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1 Introduction

In RAN2 #111e and #112e [1]

 REF _Ref61516328 \r \h 
[2], several agreements were made on discovery procedure for sidelink relay. In this contribution, we discuss the remaining aspects to support upper layer operations of discovery procedure for NR sidelink relay.
2 Discovery procedure 

In RAN2#111e meeting, it was agreed that the out of coverage UE can always use (pre-)configuration to transmit discovery message for the initial access case. One remaining issue is whether this is based on NW configuration for the case where the UE is connected through the relay.  In our view, when the remote UE is connected to the network, the network can configure discovery transmission for the remote UE. Specifically, by network configuration, the remote UE can proactively transmit a discovery message to find another relay if the current relay is not reliable. In this way, the network can control relay reselection to ensure the relay service continuity for the remote UE, and also avoid unnecessary SL transmissions.

Proposal 1: For remote UE out of coverage, transmission of discovery message is based on configuration from network if the remote UE is already connected with network through a relay UE.
In R13 D2D, only RSRP is considered for discovery transmission since L3 relay is not aware of its relay load. In contrast, L2 relay is aware of its relay load. A low relay load UE can transmit discovery messages to serve more remote UEs. However, the high relay load UE may not be able to serve more UE. Hence, such high relay load UEs should not transmit discovery messages to reduce discovery transmission overhead.

Proposal 2: For L2 relay UE, relay load is used as a criteria for whether to transmit discovery messages.
In LTE ProSe discovery, the following features are supported for resource allocation of the discovery message:
· Random resource selection: Before, each discovery period, the UE randomly selects a set of contiguous slots for initial transmission and retransmission of the discovery message [3]. 
· Frequency hopping: Inter-subframe frequency hopping is supported to increase the frequency diversity of the discovery message. Specifically, in each discovery resource pool, the UE can be configured a fixed frequency hopping pattern for consecutive transmissions of a discovery message. A fixed frequency gap between two consecutive transmissions of the discovery message is guaranteed by the configured frequency hopping pattern of the resource pool [3].
· Tx Probability: Tx probability was introduced to reduce transmission collision among discovery transmissions from different UEs. Specifically, a Tx probability threshold is configured per discovery resource pool. Before each discovery period, the UE randomly selects a value in the range from 0 to 0.75. The UE may select the resource for discovery transmission if the selected value is smaller than the configured threshold. Otherwise, the discovery message is dropped [4].
· Discovery period: In LTE ProSe, one discovery period ranging from 40ms to 10240ms is configured in a discovery resource pool. The resource selection is performed per discovery period [5].

Random resource selection and the use of TX probability was introduced to avoid resource collision among discovery transmissions of different UEs. Frequency hopping was introduced for frequency diversity of discovery transmissions to ensure robust resource selection. Finally, a discovery period was introduced to allow network control of the discovery traffic to ensure efficient sidelink resource usage. 
Since both separate and shared resource pools need to be discussed during the SI phase, the design of discovery should maintain these basic requirements from LTE.  
Proposal 3: NR relay discovery design should support the requirements of frequency diversity, collision avoidance, and resource efficiency inherent in LTE ProSe discovery
2.1 Shared Resource Pool

One aspect still to be finalized for the shared resource pool is how to identify discovery messages at the RX UE. When a single pool is used for both discovery and data, a mechanism in the PHY layer is needed to differentiate discovery message from data (for performing RSRP measurements on discovery). The following three options can be considered:
· Option 1: Phy layer indication. For example, the UE could use one of the reserved bits in the SCI to indicate the presence of the discovery message.  

· Option 2: Dedicated L1/L2 destination ID for discovery message. Specifically, SA2 would need to set aside a dedicated L2 destination ID for discovery message. This solution is feasible as long as SA2 does not plan to transmit discovery message with different existing L2 IDs (e.g. the L2 ID associated with the service).
· Option 3: A new L1 destination ID for discovery message. Specifically, AS may reserve a new L1 ID for the indication of a discovery message. In this case, the UE needs an alternative way convey the actual L2 destination ID. A new MAC header can be designed to convey the full L2 destination ID.
Option 1 has impacts to RAN1, while option 2 has impacts to SA2.  On the other hand, option 3 impacts are limited to RAN2.  Since option 2 elliminates an L2 ID for the L2 ID space, we prefer either option 1 or option 3. 
Proposal 4:
For shared resource pool, discovery message can be identified with either an explicit indication in SCI, or by introducing a reserved L1 destination ID.

