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1 Introduction

In RAN#91e, a WI for NR Sidelink Relay was approved. One of the objectives of the WI is on relay discovery  and (re)selection [1]:

	1. Specify mechanisms for U2N relay discovery and (re)selection for L3 and L2 relaying [RAN2, RAN4]

a. Re-use LTE relay discovery and (re)selection as baseline


In this contribution, we discuss the resource pool usage, resource allocation, and discovery configuration for relay discovery.

2 Discovery procedure 

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 [2]. 

· 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 [2].

· 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 [3].
· 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 [4].

Random resource selection and the use of TX probability were 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. The design of discovery should maintain these basic requirements from LTE since NR Sidelink Relay targets to use LTE relay discovery as the baseline.
Observation 1: NR relay discovery design should support the requirements of frequency diversity, collision avoidance, and resource efficiency inherent in LTE ProSe discovery.
In LTE, network scheduled and UE autonomous resource allocations are supported for discovery transmission. For UE autonomous, random selection was used to reduce collision. In NR V2X, both network scheduled (i.e., Mode 1) and UE autonomous (i.e., Mode 2) resource allocation are specified. Moreover, for Mode 2, sensing-based resource allocation can be used to reduce collision and random resource allocation is not specified in R16. Therefore, only Mode 1/Mode 2 (e.g., sensing-based) resource allocation defined in NR R16 should be resued for resource allocation for discovery.
Proposal 1: Mode 1/Mode 2 resource allocation defined in NR R16 are re-used for resource allocation of discovery transmission. 
In LTE, consecutive transmissions of a discovery message using a fixed frequency hopping is used in resource allocation procedure in the discovery resource pool. Incorporating frequency hopping in NR requires the involvement of RAN1, which is not desirable. However, diversity can still be achieved by having RAN2 define resource selection rules 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 2: Resource selection rules for the transmission resources are used to ensure frequency diversity by a mode 2 UE.
In LTE, a dedicated sidelink discovery channel PSDCH is designed for discovery transmission and a dedicated resource pool(s) is configured for the UE. However, in NR Sidelink Relay, PSCCH/PSSCH, which is used to transmit sidelink data, will also be used to transmit discovery. Therefore, a shared resource pool with sidelink data can be used to transmit discovery. 
In the following, we discuss the pros and cons of dedicated and shared resource pool from different aspects. 

· Cross WG impact: As discussed in the last email discussion [5], , dedicated resource pool for discovery may have RAN1 impact if new congestion control rules are defined by RAN2, which require the involvement of RAN1. No other working group impact is expected for shared resource pool solution since MAC layer solution can be used to differentiate discovery message. 

· Resource efficiency: It is clear that shared resource pool for discovery is more resource-efficient to dedicated resource pool. For dedicated resource pool, the network needs to configure at least one resource pool for discovery considering the smallest discovery period supported in the system. Moreover, in R16 NR, each PSCCH/PSSCH occupies at least one subchannel having a minimum size of 10 PRBs. This may result in resource inefficiency since the resources in the pool dedicated for discovery can not be reused for data transmission
· Power saving: According to some companies, dedicated resource pool could help to reduce the monitoring of discovery messages. However, we don’t see any clear benefit of dedicated resource pool from power savings, since a remote UE will only monitor for discovery messages when it is looking for a relay and once one is found, will have to monitor for data as well.
· Accuracy for relay selection: In the email discussion after RAN2#111e [6], some companies mention that dedicated resource pool can help to configure different power control configuration or scheme. However, such a configuration or scheme will result in inaccurate relay selection. Specifically, the measurement of the discovery in the dedicated resource pool may not reflect the actual channel condition in the data resource pool (e.g., due to congestion, interference from different transmissions, etc.). On the contrary, the discovery measurement in the shared resource pool reflects the sidelink condition of the data transmission in the resource pool since both discovery and data may experience the same congestion condition (e.g., the same power reduction due to congestion).

	
	Dedicated resource pool
	Shared resource pool

	Cross WG impact
	Yes ☹
	No 😊

	Resource efficiency
	No ☹
	Yes 😊

	Power saving
	No ☹
	No ☹

	Accuracy for relay selection
	No ☹
	Yes 😊


Table 1: Pros and cons of dedicated and shared resource pool for discovery
Table 1 illustrates the pros and cons of dedicated and shared resource pool for discovery. According to the table, we can see the distinct benefit of shared resource pool. 

Proposal 3: Support shared resource pool between discovery and sidelink data transmission.
Another open aspect from the SI is how to differentiate discovery messages at the RX UE. Preferably, RAN2 should design a solution without impacting RAN1. Therefore, the following two options can be considered:
· Option 1: 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 2: 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 to convey the actual L2 destination ID. A new MAC header can be designed to convey the full L2 destination ID.

Since Option 1 eliminates an L2 ID for the L2 ID space, we prefer Option 2.

Proposal 4:  Discovery message can be identified with a reserved L1 destination ID. 

Another aspect to be discussed is how to define the priority of the discovery LCH. The priority of the discovery message will define which discovery or data is included first into the grant (for LCP), and also for UL/SL prioritization. Fixed priority of the LCID for discovery is not desirable, since 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, it is desirable that the network can configure flexible priorities of the LCID for discovery.

Proposal 5: The priority(ies) of  LCID is configurarable by the network. 

Another issue to be discussed is whether out of coverage UE can use NW configuration for discovery in case where the UE is connected via 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 service continuity for the remote UE, and also avoid unnecessary SL transmissions.

Proposal 6: 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 via a relay UE.

In LTE, 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. Although this deviates from LTE, relay load can be used to determine the transmission of discovery messages. A relay UE with low relaying load can transmit discovery messages to serve more remote UEs. However, a high loaded relay UE may not be able to serve more UE. Hence, such relay should not transmit discovery messages to reduce discovery transmission overhead and collision with both data and other discovery.

Proposal 7: For L2 relay UE, relay load is used as a criteria for whether to transmit discovery messages.

3 Conclusion

In this contribution, the following observation were made on discovery procedure for SL relays: 

Observation 1: NR relay discovery design should support the requirements of frequency diversity, collision avoidance, and resource efficiency inherent in LTE ProSe discovery.
Based on these observations, the following conclusions were made:
Proposal 1: Mode 1/Mode 2 resource allocation defined in NR R16 are re-used for resource allocation of discovery transmission. 
Proposal 2: Resource selection rules for the transmission resources are used to ensure frequency diversity by a mode 2 UE.
Proposal 3: Support shared resource pool between discovery and sidelink data transmission.
Proposal 4:  Discovery message can be identified with a reserved L1 destination ID. 

Proposal 5: The priority(ies) of  LCID is configurarable by the network. 

Proposal 6: 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 7: For L2 relay UE, relay load is used as a criteria for whether to transmit discovery messages.
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