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Introduction
In RAN #80, a new SI for 3GPP NR V2X was agreed. One of the objectives of the SI with respect to NR V2X sidelink design is [1]:
	1: Sidelink design [RAN1, RAN2]:
· Identify technical solutions for a NR sidelink design to meet the requirements of advanced V2X services, including 
· Study the support of sidelink unicast, sidelink groupcast and sidelink broadcast
· Study NR sidelink physical layer structures and procedure(s)
· Study sidelink synchronization mechanism
· Study sidelink resource allocation mechanism (also including objective 3)
· Study sidelink L2/L3 protocols

NOTE: Only the performance of advanced V2X use cases will be evaluated in the design of NR sidelink.



In RAN1#94b, the following agreements regarding resource allocation mechanism were approved for NR V2X [2]: 
	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.




In RAN1#95 meetings, the following working assumption is agreed for NR V2X physical layer structures [3]. 
	Working assumption:
· Regarding PSCCH / PSSCH multiplexing, at least option 3 is supported for CP-OFDM.
· RAN1 assumes that transient period is not needed between symbols containing PSCCH and symbols not containing PSCCH in the supported design of option 3.
· FFS how to determine the starting symbol of PSCCH and the associated PSSCH
· FFS for other options. e.g. whether some of them are supported to increase PSCCH coverage.




In this contribution, we discuss potential channel structures to support our proposed Mode 2-a resource allocation mechanism for NR V2X in [4]. 

Discussion
1.1 Rx-Tx switching
Mode 2-a resource allocation mechanism is discussed in [4]. Due to the half-duplex constraint, there is a problem of resource collision. Consider a case shown in Figure 1 where the counter N can take a continuous number, 0, 1, 2…… If UE1 senses the channel to be idle until OFDM symbol #1 (N = 1 for UE1), it performs Rx-Tx switching at OFDM symbol #2. Because UE1 doesn’t transmit data at OFDM symbol #2 (Rx-Tx switching at OFDM symbol 2), UE2 also senses the channel to be idle until OFDM symbol #2 (N = 2 for UE2). Both UE1 and UE2 sense the channel to be idle and determine this channel can be used for data transmission. A resource collision between UE1 and UE2 will happen. 
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FIGURE 1
Required Rx-Tx switching time is about 13us for FR1 and it is much shorter than one OFDM symbol in cases of 15KHz and 30KHz SCSs. Required Rx-Tx switching time is about 7us for FR2 and it is much shorter than one OFDM symbol in case of 60KHz SCS. So, remaining part of the OFDM symbol not used for Rx-Tx switching may be used by UEs for other purposes. 
One alternative is shown in Figure 2, the last part of the OFDM symbol is used for Rx-Tx switching time, whereas the first part of the OFDM symbol is used for reception and sensing purpose. 


In Figure 2, when UE1 senses the channel to be idle until OFDM symbol #1 (= 1 for UE1), it performs Rx-Tx switching at last part of OFDM symbol 2 and starts data transmission from OFDM symbol #3. UE2 also senses the channel to be idle until OFDM symbol #2 (= 2 for UE2), but UE2 can detect the channel to be busy at the first part of OFDM symbol #3. There would be two alternatives to resolve this problem.
In the OFDM symbol where Rx-Tx switching is required, the sensing UE make use of the received data sent by another UE to determine whether the channel is occupied by that UE. Because frequency domain sensing is performed, the sensing UE needs to transform the received data to frequency domain. 
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FIGURE 2
Another alternative is shown in Figure 3, the first part of the OFDM symbol is used for Rx-Tx switching time, whereas the last part of the OFDM symbol is used for reception and sensing purpose.
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FIGURE 3
Proposal 1: Study a method to reduce resource waste caused by Rx-Tx switching time.
1 
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1.2 Additional control channel
A separate control channel in addition to PSCCH that carries resource allocation information of associated PSSCH comes after the Rx-Tx switching and AGC. The separate control channel is used to indicate both/either frequency resources and/or time resources occupied by the following PSCCH or both PSCCH and PSSCH. 
The motivation for an additional channel control is to reduce blind decoding complexity. It has smaller fixed payload size compared to PSCCH that carries resource allocation information of associated PSSCH, and its position should be in known candidate positions in both frequency and time domain occupying a fixed number of RBs and OFDM symbols. Without this additional control channel, consider varying payload size of PSCCH channel and varying resource positions in both time and frequency domain, blind decoding complexity would be greatly increased. With this additional control channel introduced, the UE doesn’t need to perform blind decoding on PSCCH, which can help increase its decoding reliability and reduce its decoding complexity. The UE only needs to do blind decoding on this additional control that is minimal considering fixed resource positions and fixed payload size and number of RBs of this additional control. 
PSCCH/PSSCH may occupy more frequency resources than the control channel. The T-F resources at the symbols where the control channel doesn’t occupy may be used for the transmission of PSCCH/PSSCH. The frequency positions of the control channel can only be in fixed RBs in the whole frequency bandwidth and the number of RBs of the control channel can only be a fixed number of RBs. The purpose of this restriction is to reduce blind decoding complexity of the control channel. For example, every 10 RBs, there is a candidate control channel that occupies 2 consecutive RBs. The offset position of the RBs for the control channel may be configured by high layers or specified/pre-defined.
One example is shown in Figure 4. The control channel is transmitted at the symbols of 3 and 4 in a slot. Only a part of the frequency RB resources occupied by the PSCCH/PSSCH are used for the transmission of the control channel. In this example, the starting RBs in the allocated resources are used for the control channel. The rest of resources are used for the transmission of the PSCCH/PSSCH. 
[image: ]
FIGURE 4
Proposal 2: Study a separate control channel in sensing slots:
· This separate control channel has known candidate positions in both frequency and time domain occupying a fixed number of RBs and OFDM symbols.
· This separate control channel is used to indicate the both/either frequency resources and/or time resources occupied by the following PSCCH or both PSCCH and PSSCH.
1.3 PSCCH / PSSCH Multiplexing
The UE may transmit PSCCH starting at any symbols and any frequency RBs except resources in the same OFDM symbol as Rx-Tx switching. The positions of the PSCCH and/or PSSCH are indicated by the separate control channel. 
Figure 5 shows an example of PSCCH/PSSCH multiplexing. In this example, resources at symbols of 5 and 6 are used for transmission of PSCCH, whereas others are used for transmission of PSSCH. 
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FIGURE 5
In another example as shown in Figure 6, PSCCH are transmitted at symbols of 3, 4, 5 and 6 at the frequency RBs that are not occupied by the separate control channel. Others are used for transmission of PSSCH.
[image: ]
FIGURE 6
Proposal 3: Study a flexible PSCCH/PSSCH multiplexing Option 3 where PSCCH/PSSCH positions and their occupied resources are indicated by an associated separate control channel.
Conclusions
In this contribution, we discuss potential designs for channel structures in order to achieve a more efficient resource allocation if the proposed Mode 2-a resource allocation mechanism is used in NR V2X. The followings were proposed:
Proposal 1: Study a method to reduce resource waste caused by Rx-Tx switching time
Proposal 2: Study a separate control channel in sensing slots:
· This separate control channel has known candidate positions in both frequency and time domain occupying a fixed number of RBs and OFDM symbols.
· This separate control channel is used to indicate the both/either frequency resources and/or time resources occupied by the following PSCCH or both PSCCH and PSSCH.
Proposal 3: Study a flexible PSCCH/PSSCH multiplexing Option 3 where PSCCH/PSSCH positions and their occupied resources are indicated by an associated separate control channel.
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