Another outstanding issue is how to define the priority of the discovery LCH. In the shared resource pool scenario, the priority of the discovery message will define which of discovery or data is included first into the grant (for LCP), and also for UL/SL prioritization. For LCP procedure, in some cases (e.g. the UE is looking for a relay, the current relay is experiencing bad sidelink characteristics), discovery should have higher priority than SL data (to avoid starvation of discovery). In other cases (e.g. current relay conditions are acceptable), discovery transmissions can be down prioritized with respect to other sidelink data. Therefore, the WI should study how the priority is set by the UE depending on the current UE scenario. A similar argument can be made for UL/SL prioritization.
Proposal 5: Non-fixed priority for the discovery LCID is supported for the shared pool scenario.  Details can be discussed in the WI phase.
In mode 1, the NW can ensure collision avoidance and frequency diversity for discovery.  It simply needs to be informed of the presence of discovery using SR/BSR. For mode 2, collision avoidance in the shared resource pool can be ensured using sensing-based resource selection from Rel16 NR V2X. For this reason, mechanisms similar to those used in LTE discovery (i.e. TX probability-based transmission, random selection) need to be designed for mode 2. 
Observation 1: For the shared pool scenario, Rel16-based sensing can be reused to avoid resource collision for the transmission of discovery in mode 2. 
If sensing is used, resource selection (for mode 2) for discovery can be similar to data. Whether periodic or one-shot resource selection may be used for discovery transmission will depend on further details from SA2. Furthermore, a value of T2 can be derived from the priority of the discovery transmission.
Proposal 6: For the shared pool scenario, NR V2X resource selection is re-used for transmission of discovery message by a mode 2 UE
In LTE, consecutive transmissions of a discovery message using a fixed frequency hopping is used in resource selection procedure in the discovery resource pool.  Incorporating a fixed frequency hopping pattern in a shared resource pool may cause complications given the presence of data transmissions from other UEs.  However, diversity can still be achieved by including certain rules into how the UE selects resources for retransmission of a discovery message. For example, the UE may be required to select different subchannels, with a certain frequency spacing, for each (re)transmission of a discovery message.  
Proposal 7: For the shared pool scenario, resource selection rules for the retransmission resource are used to ensure frequency diversity by a mode 2 UE. Details can be discussed in the WI phase. 
CBR rules on the shared resource pool will result in reduction of the transmission power for discovery messages, which may affect relay selection. Although this was identified as a possibly complication with the shared pool scenario, applying the same CBR rules on the shared resource pool would actually be desirable for relay selection.  Specifically, high CBR will equally reduce the transmission power of discovery and data. Hence, the UE should not select that relay in the first place because it is limited by CBR. 
Proposal 8: For the shared pool scenario, the UE applies the same principle related to CBR for transmission of both discovery and data.
2.2 Dedicated Resource Pool

In the dedicated resource pool scenario, LCP procedure needs to deal with transmissions of discovery only.  It was agreed in RAN2#112e to treat discovery message equally in the LCP procedure on the dedicated discovery pool. However, defining a priority associated with a discovery transmission is still required for UL/SL prioritization. Similar to the arguments made for shared pool in LCP, a non-static priority may be preferred to prioritize discovery over UL data or vice versa in certain scenarios.
Proposal 9: Non-fixed priority for the discovery LCID is supported for the dedicated resource pool scenario. Details can be discussed in the WI phase.
To ensure collision avoidance, the same mechanisms as in LTE Prose (random selection, TX transmission probabililty, and frequency hopping) can be introduced for UE-autonomous resource selection in the discovery pool. If a dedicated resource pool is used for discovery, these features can be supported in NR similar to LTE. 

