3GPP RAN WG2 Meeting #114 electronic
R2-2104869
Online, May, 2021
Agenda Item:
8.7.2
Source:
InterDigital Inc.
Title:
Discovery procedure for Sidelink relay
Document for:
Discussion, Decision

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 the last meeting, several agreements were made on discovery procedure for sidelink relay [2]. In this contribution, we discuss the remaining aspects for relay discovery including resource allocation,  differentiation of discovery message, criteria for discovery transmission, power control, and congestion control.

2 Discovery procedure 

Resource allocation:
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 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.  For discovery transmission, either mode 1 or mode 2 can be used to transmit discovery.
Observation 2: A UE may transmit discovery while configured with either mode 1 or mode 2. 
In LTE, consecutive transmissions of a discovery message using a fixed frequency hopping is used in resource allocation procedure in the discovery resource pool. Frequency hopping was introduced for frequency diversity of discovery transmissions to ensure robust resource selection. In R16 NR V2X, random resource selection within the set of available resources (determined by sensing) can be used for discovery. However, it may not always guarantee the frequency diversity for discovery transmission. 
Observation 3: Random selection among the set of available resources from sensing may not always guarantee frequency diversity.

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 1: Restrictions on resource selection by the UE are introduced to ensure frequency diversity by a mode 2 UE.
A MAC PDU for sidelink transmission is generated prior to transmission on a sidelink grant, which includes both initial transmission and retransmission resources. Therefore, to gurantee the frequency diversity for discovery transmission, the discovery LCH can be selected to generate discovery MAC PDU only if the frequency diversity of the sidelink grant is satisfied (e.g., the certain frequency spacing for each (re)transmission of the resources in the sidelink grant is guranteed).  This is applicable for both mode 1 and mode 2.
Proposal 2: Data from the discovery LCH is mapped to a grant which satisfies the frequency diversity requirement for discovery.

Differentiation of discovery message at PHY layer:
Regarding discovery reception, MAC layer can differentiate discovery message since a dedicated LCID can be configured for discovery. However, if PHY is aware of discovery messages, it could perform RSRP measurement and processing only on received SCI which are associated to discovery transmissions. Otherwise, if PHY is not aware of discovery message, the UE has to perform the processing for every receive SCI and wait for MAC to confirm if this is discovery.
Observation 4:  There would be benefits in UE implementation and power savings if PHY layer is aware of which message is a discovery message
To allow PHY layer differentiation of discovery, RAN2 should preferably design a solution without impacting RAN1. Therefore, the following two options can be considered:
· Option 1: Dedicated 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.

Option 1 eliminates an L2 ID from the L2 ID space and cannot be used for transmission of group discovery if discovery messages can be transmitted with different L2 IDs.  On the other hand, in option 2, the L2 ID can still be carried in the MAC header.  We therefore prefer Option 2.
Proposal 3:  Discovery message can be identified with a reserved L1 destination ID. No RAN1 or SA2 impacts are foreseen.
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. RLF, the UE is looking for a relay, the current relay is experiencing bad sidelink characteristics, etc), 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 4: The priority(ies) of  LCID is/are configurarable by the network. 
Proposal 5: The NW can configure different priority for discovery to be used for different scenarios (e.g. RLF, UE has relay or not, etc) 

Another issue to be discussed is whether out of coverage UE can use NW configuration for discovery in case the UE is connected via the relay. In our view, when a L2 remote UE is connected to the network, the network can configure discovery transmission for the remote UE. In this way, the network can control relay (re)selection to ensure service continuity for the remote UE, and also avoid unnecessary SL transmissions.

Proposal 6: For L2 remote UE out of coverage, the remote UE follows the discovery configuration from network (e.g. dedicated configuration) if the remote UE is RRC_CONNECTED via a relay UE.

Criteria for discovery transmission:

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.

For remote UE, it was agreed that Uu RSRP is used as a criteria whether to transmit discovery messages. Specifically, if Uu RSRP is smaller than a threshold, the remote UE can trigger discovery transmissions. However, remote UE should transmit discovery only if it wants to find another relay. When the UE already has a good relay (e.g., SL RSRP is greater than a threshold), discovery should not be triggered, and when the relay is bad (e.g., SL RSRP is smaller than a threshold), discovery should be triggered for the remote UE to look for another relay. 
Proposal 8: For remote UE, SL RSRP is used as a criteria for whether to transmit discovery messages.

Power control and congestion control:
In R16, sidelink transmission power is determined based on downlink pathloss.  This is done to avoid interference to the gNB. For discovery transmission, Uu should still be protected. Therefore,  the transmission of discovery should be handled the same as sidelink data transmission. On the other hand, in R16, the sidelink transmission power is also limited by CBR. This is to control congention on sidelink.  While it may be possible to apply similar congestion control to discovery, it could result in failure to (re)select a relay without significant reduction of the actual congestion (given the limited size and frequency of discovery transmissions).  Therefore, congestion control should be handled differently between discovery and normal sidelink data. One possible approach is to configure a dedicated congestion control for discovery.

Proposal 9:  Transmission power of discovery message is handled similar to R16 SL data transmission. 
Proposal 10:  Dedicated congestion control parameters are configured for discovery.

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.

Observation 2: A UE may transmit discovery while configured with either mode 1 or mode 2. 
Observation 3: Random selection among the set of available resources from sensing may not always guarantee frequency diversity.

Observation 4:  There would be benefits in UE implementation and power savings if PHY layer is aware of which message is a discovery message.
Based on these observations, the following conclusions were made:
Proposal 1: Restrictions on resource selection by the UE are introduced to ensure frequency diversity by a mode 2 UE.
Proposal 2: Data from the discovery LCH is mapped to a grant which satisfies the frequency diversity requirement for discovery.

Proposal 3:  Discovery message can be identified with a reserved L1 destination ID. No RAN1 or SA2 impacts are foreseen.
Proposal 4: The priority(ies) of  LCID is/are configurarable by the network. 
Proposal 5: The NW can configure different priority for discovery to be used for different scenarios (e.g. RLF, UE has relay or not, etc) 

Proposal 6: For L2 remote UE out of coverage, the remote UE follows the discovery configuration from network (e.g. dedicated configuration) if the remote UE is RRC_CONNECTED via a relay UE.

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

Proposal 8: For remote UE, SL RSRP is used as a criteria for whether to transmit discovery messages.

Proposal 9:  Transmission power of discovery message is handled similar to R16 SL data transmission. 
Proposal 10:  Dedicated congestion control parameters are configured for discovery.
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