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[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.
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.
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Discovery message options
A UE interested to establish a sidelink with another UE should search for messages that can be received from the other UE and can be decoded. The following are two main options being considered for this purpose:
· Option 1: Discovering other UEs by listening to basic safety messages (BSMs) or other transmissions on the PSSCH/PSCCH (LTE or NR). 

· Option 2: Discovering other UEs by listening to broadcast messages designated for the purpose of discovery. 
BSM messages contain proximity information, 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 1, after receiving the BSM message 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. One potential solution would be to indicate which service(s) the UE is interested in within the BSM message. However, this solution would require specification work on BSM messages, which are potentially sent on the LTE link and not within 3GPP specifications, which in turn might complicate the design and affect backwards compatibility. Thus, option 1 does not appear promising.
Option 2, as supported in [3], [4], [5], [6], avoids the above disadvantages and allows flexible designs for discovery in terms of message size, message content, discovery period, etc. The content of the discovery messages can then be designed to minimize overhead. The discovery message format can be similar to the LTE D2D discovery message, e.g., a UE identity (physical layer ID) and a service indicator..  While more information could be added (UE capability, etc.), a compact message is sufficient to enable discovery for unicast purposes.
The signaling approach of Option 2 can be enabled with or without a dedicated PSDCH. It was proposed in the last meeting to reuse PSCCH (see [5], [6]) or PSSCH (see [5]) for transmission of discovery signals. However, there are drawbacks for overloading control/shared channels instead of using a PSDCH. One drawback of using PSSCH is the additional control signaling overhead that it imposes, while discovery messages can be designed with minimum overhead. 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. Another drawback of overloading PSCCH or PSSCH 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 other channels at a given moment.
Therefore, we propose that the discovery process uses a dedicated PSDCH rather than overloading PSCCH/PSSCH. 
A possible issue raised in the previous meetings is that the size of the discovery message may be variable and service-dependent [7]. However, we do not think that having a variable size discovery message is a major issue because discovery messages will need to merely convey essential information to discover a UE/service and 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.
Proposal 1: Design a sidelink discovery message and procedure, and a physical sidelink discovery channel (PSDCH) for NR V2X.
Discovery resource pool
General design principles for NR discovery can reuse those of LTE. In particular, resource pools for discovery can be (pre)configured through 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 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 design and discovery message (in colors representing UEs and/or services) proposed for NR.

Proposal 2: Define discovery resource pools for NR V2X.
For LTE, the communication and discovery resource pools are distinct and TDM’ed. For 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.
 [image: ]
Figure 3 [bookmark: _Ref528075863]. Communication constraints when transmitting or searching for discovery messages
Proposal 3: Frequency division multiplexing of communication and discovery pools is supported.
In FR2, advantage can be taken of analog beamforming so that directivity of discovery transmissions can be used to assist the initial beam acquisition process during the communication process.
Proposal 4: 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 and made the following proposals:
Proposal 1: Design a sidelink discovery message and procedure, and a physical sidelink discovery channel (PSDCH) for NR V2X.
Proposal 2: Define discovery resource pools for NR V2X.
Proposal 3: Frequency division multiplexing of communication and discovery pools is supported.
Proposal 4: Design a discovery procedure that works for both FR1 and FR2.
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