Proposal 10: For the dedicated resource pool scenario, introduce a new resource selection mechanism for mode 2 UE in the dedicated discovery resource pool which supports 1) random resource selection, 2) TX-probability-based transmission 3) frequency hopping for discovery retransmission.
Dedicated resource pool has inherent resource inefficiency compared to the shared pool since once the resource is configured for discovery transmission, it will be wasted if no UE performs discovery transmission. Such a scenario may happen very frequently in the absence of relay/remote UEs in an area. On the contrary,  the resources in the shared pool can be used flexibly for either discovery or data transmission.
Observation 2: Dedicated resource pool scenario is inherently less resource efficient than shared resource pool scenario.
In LTE, discovery resources in the discovery pool were reserved in a time/frequency manner.  This avoids that the entire slot is configured for discovery only, which would make having a separate resource pool even more inefficient.  The same assumption should be made by RAN2 for the dedicated discovery resource pool.
Proposal 11: For the dedicated resource pool scenario, RAN2 assumes that discovery and data resources can occur in the same slot (on different resource pools)
The selection of resources by the UE for data may make certain resources for discovery unavailable since only one TB can be transmitted in one slot. This may be a significant problem in NR due to the larger data rates compared to LTE. To avoid significant latency in discovery transmission (e.g. due to the UE already having selected or reserved resources that collide with discovery), the NW needs to over allocate discovery resources, or the UE should avoid that the collision happens too often. Since the discovery resources are dedicated, over allocating them is not desirable. Alternatively, the UE could exclude slots associated with discovery in the UEs data transmission in either SL or UL, when the UE has (or is expecting) discovery transmissions.  Or the priority of the discovery transmission can be used to decide which transmission (data or discovery) is performed in a specific slot. 

Observation 3: For a sparsely defined discovery resource pool, discovery transmission in NR can be significantly delayed due to collisions of discovery resource with 1) prioritized SL resource transmission in the same slot; 2) reserved SL data transmissions at the UE in the same slot
Proposal 12: In the dedicated pool scenario, RAN2 studies mechanisms to avoid latency incurred on discovery transmission caused by slot-level collision between discovery and data transmissions.
3 Conclusion

In this contribution, the following observation were made on discovery procedure for SL relays: 
Observation 1: For the shared pool scenario, Rel16-based sensing can be reused to avoid resource collision for the transmission of discovery in mode 2. 
Observation 2: Dedicated resource pool scenario is inherently less resource efficient than shared resource pool scenario.
Observation 3: For a sparsely defined discovery resource pool, discovery transmission in NR can be significantly delayed due to collisions of discovery resource with 1) prioritized SL resource transmission in the same slot; 2) reserved SL data transmissions at the UE in the same slot
Based on these observations, the following conclusions were made:
Proposal 1: For remote UE out of coverage, transmission of discovery message is based on configuration from network if the remote UE is already connected with network through a relay UE.
Proposal 2: For L2 relay UE, relay load is used as a criteria for whether to transmit discovery messages.
Proposal 3: NR relay discovery design should support the requirements of frequency diversity, collision avoidance, and resource efficiency inherent in LTE ProSe discovery
Proposal 4:
For shared resource pool, discovery message can be identified with either an explicit indication in SCI, or by introducing a reserved L1 destination ID.

Proposal 5: Non-fixed priority for the discovery LCID is supported for the shared pool scenario.  Details can be discussed in the WI phase.
Proposal 6: For the shared pool scenario, NR V2X resource selection is re-used for transmission of discovery message by a mode 2 UE
Proposal 7: For the shared pool scenario, resource selection rules for the retransmission resource are used to ensure frequency diversity by a mode 2 UE. Details can be discussed in the WI phase. 
Proposal 8: For the shared pool scenario, the UE applies the same principle related to CBR for transmission of both discovery and data.
Proposal 9: Non-fixed priority for the discovery LCID is supported for the dedicated resource pool scenario. Details can be discussed in the WI phase.
Proposal 10: For the dedicated resource pool scenario, introduce a new resource selection mechanism for mode 2 UE in the dedicated discovery resource pool which supports 1) random resource selection, 2) TX-probability-based transmission 3) frequency hopping for discovery retransmission.
Proposal 11: For the dedicated resource pool scenario, RAN2 assumes that discovery and data resources can occur in the same slot (on different resource pools)
Proposal 12: In the dedicated pool scenario, RAN2 studies mechanisms to avoid latency incurred on discovery transmission caused by slot-level collision between discovery and data transmissions.
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5 Appendix - Discovery agreements

RAN2#112e

	Agreements:

Proposal1: To send a LS to SA2 to consult whether discovery message could be taken as PC5-S signalling or other new signalling in upper layer.  

Proposal2: Solution to differentiate discovery message in AS layer is also applicable for U2U relay

Proposal3: Both solutions of separate and shared resource pool (compared to data transmission resource pool) are captured in TR. They can be discussed in WI phase.

