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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]Unicast and groupcast sidelink communications are being standardized for NR V2X [1]. Unicast and groupcast transmissions are different in nature from broadcast since they require the transmitting and receiving UEs to be aware of each other’s presence. This requires UEs to discover each other before establishing a sidelink communication.
It was agreed in the last meeting to conclude on the need of physical channel for discovery in RAN1#96. In this contribution, we describe how sidelink discovery can be performed in the physical layer.
Sidelink discovery in LTE
A sidelink discovery procedure was standardized for LTE D2D [2]. Sidelink discovery signals in D2D are short messages of fixed size that are broadcast by UEs on the physical sidelink discovery channel (PSDCH). Transmission and reception resource pools can be (pre)configured for each UE. A UE interested to establish a sidelink can use transmission resource pools or allocated resources to transmit discovery messages, as illustrated in Figure 1, and/or search for discovery message from nearby UEs in reception resource pools.
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Figure 1 [bookmark: _Ref528074083]. Discovery channel and resource pools (in yellow) and discovery message (in colors representing UEs) in LTE

Each transmission resource pool for sidelink discovery in LTE consists of a resource pool in the time domain, which is a subframe pool, and a resource pool in the frequency domain, which is an RB pool. These together provide the information of the resources available to a UE for performing discovery.
Some elements in the design of sidelink discovery in LTE can be reused and taken as a starting point for sidelink discovery in NR. However, it is also possible to design a discovery procedure without a discovery channel. In the next section, we investigate the pros and cons of using a discovery channel.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Sidelink discovery in NR
Discovery options
In order to deliver data from one UE to another, the following options are available (in the order of specification effort needed):
· Option 1: No discovery is performed. The UE transmits data, and other UEs in the vicinity can receive and decode the messages and then decide whether they use the content.

· Option 2: The UE listens to basic safety messages (BSMs) broadcast by other UEs in order to discover what other UEs are in the vicinity.

· Option 3: The UE transmits or listens to designated discovery messages on an “existing” channel such as the PSSCH/PSCCH. 

· Option 4: The UE transmits or listens to designated discovery messages on a PSDCH. 
With option 1, establishing and maintaining a unicast or groupcast connection at the upper layers will be slow, if feasible, and not suitable for the fast dynamic environment in V2X.
With regard to option 2, BSMs contain proximity information and, thus, are useful to identify neighbors. However, they give no indication about the services the UE is interested in. Thus, in order to enable option 2, after receiving the BSM from a potential destination, the UE has to determine if this potential destination is actually interested in a particular service. This can be mainly done by higher layers, but requires the UE to send a connection request on the sidelink for mode-2 communication, or a message to the gNB for mode-1 communication. This creates unnecessary traffic and additional large overhead – it is likely that only a fraction of UEs will be interested in a particular service. Therefore, this option is not scalable, especially when diverse services are available from/to an increasing number of UEs.
Observation 1: Sidelink discovery through basic safety messages (BSMs) is not scalable and introduces complexity and overhead.
One potential solution would be to indicate which service(s) the UE is interested in within the BSM. However, this solution would require specification work on BSMs, which are potentially sent on the LTE link and not within 3GPP specifications, which in turn can complicate the design and affect backward compatibility. Thus, using BSMs does not appear promising for discovery purposes.
Observation 2: Using BSMs to indicate the services a UE is interested in requires specification work outside 3GPP.
With regard to option 3, there were proposals in the last meetings to reuse PSCCH or PSSCH for transmission of discovery messages. There was also a proposal to reuse SL SSB and RACH procedures for discovery. However, there are drawbacks for overloading such channels instead of using a designated PSDCH. One drawback of using PSSCH is the additional control signaling overhead that it imposes, because discovery messages are possibly small and a proper resource allocation for them is to compact them with a finer granularity in the resource grid. Coexistence between the discovery messages and data complicates the design of PSSCH, which is expected to occur much more frequently for data than for discovery. This design complication is then carried in every instance of the PSSCH.
Another drawback of overloading other channels is the potential UE behavior complexities, e.g., when a UE may be interested in sidelink discovery for certain services, but may be uninterested to monitor the other channels at a given moment. Such complexities could simply be handled by separating discovery and data resources and introducing simple multiplexing rules as described later.
Observation 3: Overloading other channels for discovery purposes results in additional complexity for the design of those channels such as scheduling, multiplexing, and UE behavior complexities.
Option 4 avoids the above disadvantages and allows flexible designs for discovery in terms of message size and resource allocation, discovery period, etc. The discovery message can include information essential for discovery such as a UE identity (physical layer ID) and a service indicator. While more information could be added (such as UE capability, etc.), a compact message is sufficient to enable discovery for unicast/groupcast sidelink establishment.
Using a PSDCH is especially beneficial from the overhead point of view if the channel is designed in a way that accommodates the need for packing a large number of relatively small discovery messages, possibly without unnecessary overhead such as MAC headers, with finer granularity in the resource grid compared to that of PSSCH. Moreover, a designated PSDCH allows the UE to perform sidelink discovery by monitoring a certain broadcast region determined by a single (pre)configuration without having to monitor control channels and following other scheduling signaling.
Therefore, we propose that the discovery process use a dedicated PSDCH. Scheduling and multiplexing complexities can then be addressed by introducing simple rules such as TDM-only multiplexing between PSCCH and PSDCH.
A possible issue raised in the previous meetings is that the size of the discovery message may be variable and service-dependent [3]. However, we do not think that this is an issue because discovery messages will need to merely convey essential information to discover a UE/service and allowing to establish a connection, such as UE ID, service type, connection type, and so on. Managing small variations in the message size, if necessary, can be accommodated with padding.
It was pointed out in [4] that the RAN2 LS R2-1815692 has left the discovery messages and procedures to the upper layers. However, that does not touch physical layer transmission of the discovery messages, such as carrying them on a PSDCH. Note that use of PSDCH does not interfere with aspects such as the discovery model, etc. determined by the upper layers.
The following table summarizes pros and cons for the different options.
	Option
	Advantages
	Disadvantages

