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1. Introduction
According to the WID for Rel-18 SL evolution [1], the objective of this WI is as follows: 
	Study and specify support of sidelink on unlicensed spectrum for both mode 1 and mode 2 where Uu operation for mode 1 is limited to licensed spectrum only [RAN1, RAN2, RAN4]
· Channel access mechanisms from NR-U shall be reused for sidelink unlicensed operation
· [bookmark: _Hlk89917081]Assess the applicability of sidelink resource reservation from Rel-16/Rel-17 to sidelink unlicensed operation within the boundaries of unlicensed channel access mechanism and operation
· No specific enhancements for Rel-17 resource allocation mechanisms
· If the existing NR-U channel access framework does not support the required SL-U functionality, WGs will make appropriate recommendations for RAN approval.
· [bookmark: _Hlk89917101]Physical channel design framework: Required changes to NR sidelink physical channel structures and procedures to operate on unlicensed spectrum
· [bookmark: _Hlk89917118]The existing NR sidelink and NR-U channel structure shall be reused as the baseline.
· [bookmark: _Hlk89917140]No specific enhancements for existing NR SL feature
· [bookmark: _Hlk89917215]The study should focus on FR1 unlicensed bands (n46 and n96/n102) and is to be completed by RAN#98.


In this contribution, we discuss the issues on the physical channel design for NR sidelink transmission on unlicensed band. 
1.1. Problem of the slot-based PSCCH/PSSCH transmission in unlicensed spectrum
In Release 16 and Release 17, PSCCH has only one occasion configured at the beginning of a slot so a UE can only start a transmission at the beginning of a slot. In Release 18, the operation of sidelink communication is extended to unlicensed spectrum to support the commercial use cases such as interactive gaming, Internet of Everything, etc. with an increase of data rate. In unlicensed spectrum, the UE has to do LBT before a transmission. Due to the uncertainty of LBT, the UE might acquire the channel and initiate a COT in the middle of a slot after the PSCCH occasion as shown in Figure 1. In Scenario 1, the UE succeeds in acquiring a channel after the PSCCH occasion in the current slot so it cannot start the transmission and has to wait until the next slot. Due to the gap between the successful LBT and the next slot, the UE has to do an additional LBT before the transmission. This causes a latency in transmission. The situation might become worse if another device steals the transmission opportunity before the UE of interest transmits as shown in Scenario 2. The UE succeeds in acquiring a channel after the PSCCH occasion in the current slot so it must wait until the next slot for the transmission. At that time, because the UE does not transmit, another WIFI device senses an idle channel and initiates its own COT to transmit data. As a result, when the UE does an additional LBT before the next slot, it senses a busy channel and cannot transmit so it must continue to wait until the end of the WIFI transmission. 
[image: ]
[bookmark: _Ref109035258]Figure 1: Sidelink transmission in unlicensed spectrum
To solve the transmission problems related to the uncertainty of the LBT procedure, it has been discussed to introduce multiple additional starting symbols for PSCCH/PSSCH transmission in a slot.
Agreement RAN1 #109-e, May 9th -20th, 2022
For slot structure in SL-U:
· At least R16/R17 NR SL slot-based PSCCH/PSSCH transmission is supported
· FFS: whether/how to support additional starting symbol(s) within a slot for the PSCCH/PSSCH transmission

Some companies propose to transmit in mini slots immediately after a successful LBT. However, the use of mini slots will increase the number of blind PSCCH decoding attempts at the UE.
Other solutions include dummy transmissions such as cyclic prefix extension-likely transmission or dummy data between the successful LBT in the middle of a slot and the beginning of the next slot to keep the channel. This scheme causes the latency in the start of the meaningful transmission and a waste of resources and power for the dummy transmission.
In the following, we propose a scheme where PSSCH transmission starts immediately after successful LBT and the associated PSCCH is transmitted in a later occasion to limit the number of blind PSCCH decoding attempts.
2. Physical channel design for sidelink in unlicensed spectrum
2.1. Back-scheduling scheme for sidelink communication in unlicensed spectrum
[image: ]
[bookmark: _Ref109045687][bookmark: _Ref109224068]Figure 2: Back-scheduling scheme
At the transmitter side, in unlicensed spectrum, the UE must do LBT to acquire a channel and initiate a COT before a transmission. However, due to the uncertainty of LBT, the UE might succeed in accessing the channel after the beginning of a slot so it cannot transmit in that slot but has to wait until the next slot. To avoid the waiting time, in the proposed back-scheduling scheme, the UE is configured with multiple starting symbols so that it can start a transmission even in the middle of a slot. The starting symbols can be configured every symbol so that the UE can transmit immediately after a successful LBT.