Proposal4: Discovery messages should be treated equally in terms of channel prioritization in LCP within the separate resource pool.

Proposal 5: For shared resource pool, to introduce a new LCID for discovery message i.e. it is taken as a new SL SRB

Proposal 9: L3 U2N relay UE is allowed to transmit discovery message based on at least pre-configuration when it is connected to a non_SL Relay_Capable gNB whose serving carrier is not shared with SL carrier. Detailed definition of non_SL Relay_Capable gNB can be left for WI phase but at least should include the case that the gNB does not provide SL relay configuration, e.g. no discovery configuration.

Proposal 10: L2 U2N relay UE should be always connected to a SL Relay Capable gNB for relay operation including transmission of discovery message

Proposal11: Remote UE supporting L2 relay is allowed to transmit discovery message (at least by preconfiguration) when it is directly connected to a non_SL Relay_Capable gNB whose serving carrier is not shared with SL carrier.

Proposal 12: Remote UE supporting L3 relay is allowed to transmit discovery message on its own based on at least pre-configuration when it is connected to a non-SL Relay_Capable gNB whose serving carrier is not shared with SL carrier. Detailed definition of non_SL Relay_Capable gNB can be left for WI phase.

Proposal 14: for L3 solution, it is not feasible for serving gNB to configure an out of coverage remote UE with radio configuration for transmission of discovery message

Proposal15: No additional network configuration is needed for measurement by remote UE in RRC_IDLE or RRC_INACTIVE.

Proposal16: For U2U relay operation, relay UE or remote UE is allowed to transmit discovery message when it is triggered by upper layer.

Proposal 17: Both remote UE and relay UE in U2U relay can rely on pre-configuration unless relevant radio configuration is provided by network, either via system information or dedicated signalling.


RAN2#111e

	Agreements:

[Easy] Proposal1: Model A/ B discovery model similar to LTE is reused for U2N relay

[Easy]Proposal2: Model A/ B discovery model similar to LTE is reused for U2U relay also

[Easy]Proposal3: Send a LS to inform SA2 of RAN2’s assumption on discovery models for both U2N relay and U2U relay. 

[Easy]Proposal4: RAN2 take agreed discovery model for U2N relay and U2U relay as working assumption while waiting for SA2’s response

[Easy]Proposal5: Discovery message is carried over SL SRB with control plane protocol stack  similar or identical to PC5-S (PC5-S/PDCP/RLC/MAC/PHY). FFS whether new SL SRB is introduced for discovery message. 

[Easy]Proposal6: Solution is needed to differentiate discovery message in AS layer from existing SL signalling or traffic

[Easy]Proposal10: For U2N relay, relay UE is allowed to transmit/receive discovery message when it is in coverage and relevant control parameters including e.g. Uu signal quality thresholds and communication configuration are provided by network

[Easy]Proposal11: For U2N relay, LTE principle i.e. one lower threshold and one upper threshold can be reused for relay UE in IDLE/INACTIVE state to decide whether it is allowed to transmit/receive discovery message

[Easy]Proposal12: For U2N relay, relay UE in CONNECTED state is allowed to transmit/receive discovery message if sidelink communication configuration is provided from network.  FFS for the case that the serving gNB is not SL-capable (if applicable).

[Easy]Proposal14: for U2N relay, remote UE in IDLE/INACTIVE state is allowed to transmit/receive discovery message when signal strength of Uu interface is lower than one configured threshold by network.  FFS the details of the idle measurements and possible additional network configuration.

[Easy]Proposal15: for U2N relay, whether remote UE in CONNECTED state is allowed to transmit/receive discovery is based on configuration provided by serving gNB and detail is FFS. FFS for the case that the serving gNB is not SL-capable (if applicable).

[Easy]Proposal16: for U2N relay, remote UE out of coverage is always allowed to transmit/receive discovery message based on pre-configuration in the initial access case (i.e. not already connected through relay). FFS whether based on configuration from network in case the remote UE is already connected through a relay.

[Easy]Proposal17: RAN2 concludes that authorization of both relay UE and remote UE has no RAN2 impact

[Easy]Proposal18: RAN2 concludes that limited impact on RAN3 for UE-to-Network relay can be left for normative work item phase

· The foregoing proposals are agreed

· LS to SA2 (P3 above) to be treated in a short post-meeting discussion.