	Option 1: No discovery
	No standardization effort
	Slow sidelink establishment and maintenance (if feasible at all)

	Option 2: Discovery by BSMs
	Small standardization effort
	Overloads the role of BSMs; imposes unnecessary traffic overhead

	Option 3: Discovery on PSCCH / PSSCH / PSBCH
	Sharing resources between discovery and other data/signals can potentially save shared resource overhead
	Complicates the design of those channels; increases design effort and scheduling overhead

	Option 4: Discovery on PSDCH
	Allows designing a channel and resource allocation to fulfill discovery needs; simplifies the design of other channels; multiplexing complexities can be resolved by simple rules
	Additional standardization effort for designing a separate channel



In order to implement discovery through a dedicated channel, upper layers generate discovery messages and deliver them to a logical sidelink discovery channel (SL-DCH). The content of the discovery messages will be, at least to a large extent, transparent to the lower layers. Some specification support by the lower layers such as beamforming at FR2 is however beneficial. Overall, introducing PSDCH allows to simplify lower layer designs while still keeping the discovery content transparent to the lower layers.
Observation 4: Use of a physical sidelink discovery channel is beneficial and feasible.
Therefore, we propose the following.
Proposal 1: Support a physical sidelink discovery channel (PSDCH) for NR V2X.
Next, we propose details for implementation of PSDCH.
Discovery resource pools
General design principles for NR discovery can reuse those of LTE. In particular, resource pools for discovery can be (pre)configured on time and frequency resources such as slot pools, resource block pools, sidelink discovery period, and so on. Furthermore, resource pools can be split based on attributes such as the type of service or connection they offer. For example, resource pools for a platooning application may optionally be different from resource pools for a sensor fusion application. This may reduce not only unnecessary discovery and handshaking traffic between UEs that do not have common interests, but can also affect the handshaking process and the type of sidelink connection that follows. For example, one type of service may require a certain connection in terms of the number of UEs, amount of allocated resource, quality of service requirements, etc., which can be different from other types of service. This is illustrated in Figure 2.
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Figure 2 [bookmark: _Ref527982884].  Discovery channel and resource pools and discovery message (in colors representing UEs and/or services) proposed for NR.

