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1 Introduction

Discovery procedure were discussed in RAN2#111e [1] and subsequent email discussions [2]. In this contribution, we discuss the aspects to support upper layer operations of discovery procedure for NR sidelink relay.
2 Discovery procedure 

Due to differences in views on whether to support a separate resource pool for discovery or have a shared resource pool for discovery and data, the suggested output of the email discussion is to support both separate and shared pool during the SI. 
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. 
If 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 1:
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). Two solutions were proposed in the email discussion:

· 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.  

· 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).
Both solutions have impacts to another group’s work. From RAN2 perspective, an explicit indication allows discovery and data to be transmitted/multiplexed together. This solution can ensure more efficient transmission of discovery messages when using a shared resource pool (as required in the first proposal). 

Observation 1:
Distinguishing discovery with PHY layer indication has RAN1 implications while using a dedicated L2 ID has SA2 implications.
Observation 2:
PHY layer indication mechanism can result in more efficient discovery transmission by allowing the multiplexing of discovery and data into the same SL grant 
Proposal 2:
Introduce an explicit indication in the SCI to signal the transmission of a discovery message for the shared resource pool scenario.
Proposal 3:
Send LS to RAN1 to inform them of RAN2’s decision/preference.
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 4:
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 3:
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 5:
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 6:
For the shared pool scenario, resource selection for the retransmission resource is 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 7:
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.  The email discussion summary proposes 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 8:
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 9:
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 4:
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 10:
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 5:
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 11:
In the dedicated pool scenario, RAN2 studies mechanisms to avoid latency to discovery transmission cause 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:
Distinguishing discovery with PHY layer indication has RAN1 implications while using a dedicated L2 ID has SA2 implications.
Observation 2:
PHY layer indication mechanism can result in more efficient discovery transmission by allowing the multiplexing of discovery and data into the same SL grant 
Observation 3:
For the shared pool scenario, Rel16-based sensing can be reused to avoid resource collision for the transmission of discovery in mode 2. 
Observation 4:
Dedicated resource pool scenario is inherently less resource efficient than shared resource pool scenario.
Observation 5:
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:
NR relay discovery design should support the requirements of frequency diversity, collision avoidance, and resource efficiency inherent in LTE ProSe discovery
Proposal 2:
Introduce an explicit indication in the SCI to signal the transmission of a discovery message for the shared resource pool scenario.
Proposal 3:
Send LS to RAN1 to inform them of RAN2’s decision/preference.
Proposal 4:
Non-fixed priority for the discovery LCID is supported for the shared pool scenario.  Details can be discussed in the WI phase.
Proposal 5:
For the shared pool scenario, NR V2X resource selection is re-used for transmission of discovery message by a mode 2 UE
Proposal 6:
For the shared pool scenario, resource selection for the retransmission resource is used to ensure frequency diversity by a mode 2 UE. Details can be discussed in the WI phase. 
Proposal 7:
For the shared pool scenario, the UE applies the same principle related to CBR for transmission of both discovery and data.
Proposal 8:
Non-fixed priority for the discovery LCID is supported for the dedicated resource pool scenario. Details can be discussed in the WI phase.
Proposal 9:
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 10:
For the dedicated resource pool scenario, RAN2 assumes that discovery and data resources can occur in the same slot (on different resource pools)
Proposal 11:
In the dedicated pool scenario, RAN2 studies mechanisms to avoid latency to discovery transmission cause by slot-level collision between discovery and data transmissions.
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