After a successful LBT, the transmitting UE starts to transmit at one starting symbol. If the starting symbol is in the middle of a slot, the UE transmits PSSCH carrying the transmission of a transport block without an associated PSCCH transmitted before as shown in Figure 2. In the next slot, in the PSCCH occasion, the UE transmits PSCCH carrying SCI with the information about PSSCH resources to back indicate the location of PSSCH carrying data in the previous slot. Besides PSSCH resources, SCI in PSCCH also contains the information about data priority, DMRS pattern, modulation and coding scheme of PSSCH, the number of DMRS ports, etc. as SCI in the conventional scheme. 
[bookmark: _Ref110605405]Proposal 1: A UE is configured with multiple starting symbols in a slot. A transmitting UE can start to transmit PSSCH at a starting symbol in the middle of a slot after a successful LBT in unlicensed spectrum without an associated PSCCH transmitted before.
[bookmark: _Ref111195197][bookmark: _Ref110605443]Proposal 2: After transmitting PSSCH, the UE transmits PSCCH carrying SCI in the next PSCCH occasion to back indicate the PSSCH transmitted before. 
At the receiver side, the receiving UE stores one slot before the current slot that it is monitoring. In other words, after the UE monitors a slot and does not detect PSCCH and PSSCH transmissions, it stores that slot for a potential back indication in the next slot. 
The receiving UE does blind decoding in a PSCCH occasion, if it decodes successfully PSCCH, based on PSSCH resource information, it can find PSSCH in the stored slot to decode. In Figure 3, the receiving UE decodes blindly PSCCH in slot 2. The decoded PSCCH carrying SCI in slot 2 informs the UE that this SCI indicates PSSCH in the previous slot. Then, from the information about PSSCH resource in SCI, the UE finds PSSCH in the previous slot and decodes it.
The proposed scheme allows the UE to start a transmission in the middle of a slot immediately after a successful LBT in unlicensed spectrum. By allowing the additional starting symbols in a slot, it reduces latency and avoids losing the channel to other devices as in the conventional slot-based sidelink transmission. Moreover, this scheme does not require to monitor PSCCH occasions on a mini-slot level as in the mini-slot-based schemes and therefore limiting the amount of blind PSCCH decoding attempts. 
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[bookmark: _Ref109224654]Figure 3: The back-scheduling scheme in a slot with PSFCH resource
Figure 3 shows the back-scheduling scheme in a slot with physical sidelink feedback channel (PSFCH) resource. The transmitting UE succeeds in acquiring a channel after the PSCCH resource so it transmits PSSCH and stops before PSFCH resource. Due to guard symbol or the absence of feedback transmission in PSFCH resource, the transmitting UE does another LBT before transmitting PSCCH in the next slot to back indicate PSSCH in the previous slot. The receiving UE decodes this PSCCH to find PSSCH transmitted before in the stored slot.
In a variation of the back-scheduling scheme, PSCCH is transmitted in the same slot with PSSCH instead of being transmitted in the next slot. A back-up resource for PSCCH is configured in the PSSCH resource at the end of a slot and in the same subchannel as the PSCCH at the beginning of a slot (the main PSCCH resource). If a transmitting UE succeeds in acquiring a channel after the beginning of a slot, it cannot transmit PSCCH in the main PSCCH resource but still transmits PSSCH. Subsequently, in the same slot, PSCCH is transmitted in the back-up PSCCH resource to back indicate time and frequency resources of PSSCH. In other words, the UE punctures PSSCH data to transmit PSCCH as shown in Figure 4. On the other hand, if the UE succeeds in acquiring the channel at the beginning of a slot and transmits PSCCH in the main PSCCH resource, the back-up PSCCH resource is used for PSSCH transmission as the conventional scheme so PSSCH resource is not punctured by PSCCH as shown in Figure 5. 
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[bookmark: _Ref109117476]Figure 4: Back-up PSCCH resource is used for PSCCH transmission to indicate PSSCH transmission in the same slot
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[bookmark: _Ref109117467]Figure 5: Back-up PSCCH resource is used for PSSCH transmission
[bookmark: _Ref111195199][bookmark: _Ref110605475]Proposal 3: A back-up PSCCH resource is configured in the PSSCH resource at the end of a slot and in the same subchannel as the main PSCCH resource at the beginning of a slot. This resource is used for PSCCH transmission if the UE cannot transmit PSCCH in the main PSCCH resource to indicate a PSSCH transmission in the same slot. 
The gNB configures the back-up PSCCH resource to the transmitting UE and indicates the receiving UE to monitor this resource. The receiving UE does not always have to monitor and do blind decoding in the back-up resource. If the receiving UE detects PSCCH in the main PSCCH resource, it knows that PSCCH is already transmitted so the back-up resource will be used for PSSCH and it does not do blind decoding in the back-up resource to look for PSCCH. This alleviates blind decoding burden at the receiver side. If the receiving UE does not detect PSCCH in the main PSCCH resource, it will look for PSCCH in the back-up resource. In case the UE finds PSCCH carrying SCI, it knows that a part of PSSCH scheduled by this SCI is punctured for the PSCCH transmission. The UE excludes the punctured resource in PSSCH decoding.
