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1	Introduction
RAN plenary #80 approved a study item on NR V2X [1]. This study item targets, among other objectives, identifying technical solutions for NR sidelink design to meet the requirements of advanced V2X services as identified in [2]. In RAN1#94, a few high-level agreements were made related to PHY channels and their multiplexing [3] which are given below: 
	[bookmark: _Hlk525801640]Agreements:
· At least PSCCH and PSSCH are defined for NR V2X. PSCCH at least carries information necessary to decode PSSCH.
· Note: PSBCH will be discussed in the synchronization agenda.
· RAN1 continues study on the necessity of other channels. 
· Further study on
· Whether/which sidelink feedback information is carried by PSCCH or by another channel/signal.
· Whether/which information to assist resource allocation and/or schedule UE’s transmission resource(s) is carried by PSCCH or by another channel/signal.
· PSCCH format(s) and content(s) for unicast, groupcast, and broadcast
Agreements:
RAN1 to continue study on multiplexing physical channels considering at least the above aspects:
· Multiplexing of PSCCH and the associated PSSCH (here, the “associated” means that the PSCCH at least carries information necessary to decode the PSSCH).
· Study further the following options: 
· Option 1: PSCCH and the associated PSSCH are transmitted using non-overlapping time resources.
· Option 1A: The frequency resources used by the two channels are the same.
· Option 1B: The frequency resources used by the two channels can be different.
· Option 2: PSCCH and the associated PSSCH are transmitted using non-overlapping frequency resources in the all the time resources used for transmission. The time resources used by the two channels are the same.
· Option 3: A part of PSCCH and the associated PSSCH are transmitted using overlapping time resources in non-overlapping frequency resources, but another part of the associated PSSCH and/or another part of the PSCCH are transmitted using non-overlapping time resources.
Illustration of the above options:
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In [4] we provide the overview on the proposed PHY sidelink channels for NR V2X. In this document, we discuss the details related to the PSCCH type 1 (PSCCH-I) which mainly carries scheduling related control information. 
[bookmark: _Ref178064866]2	PSCCH Type-1 Design
In LTE, PSCCH is defined to carry scheduling assignment (SA) which is required by UE to properly detect and decode the corresponding PSSCH. Due to the broadcast nature of the majority V2X applications, it is important that all UEs receive the transmitted packet. Therefore, to keep the blind decoding complexity of the UE to reasonable level, only one SCI format and fixed location of PSCCH within the allocated resources were defined. 
[bookmark: _Toc525929377]Single SCI format is supported in LTE V2X. 
Furthermore, the PSCCH in LTE is frequency multiplexed with PSSCH (i.e. option 2 according to RAN1#94) and spans the whole slot/subframe. Although PSCCH spanning the whole slot/subframe may provide benefits in terms of coverage, it does not allow early data decoding which can be beneficial for some latency-critical applications. 
[bookmark: _Toc525929378]Scheduling related control information spanning the whole subframe is not optimal for latency-critical V2X applications. 
In [4] we propose to support option 3 where PSCCH-I occupies the first few (1 or 2) symbols of a slot and is time/frequency multiplexed with PSSCH enabling early decoding and resource sharing with data. 
[bookmark: _Toc525929379]Option 3 (according to RAN1#94 agreements) allows early decoding and control resource sharing with PSSCH. 
It is also desirable that the coverage of NR sidelink is at least comparable or better than that of LTE sidelink. However, confining PSCCH-I to one or two symbols may result in loss in coverage. Even if the transmit power limitation of UE is not accounted, to get similar coverage with one or two symbols PSCCH-I, the frequency resources required for PSCCH-I may be much larger as compared to the allocated bandwidth for its corresponding PSSCH. This is certainly undesirable leading to complex design and high control overhead. 
[bookmark: _Toc525929380]Confining PSCCH-I within the allocated bandwidth for PSSCH provides simple sidelink design and low control overhead. 
