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In RAN1 #94 and #94bis meetings [1-2], several aspects related to NR sidelink physical layer structure were discussed and some preliminary agreements were achieved, regarding to subcarrier spacing, waveform, multiplexing of control and data channel, and BWP as well as resource pool, etc. 
In this contribution, we provide our considerations on designing physical layer structure, mainly focusing on guard symbol(s) design, multiplexing of PSCCH and PSSCH, and whether to support both BWP and resource pool, as well as the detailed issues involved. 
Discussion
Guard symbol(s) design
Agreements (RAN1 #94):
Agree the following assumptions as tentative assumptions for the simulation at least till RAN1#94bis
· AGC
· Up to [15] us in FR1. Up to [10] us in FR2.
· TX/RX switching time
· [13] us in FR1 and [7] us in FR2
· Time error
· Up to [0.4] us between a UE and its synchronization reference
· Frequency error
· Up to [0.1] PPM between a UE and its synchronization reference

Agreements (RAN1 #94bis):
· NR sidelink supports the SCSs supported by Uu in a given frequency range, i.e., {15, 30, 60 kHz} in FR1 and {60, 120 kHz} in FR2.
· FFS the supported CP length
· Baseline is that a UE is not required to receive sidelink transmissions using different SCSs simultaneously in a given carrier.
· FFS if this applies to sidelink synchronization signals/channels
· Baseline is that a UE is not required to transmit sidelink transmissions using different SCSs simultaneously in a given carrier.
· FFS if this applies to sidelink synchronization signals/channels
In the LTE D2D, an LTE UE employing an AGC implementation based on energy estimation can settle within one LTE symbol (up to ) and additional AGC settling time (e.g. 2-3 symbol overall) may be required for higher order modulation to achieve acceptable accuracy [3]. This design principle is continued to use to LTE V2X. However, the AGC settling time decreases dramatically down to up to [15]  in FR1 and [10]  in FR2. Similarly, TX/RX switching time shortens from one symbol to [13]  in FR1 and [7]  in FR2. Considering the symbol duration will vary due to NR V2X supports the SCS {15, 30, 60 kHz} in FR1 and {60, 120 kHz} in FR2 which is different to LTE that fixed only to 15 kHz, numerology is an important aspect for taking into account to the number of AGC and TX/RX switching symbols and their positions, Table 1.
Table 1: An OFDM symbol duration for Normal cyclic prefix for different SCSs*
	SCS (kHz)
	An OFDM symbol duration for Normal cyclic prefix ()

	15
	71.4

	30
	35.7

	60**
	17.8**

	120
	9.0


*The table shows the duration except the first symbol, which is the shortest duration for each SCS. 
** If 60 kHz support normal cyclic prefix.
According to the table above, it is obvious that both AGC and TX/RX switching for SCS 15 kHz and 30 kHz are far more less than one symbol, on the contrary, it almost needs one symbol for 60 kHz and requires two symbols for 120 kHz. Therefore, it is reasonable to treat the AGC and TX/RX switching symbol design into two separate ways:
· 15kHz and 30 kHz SCSs
· 60 kHz and 120 kHz SCSs
Observation 1: Numerology is an important aspect for taking into account to the number of AGC and TX/RX switching symbols and their positions.
For both 15kHz and 30 kHz SCSs, the most economic and efficiency way is to merge the AGC and/or TX/RX switching in one symbol. This can be done by two different ways.
· Option 1: AGC and data merge in the first symbol and TX/RX switching merge in the last symbol.
· Option 2: AGC and TX/RX switching merge in one symbol


Figure 1: Comb type mapping for AGC and TX/RX switching
For option 1, it adopts a comb type mapping in frequency domain and this will result in a repeat version in time domain, as shown in figure 1. Therefore, the receiver will use the first half for AGC purpose and only decode the second half in the first symbol. Similarly, it will only decode the first half and use the second half for TX/RX switching purpose in the last symbol. 
For option 2, it could merge the AGC and TX/RX switching in the first symbol with the TX/RX switching in the first half and AGC in the last half. In addition, it can use a low PAPR sequence for the AGC purpose.
On the other hand, for both 60 kHz and 120 kHz SCSs, we prefer to reuse the similar placement of AGC and TX/RX switching symbol(s) in LTE, which is the first symbol(s) for AGC and the last symbol(s) for TX/RX switching.
Proposal 1: 
For both 15 kHz and 30 kHz SCSs
· The comb type mapping of AGC and Tx/Rx switching with other data or merging AGC and Tx/Rx switching in one symbol can be supported.
For both 60 kHz and 120 kHz SCSs
· The first symbol(s) for AGC and the last symbol(s) for TX/RX switching can be supported.
Multiplexing of PSCCH and PSSCH 
In RAN1 #94 and #94b meetings [1-2], the following agreements on multiplexing of PSCCH and the associated PSSCH were achieved. 
Agreements:
RAN1 to continue study on multiplexing physical channels considering at least the above aspects:
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]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:
[image: ]

