However, selecting this high-mobility Relay UE is often unwanted since on average it implies that the Remote UE will sooner lose the connection again to this Relay UE. Preferably, it should have selected a Relay UE with perhaps a slightly lower RSRP but in a lower-mobility state such that its indirect connection can (on average) persist over a longer time.
2. A U2N Relay UE in a high-mobility state experiences a higher level of variability of its radio link towards a gNB, than a similar UE in a low-mobility or stationary state. This higher variability of the link implies that the RSRP measurements of the PCell or the cell on which the UE camps will also be more variable over time. This may especially be the case more often if gNB utilizes the FR2 frequency range. The negative side-effect of this higher RSRP variability is that the probability of threshold crossing (either RSRP < threshLowRelay or RSRP > (threshLowRelay + hystMinRelay) for configured threshLowRelay, and/or RSRP > threshHighRelay or RSRP < (threshHighRelay + hystMaxRelay) for configured threshHighRelay) will increase. This may lead to an unwanted “bounce” effect wherein the U2N Relay UE is intermittently in the states advertised / non-advertised.

Observation 3: A U2N Relay UE uses configured RSRP thresholds configured by gNB to decide whether or not it may send relay discovery messages (i.e. its “advertisement state”), but these decisions do not take the mobility of the U2N Relay UE into account at all. 
Observation 4: The lack of consideration of the U2N Relay UE mobility in deciding the U2N Relay discovery advertisement state can cause reliability issues for relay (re)selection, if the Relay UE is moving. 
Proposal 1: The mobility of the U2N Relay UE should be taken into account in the RSRP thresholds that determine whether the U2N Relay UE can send relay discovery messages.

2.4
Proposed Solution

To address the aforementioned issues, it is proposed to adapt the hysteresis values hystMinRelay and hystMaxRelay, defined in clause 5.8.14.2 of [4], based on measured mobility state of the U2N Relay UE. It is proposed to re-use the legacy mobility states defined in NR in clause 5.2.4.3 of [3] as a baseline solution. 

The parameter hystMinRelay, currently configured by gNB as specified in [4], can then be calculated as a function of a configured baseline hystMinRelay and a U2N Relay UE-mobility state dependent scaling factor, which resembles the scaling factor q-HystSF defined in NR [4].

The same can be applied for parameter hystMaxRelay, i.e., a configured baseline hystMaxRelay parameter is adapted by a U2N Relay UE-mobility state dependent scaling factor, which also resembles the scaling factor q-HystSF defined in NR [4].

Proposal 2: The parameters hystMinRelay / hystMaxRelay, used in U2N Relay UE operation threshold conditions, can be adapted to consider the mobility state of the U2N Relay UE by using a scaling factor (similar to q-hystSF in NR).

2.5
Detailed Illustration of a Solution
This section illustrates with more detail how a solution could be defined for the U2N Relay UE threshold conditions. Similar alternative solutions could be defined as well.

The threshold conditions, listed in Section 5.8.14.2 of TS 38.331 [4]], can be adapted as follows to enable hysteresis adaptation (in red the parts that are proposed by this contribution):
	[…]

2>
if threshHighRelay is not configured; or the RSRP measurement of the PCell, or the cell on which the UE camps, is below threshHighRelay by (hystMaxRelay + sf-hystMaxRelay) if threshHighRelay is configured; with sf-hystMaxRelay defined in clause 5.8.x2.3; and

2>
if threshLowRelay is not configured; or the RSRP measurement of the PCell, or the cell on which the UE camps, is above threshLowRelay by (hystMinRelay + sf-hystMinRelay) if threshLowRelay is configured; with sf-hystMinRelay defined in clause 5.8.x2.3:

[…]


A new clause as below can be added to describe the UE-mobility state dependent scaling factors:

	5.8.14.3
NR sidelink U2N Relay UE threshold scaling factors

A UE capable of NR sidelink U2N Relay UE operation shall determine scaling factors as defined in this clause, in dependence of the UE mobility state as defined in 38.304 clause 5.2.4.3. These scaling factors are applicable in RRC_IDLE, RRC_INACTIVE, and RRC_CONNECTED state of the U2N Relay UE.