As discussed in [4], in NR PSCCH-I may carry different scheduling related control information e.g. scheduling assignments, control information assisting resource allocation such as pre-emption indication etc. Furthermore, for unicast communication, different aggregation levels (ALs) might be needed for a given SCI format to adapt to different channel conditions. In a distributed system, to be able to decode the sidelink data, a UE needs to monitor the search space and blindly decode (that is without having a-priori information on the used coding or aggregation level) all possible SCI formats with all possible aggregation levels in the sidelink control resources. However, this will lead to a high complexity at the UE for blind decoding of the SL control channel. 
[bookmark: _Toc525929381]Different SCI formats and ALs in NR V2X lead to high blind decoding complexity. 
To reduce the blind decoding effort of the UE, we believe that a 2-stage design of PSCCH-I can be beneficial and should be considered. Furthermore, using the 2-stage PSCCH-I design helps in ensuring at least similar performance as that of LTE control channel.  
[bookmark: _Toc525729819][bookmark: _Toc525929382]2-stage PSCCH-I can reduce blind decoding complexity of the UE and may also compensate for the coverage loss. 
[bookmark: _Toc525929383]RAN1 studies 2-stage PSCCH-I design for NR V2X. 
Our proposed 2-stage PSCCH-I design follows the principle of keeping the 1st stage SCI as small as possible with fixed pre-defined search space. This enables the desired flexibility of NR V2X when different use cases and scenarios need to be considered in a distributed manner. The main purpose of the 1st stage SCI is to point to the exact time and frequency resources and format of the 2nd stage SCI and indicate the SCI format. In contrast, the 2nd stage SCI can be flexible in terms of time and frequency locations as well as SCI formats. Despite the flexible allocation for the 2nd stage SCI, we still envision it to be within the allocated resources for data transmissions. 
[bookmark: _Toc525929384]1st stage SCI describes resource allocation and format of 2nd stage SCI. 
[bookmark: _Toc525929385]Search space and format for 1st stage SCI is pre-defined.
Figure 1 below shows the flexibility in NR V2X that could be achieved using our 2-stage design while keeping the blind decoding complexity of UE to the minimum. 
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Figure 1: 2-stage PSCCH-I design enabling flexible allocation
In the following, we describe the details of transmission format, mode, functionalities and contents of the two stages of PSCCH-I. 
(a) 1st stage SCI (fixed resource allocation or control search space)
· Transmission format: Possible single format with minimum possible control information
· Transmission mode: Broadcast
· Decoding method: Blind 
· Functionality: Indicate resource allocation and transmission format of 2nd stage control 
· Contents: Position of 2nd stage Type-I SCI, format of 2nd stage Type-I SCI, Sensing related information (FFS), any other control information for implicit detection of 2nd stage SCI (FFS)

(b) 2nd stage SCI (variable resource allocation or control region)
· Transmission format: Multiple formats 
· Transmission mode: Broadcast (can be unicast or multicast as well)
· Decoding method: Scheduled by reading 1st stage
· Functionality: Indicate resource allocation and transmission format of data and/or CSI reports in PSSCH.
· Contents: Information necessary for decoding PSSCH such as resource allocation, MCS, MIMO schemes etc., CRC 
[bookmark: _Toc525929386]Study the exact details on the two stages of PSCCH-I. 
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	Single SCI format is supported in LTE V2X.
Observation 2	Scheduling related control information spanning the whole subframe is not optimal for latency-critical V2X applications.
Observation 3	Option 3 (according to RAN1#94 agreements) allows early decoding and control resource sharing with PSSCH.
Observation 4	Confining PSCCH-I within the allocated bandwidth for PSSCH provides simple sidelink design and low control overhead.
Observation 5	Different SCI formats and ALs in NR V2X lead to high blind decoding complexity.
Observation 6	2-stage PSCCH-I can reduce blind decoding complexity of the UE and may also compensate for the coverage loss.
Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN1 studies 2-stage PSCCH-I design for NR V2X.
Proposal 2	1st stage SCI describes resource allocation and format of 2nd stage SCI.
Proposal 3	Search space and format for 1st stage SCI is pre-defined.
Proposal 4	Study the exact details on the two stages of PSCCH-I.
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