Agreements:
For PSCCH and associated PSSCH multiplexing
· At least one of Option 1A, 1B, and 3 is supported.
· FFS whether some options require transient period between PSCCH and PSSCH.
· FFS whether to support Option 2
In this section, we provide our considerations on this issue.
Firstly, Option 2 is not preferred due to an increase in latency. As the time resources used by PSCCH and PSSCH are the same, data channel decoding cannot start until control channel decoding completes. 
In the remaining three options, Option 1A is not preferred either. As the frequency resources used by PSCCH are always the same as that of PSSCH, resulting to waste of resources and inflexibility, especially in case of variable packet size. 
For Option 1B and Option 3, neither time resources nor frequency resource of the two channels need to be the same, bringing in more flexibility. Moreover, it is possible to reuse the mature design of control channel and shared channel in NR Uu link to NR sidelink. Thus, Option 1B and Option 3 are preferred. 
Proposal 2: For PSCCH and associated PSSCH multiplexing, both Option 1B and Option 3 are supported.
BWP and resource pool
Agreements:
At least resource pool is supported for NR sidelink
Resource pool is a set of time and frequency resources that can be used for sidelink transmission and/or reception.
FFS whether a resource pool consists of contiguous resources in time and/or frequency.
A resource pool is inside the RF bandwidth of the UE.
FFS how gNB and other UEs know the RF bandwidth of the UE
FFS if BWP (if defined) can be used to in defining at least part of resource pool
FFS if the numerology of a resource pool is indicated as a part of (pre-)configuration for resource pool, carrier, band, or BWP (if defined)
UE assumes a single numerology in using a resource pool.
Multiple resource pools can be configured to a single UE in a given carrier.
FFS how to use multiple resource pools when (pre-)configured.
FFS BWP is supported for NR sidelink
FFS whether RAN1 can assume that at most one BWP is configured in a carrier from the system perspective.
It is RAN1 understanding that, in some cases, the entire system bandwidth is covered by a single BWP.
FFS the details of BWP configurations, including the possibility of restricting the number of BWPs
FFS whether BWP for TX and RX is separated or a common BWP applied to both TX and RX
There is at most one activated sidelink BWP for a UE in a given carrier as in the Uu case
Further study the feasibility, benefit, and impact of sidelink BWP switching
Aim to conclude in RAN1#95
Companies are encouraged to provide more analysis, including checking current Rel-15 specification regarding BWP related text
In RAN 1#94bis meeting, it was agreed that resource pool was supported in NR sidelink and its definition was also given, however, whether to support BWP was FFS and supposed to be determined in this meeting. In this subsection, we first provide our analysis on whether to support BWP, and then discuss the configurations of sidelink BWP and resource pool. 
· Sidelink bandwidth
In Rel 15 NR Uu link, a wide system bandwidth at a carrier is provided, i.e., up to 100MHz for FR 1 and up to 400MHz for FR2. In order to accommodate UEs with different RF capabilities at the same carrier, a UE can report its RF capability to gNB, based on which proper bandwidth can be configured. For NR sidelink, similar issue also exists, considering RF capabilities of UEs may differ with the available system bandwidth of shared carrier and ITS carrier, it’s required to be able to define the sidelink bandwidths for UEs. Furthermore, with given RF capability of a UE, the allocated sidelink bandwidth can locate at different frequency positions within the system bandwidth, as shown in figure 2. According to the service requirements or resource load, the frequency location of sidelink bandwidth can be changed. Therefore, considering the analysis above, BWP can be used to configure sidelink bandwidth for a UE and provides flexible frequency location change.