In Normal-mobility state:

· sf-hystMaxRelay = 0 dB

· sf-hystMinRelay = 0 dB

In Medium-mobility state:

· sf-hystMaxRelay = sf-hystMaxRelay-Medium  (if configured)

· sf-hystMinRelay = sf-hystMinRelay-Medium  (if configured)

In High-mobility state:

· sf-hystMaxRelay = sf-hystMaxRelay-High  (if configured)

· sf-hystMinRelay = sf-hystMinRelay-High  (if configured)




The parameters can be included in SL-RelayUE-Config in Section 6.3.5 of [5] as follows:
-- 
	-- ASN1START

-- TAG-SL-RELAYUE-CONFIG-START
SL-RelayUE-Config-r18::=            SEQUENCE {

    threshHighRelay-r18                FFS                  OPTIONAL,     -- Need R

    threshLowRelay-r18                 FFS                  OPTIONAL,     -- Need R

    hystMaxRelay-r18                   ENUMERATED {FFS}     OPTIONAL,     -- Cond ThreshHighRelay

    hystMinRelay-r18                   ENUMERATED {FFS}     OPTIONAL,     -- Cond ThreshLowRelay

    sf-hystMaxRelay-Medium-r18         ENUMERATED {FFS}     OPTIONAL,     -- Cond ThreshHighRelay

    sf-hystMaxRelay-High-r18           ENUMERATED {FFS}     OPTIONAL,     -- Cond ThreshHighRelay

    sf-hystMinRelay-Medium-r18         ENUMERATED {FFS}     OPTIONAL,     -- Cond ThreshLowRelay

    sf-hystMinRelay-High-r18           ENUMERATED {FFS}     OPTIONAL      -- Cond ThreshLowRelay

}

-- TAG-SL-RELAYUE-CONFIG-STOP

-- ASN1STOP


The potential values of the enumeration for the new parameters (sf-hystMaxRelay-Medium-r18, sf-hystMaxRelay-High-r18, sf-hystMinRelay-Medium-r18 and sf-hystMinRelay-High-r18) have been left FFS but they could all use the same enumeration elements defined in NR [4] for q-HystSF i.e. dB-6, dB-4, dB-2, dB0.

Proposal 3: It is proposed to modify TS 38.331 based on section 2.5 of this contribution.

3
Conclusion

This contribution highlights the issues that may occur when the U2N Relay UE operation threshold conditions, specified in clause 5.8.14.2 for TS 38.331 [4], do not take into account the mobility of the Relay UE. To address the issues, a solution is proposed to adapt the hysteresis values in these threshold conditions (hystMinRelay / hystMaxRelay) by a scaling factor according to the mobility state of the UE in case of Medium-mobility and High-mobility states. The specific scaling factor to apply is configured by gNB in SL-RelayUE-Config. Applying this mechanism will reduce end-to-end connection failures and may force the Remote UE to select a different, more stable, U2N Relay UE, and hence improve the service continuity of UE-to-Network relay operations.
A summary of the observations and proposal can be found below:

Observation 1: In NR, for a UE in RRC_IDLE or RRC_INACTIVE, cell reselection uses configured RSRP thresholds with configured hysteresis values, which are adapted according to the mobility of the UE, to improve the reselection process. 

Observation 2: A U2N Relay uses configured RSRP thresholds to decide whether it may send relay discovery messages, where these thresholds do not take the mobility of the UE into account. 

Observation 3: A U2N Relay UE uses configured RSRP thresholds configured by gNB to decide whether or not it may send relay discovery messages (i.e. its “advertisement state”), but these decisions do not take the mobility of the U2N Relay UE into account at all. 

Observation 4: The lack of consideration of the U2N Relay UE mobility in deciding the U2N Relay discovery advertisement state can cause reliability issues for relay (re)selection, if the Relay UE is moving. 

Proposal 1: The mobility of the U2N Relay UE should be taken into account in the RSRP thresholds that determine whether the U2N Relay UE can send relay discovery messages.

Proposal 2: The parameters hystMinRelay / hystMaxRelay, used in U2N Relay UE operation threshold conditions, can be adapted to consider the mobility state of the U2N Relay UE by using a scaling factor (similar to q-hystSF in NR).

Proposal 3: It is proposed to modify TS 38.331 based on section 2.5 of this contribution.
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