[bookmark: _Ref110605480]Proposal 4: The back-up PSCCH resource is configured by the gNB. The UE only monitors the back-up PSCCH resource if it does not find PSCCH carrying SCI in the main PSCCH resource.
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[bookmark: _Ref110593282]Figure 6: PSSCH transmission in an empty PSCCH occasion
In Figure 6, LBT succeeds in the symbols with PSCCH occasion. The transmitter can transmit PSSCH immediately and use the resource originally allocated to PSCCH since PSCCH cannot be transmitted. The PSSCH transmission may possibly include an AGC symbol which is a copy of the symbol immediately succeeding it.
[bookmark: _Ref110605483]Proposal 5: PSSCH can be transmitted in the empty PSCCH resource.
2.2. Signaling to support the back-scheduling scheme for sidelink communication in unlicensed spectrum
In the back-scheduling scheme where PSSCH and PSCCH are transmitted in two slots, a SCI in PSCCH can indicate PSSCH resource in the previous slot or the current slot. Therefore, one-bit flag is configured in SCI to help the receiving UE know that SCI back indicates PSSCH in the previous slot or indicates PSSCH in the current slot.
[bookmark: _Ref110605485]Proposal 6: One-bit flag in SCI is used to tell the receiving UE that SCI back indicates PSSCH in the previous slot or indicates PSSCH in the current slot.
To indicate the starting symbol of PSSCH in a slot, a new field may be added in SCI so the resulting SCI may constitute a new SCI Format or alternatively reserved bits may be used in an existing format. The larger the number of potential starting symbols, the higher the signaling overhead.
The possible starting symbols may be configured through higher layers.
One SCI may indicate PSSCH in the previous slot, PSSCH in the same slot, or PSSCH in the next slots at the same time. 
[bookmark: _Ref110605486][bookmark: _Ref111124433][bookmark: _Ref111195205]Proposal 7: New SCI format or reserved bits in the current SCI format are used to indicate the starting symbol of PSSCH in a slot.
[bookmark: _Ref111124436][bookmark: _Ref111195206]Proposal 8: One SCI may indicate PSSCH in the previous slot, PSSCH in the same slot, or PSSCH in the next slots at the same time.
2.3. Techniques to avoid the gap between PSSCH and PSCCH transmissions in the back-scheduling scheme
When PSSCH and PSCCH are transmitted in two slots in the back-scheduling scheme, the gap between PSSCH and PSCCH due to the guard symbol at the end of a slot might lead to an additional LBT before PSCCH transmission as shown in Figure 2. To avoid the gap and an additional LBT, the UE may extend the PSSCH transmission to include the guard symbol. Another method is to make the UE use a longer cyclic prefix for the AGC symbol before PSCCH transmission to fill the gap in the guard symbol between the PSSCH and PSCCH transmissions.
[bookmark: _Ref110605489]Proposal 9: The UE extends PSSCH transmission to include the guard symbol or uses a longer cyclic prefix for the AGC symbol before PSCCH transmission to fill the gap due to the guard symbol between two slots.
3. Conclusions
[bookmark: _GoBack]In this contribution, the following proposals are put forward:
Proposal 1: A UE is configured with multiple starting symbols in a slot. A transmitting UE can start to transmit PSSCH at a starting symbol in the middle of a slot after a successful LBT in unlicensed spectrum without an associated PSCCH transmitted before.
Proposal 2: After transmitting PSSCH, the UE transmits PSCCH carrying SCI in the next PSCCH occasion to back indicate PSSCH transmitted before.
Proposal 3: A back-up PSCCH resource is configured in the PSSCH resource at the end of a slot and in the same subchannel as the main PSCCH resource at the beginning of a slot. This resource is used for PSCCH transmission if the UE cannot transmit PSCCH in the main PSCCH resource to indicate a PSSCH transmission in the same slot.
Proposal 4: The back-up PSCCH resource is configured by the gNB. The UE only monitors the back-up PSCCH resource if it does not find PSCCH carrying SCI in the main PSCCH resource.
Proposal 5: PSSCH can be transmitted in the empty PSCCH resource.
Proposal 6: One-bit flag in SCI is used to tell the receiving UE that SCI back indicates PSSCH in the previous slot or indicates PSSCH in the current slot.
Proposal 7: New SCI format or reserved bits in the current SCI format are used to indicate the starting symbol of PSSCH in a slot.
Proposal 8: One SCI may indicate PSSCH in the previous slot, PSSCH in the same slot, or PSSCH in the next slots at the same time.
Proposal 9: The UE extends PSSCH transmission to include the guard symbol or uses a longer cyclic prefix for the AGC symbol before PSCCH transmission to fill the gap due to the guard symbol between two slots.
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