Figure 2 Sidelink bandwidth
Observation 1 BWP can provide sidelink bandwidth for NR V2X UE.
· The necessity of multiple numerologies
In NR V2X, the performance requirements of vehicle platooning, advanced driving, extended sensor, and remote driving quite differ. According to 22.186, the maximum allowed end-to-end latency is 10-25 ms of vehicle platooning, 3-100ms of advanced driving and extended sensors, and 5 ms of remote driving; the payload size is 50-6500 bytes of vehicle platooning, 300-12000 bytes of advanced driving, and 1600 bytes of extended sensors. Therefore, for services with large payload size and tolerant latency, low SCS can provide higher resource efficiency, while for latency sensitive service, large SCS can provide can guarantee low latency. Furthermore, considering the supported maximum communication ranges of different SCSs and normal CP overhead are quite different, 15kHz with NCP can provides a largest communication range, and 30kHz and 60kHz with NCP can only provide short communication range. As the minimum required communicate range is 80-350 m of vehicle platooning, 360-700 m of advanced driving, and 50-1000 m of extended sensor, only 15kHz with NCP can satisfy the communication range of all the use cases. However, low latency requirements cannot be well satisfied by 15kHz unless mini-slot transmissions are allowed at NR sidelink, but causing further overhead, i.e. adopting more PSCCH symbols as well as guard symbols. Therefore, we suggest to support multiple numerologies in NR sidelink to satisfy various services flexibly.
Observation 2 Single numerology cannot flexibly meet performance requirements of NR v2x services.
In NR Uu, BWP is configured with numerology information. Multiple numerologies are supported by configuring multiple BWPs for a UE and perform BWP switching, and only one BWP is allow to be activated at a carrier at given time. gNB mainly takes charge of BWP switching via L1 scheduling DCI. However, in NR sidelink, the UEs may not be RRC-connected and get scheduling information from gNB, it requires to perform sensing before determining time-resource resources for transmission. If BWP is switched, the historical sensing results on previous BWP may not be able to be used anymore, and new sensing for determining transmission resource is required on the new BWP, which causes additional time delay for transmission.         
Observation 3 Additional sensing delay will be caused by BWP switching in NR sidelink. 
Therefore, based on the analysis above, we suggest to adopt BWP for providing sidelink bandwidth and further study the mechanism for sidelink BWP switching.
Proposal 3 Support BWP in NR sidelink, and further study sidelink BWP switching mechanism. 
· Sidelink BWP
In NR Uu link, both DL and UL BWPs are configured for a UE and the activated DL and UL BWPs could be different in both TDD and FDD case. However, in NR sidelink, a UE performs sensing by blind decoding the received SCI and measuring power of received data, and then it can determine the potential resources for transmission. If the transmit and receive BWP is different, some mapping mechanism should be designed so that the sensing results on the receive BWP can be applied to the transmit BWP. This will increase specification work and the benefit is not clear so far. We suggest to support a common BWP for transmission and reception.
Furthermore, when sidelink UE works at a shared carrier, it is configured with DL, UL, and SL BWPs. To guarantee the sidelink performance, SL BWP configuration should not depend on DL/UL BWP configuration and should not be affected by DL and/or UL BWP switching.
Proposal 4 Support one common sidelink BWP for transmission and reception.
Proposal 5 Sidelink BWP configuration should be independent of DL and UL BWP configurations.
· Resource pool
According to our discussion in the above, sidelink BWP can provide RF bandwidth of the UE, and thus, resource pools can be (pre-)configured inside sidelink BWP of the UE. As BWP can provide numerology information, resource pool is able to define the set of time and frequency resources under the numerology indicated by BWP. 
For time domain dimension of resource pool, uplink slots of NR Uu can be used for sidelink at shared carrier case. Considering the flexible configuration of frame structure in NR Uu, it may be impossible to always find contiguous UL slots. Therefore, resource pool consisting of non-contiguous time resources should be supported at least for shared carrier case. 
For the frequency domain dimension of resource pool, contiguous resource blocks are allocated to a resource pool in LTE v2x. Also, the resource blocks in a BWP is also contiguous. To sake of simplified configuration signaling of resource pool in NR sidelink, contiguous resource blocks should be at least supported.  
Proposal 6 At least support configuration of non-contiguous time resource and contiguous resource blocks for a resource pool.
Furthermore, multiple resource pools at a carrier can be configured for unicast, groupcast and broadcast. Generally, dedicated time-frequency resource for each transmission type can reduce UE complexity, but leading to a reduced resource efficiency, while common time-frequency resource for three transmission types can improve resource efficiency but with an increased UE complexity. In LTE V2X, resource pools are (pre-) configured for broadcast transmission, where resource allocation are performed in either mode 3 or mode 4. Similarly in NR V2X, multiple resource pools can be also (pre-) configured for unicast, groupcast, and broadcast, respectively. To provide the flexibility of resource configuration,  the resource pools (pre-) configured for one transmission type can be non-overlapped, partially overlapped, and fully overlapped with those (pre-) configured for another transmission type, according to the performance requirements of NR various V2X services.   
Proposal 7 Multiple resource pools can be configured to support unicast, groupcast, and broadcast transmissions, and any two resource pools from different transmission type can be non-overlapped, partially overlapped, and fully overlapped.
Conclusions
Guard symbol(s) design, multiplexing of PSCCH and PSSCH, sidelink BWP and resource pool are discussed in this document and the following conclusions are proposed:
Observation 1 BWP can provide sidelink bandwidth for NR V2X UE.
Observation 2 Single numerology cannot flexibly meet performance requirements of NR v2x services.
Observation 3 Additional sensing delay will be caused by BWP switching in NR sidelink.
Proposal 1:
For both 15 kHz and 30 kHz SCSs
· The comb type mapping of AGC and Tx/Rx switching with other data or merging AGC and Tx/Rx switching in one symbol can be supported.
For both 60 kHz and 120 kHz SCSs
· The first symbol(s) for AGC and the last symbol(s) for TX/RX switching can be supported.
Proposal 2: For PSCCH and associated PSSCH multiplexing, both Option 1B and Option 3 are supported.
Proposal 3 Support BWP in NR sidelink, and further study sidelink BWP switching mechanism. 
Proposal 4 Support one common sidelink BWP for transmission and reception.
Proposal 5 Sidelink BWP configuration should be independent of DL and UL BWP configurations.
Proposal 6 At least support configuration of non-contiguous time resource and contiguous resource blocks for a resource pool.
Proposal 7 Multiple resource pools can be configured to support unicast, groupcast, and broadcast transmissions, and any two resource pools from different transmission type can be non-overlapped, partially overlapped, and fully overlapped.
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