The discovery channel and resource pools can be given by a (pre-)configuration, which can determine the resources allocated to discovery resource pools, attributes such as locations, service type and/or connection type for a resource pool, as well as parameters for the UE receiving the discovery message on how to perform handshaking and initiate sidelink establishment. The latter can include information such as the channel that the transmitting UE listens to for receiving the follow-up signaling for establishing a sidelink.
Observation 5: Resource pools for discovery can optionally be (pre)configured to distinguish attributes such as location, service type, connection type, etc.
Proposal 2: Define discovery resource pools for NR V2X.
In the case that the channel and resource pools are not preconfigured, a configuration from the network over the Uu link can provide the above information to the UEs. For example, RRC configurations can provide the resources allocated to the PSDCH as well as how the channel resources are split into resource pools. UEs that are RRC connected are then able to transmit and receive discovery signals by monitoring the PSDCH. In addition, UEs that were in coverage at some point in time, and have received such configurations, can store the information and continue to perform discovery when temporarily out-of-coverage.
However, UEs that have not (recently) established an RRC connection may not be able to obtain this information over the Uu link prior to discovery. For such UEs, blind detection of discovery signals is a possibility. This highlights another possible advantage of PSDCH – if the standard constrains the resources that the PSDCH can be configured on, for example resources at the edges of the frequency band, central PRBs in the CC, and so on, blind detection of discovery signals by out-of-coverage UEs may become faster compared to the case that the UEs would have to monitor the whole band to detect discovery signals.
The RRC configurations could be provided at the time of setting up the V2X feature for the UE, or can be sent by the network, for example:
· As a response to a UE request for sidelink discovery information,
· Once the network is informed of the UE’s sidelink capability,
· If the UE requests a service from the network that is being available on the sidelink.
Proposal 3: Support RRC provisioning of PSDCH and discovery resource pool configurations according to UE requests on the Uu interface.
In LTE, communication and discovery resource pools are distinct and TDM’ed. In NR, discovery resource pools can be overlapping and/or FDM’ed with resource pools for other communications as shown in Figure 3. This has the advantage of reducing latency and improving multiplexing efficiency, compared with the TDM approach of LTE. Note that in the case of FDM’ing PSDCH with other signals, constraints may apply to communications that occur simultaneously with the resource pool(s) used by a certain UE. For example, when a UE is transmitting discovery messages, it may not be able to receive PSSCH simultaneously. This is a familiar half-duplex matter that can be handled as usual by scheduling/configuration, resource preemption rules, or retransmissions depending on QoS requirements, and so on. For example, based on QoS requirements, a low-priority discovery can be deprioritized in favor of high-priority/low-latency communications.
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Figure 3 [bookmark: _Ref528075863]. Communication constraints when transmitting or searching for discovery messages

Examples of the frame structure with PSDCH are shown in Figure 4.
[image: ]
Figure 4 [bookmark: _Ref536806915]. Examples of frame structure with PSDCH

Proposal 4: Support frequency-division multiplexing of communication and discovery resource pools.

In FR2, analog beamforming and the directivity of discovery transmissions can be used to perform initial beam acquisition. It is desired, as a general design principle that was also followed in Rel-15, to have a unified design for FR1 and FR2. This will save any extra standardization efforts at later stages to address possible backward-compatibility issues caused by considering only FR1 for the first release. Therefore, some specification support for discovery at the lower layers is beneficial. Beam management for NR V2X is discussed in [5].
Observation 6: Specification support for joint discovery and initial beam acquisition at FR2 is beneficial.
Proposal 5: Design a discovery procedure that works for both FR1 and FR2.

Conclusions
In this paper, we reviewed the issue of sidelink discovery for NR V2X summarized as follows:
Observation 1: Sidelink discovery through basic safety messages (BSMs) is not scalable and introduces complexity and overhead.
Observation 2: Using BSMs to indicate the services a UE is interested in requires specification work outside 3GPP.
Observation 3: Overloading other channels for discovery results in additional complexity for the design of those channels such as scheduling, multiplexing, and UE behavior complexities.
Observation 4: Use of a physical sidelink discovery channel is beneficial and feasible.
Observation 5: Resource pools for discovery can optionally be (pre)configured to distinguish attributes such as location, service type, connection type, etc.
Observation 6: Specification support for joint discovery and initial beam acquisition at FR2 is beneficial.
Therefore, we make the following proposals:
Proposal 1: Design a physical sidelink discovery channel (PSDCH) for NR V2X.
Proposal 2: Define discovery resource pools for NR V2X.
Proposal 3: Support RRC configurations over the Uu link for the PSDCH and discovery resource pools.
Proposal 4: Support frequency-division multiplexing of communication and discovery resource pools.
Proposal 5: Design a discovery procedure that works for both FR1 and FR2.
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