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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, simultaneous transmission of SL and UL is discussed. In addition, the impacts of SL BWP to SL design are discussed.
Discussion
Simultaneous transmission of SL and UL
In RAN1-AH-1901, it was agreed that the configuration signaling for SL BWP is separate from the Uu BWP configuration signaling, and that the UE is not expected to use different numerologies in the configured SL BWP and active UL BWP in the same carrier at a given time [1]. This simplifies the possibility to transmit simultaneously on an UL BWP and SL BWP.  
Allowing simultaneous transmission on UL BWP and SL BWP leads to shorter delay. In addition, it is expected that only uplink and flexible symbols can be used for sidelink transmission [2]. As shown in Figure 1 with the typical DL-UL configuration 4:1, it can be shown that only 10% of the slots can be used for UL when simultaneous transmission is not supported, as opposed to 20% when it is supported. With mini-slot data scheduling in non-simultaneous transmission, the delay problem is partly avoided, but this route leads to new issues, such as increased AGC overhead and TX-RX switching time. In addition, the Uu UL performance would be affected. 
[image: ]
[bookmark: _Ref536625396][bookmark: _Ref3194887]Figure 1. Simultaneous (option 1) / non-simultaneous (option 2) UL-SL transmission
It is easy to implement simultaneous UL/SL BWP transmission in the UE. The gNB can configure the UL BWP and SL BWP to ensure that the UL BWP and resource pool(s) are within the UE’s RF bandwidth. The UE needs to transmit two signals with different timing advances and power levels. This does not put big constraints on the hardware implementation: the UE simply has to add in time domain two generated OFDM signals. This requires two FFT modules, which is not anticipated to be an issue for modern hardware implementations. In addition, as long as the power difference between the two signals is not too large, a reasonable DAC resolution can handle the simultaneous transmission of both signals. The feasibility analysis is shown in the following table (e.g., waveform, IBE, and TA) compared with LTE.




Table 1. Analysis of simultaneous transmission of UL and SL.
	Issues
	LTE
	NR V2X
	Analysis

	Waveform
	SC-FDM for UL and SL
	OFDM for UL and SL
	no single-carrier problem

	In-band emission between UL and SL
	High power gap between UL Tx and SL Tx
	Pathloss between gNB and UE based power control for UL and SL
	Power control and resource scheduling/selection to avoid in-band emission interference

	Timing advance
	No TA for SL, SL Tx based on DL subframe boundary, there are offset between UL and SL transmission
	Option 1: Same TA as UL  
Option 2: Based on DL slot/subframe boundary
	For 1), UE can transmit UL and SL simultaneously.
For 2), two FFT modules can be used to achieve different TAs, i.e. different slot/subframe boundary.


Proposal 1: Simultaneous transmission on UL BWP and SL BWP in a carrier is supported for a UE when the same numerology is used for both BWPs.
Impacts of SL BWP to SL design
Since SL BWP concept was introduced in NR V2X, the impacts of SL BWP should be considered in the detailed SL design. The following aspects of SL design related to SL BWP are discussed in this section.
· Power control
· SL resource grid
· SL BWP and resource pool configuration
· Resource pool selection within SL BWP for mode 1
Power control
It was agreed that both shared licensed carrier between Uu and NR sidelink and dedicated NR sidelink carrier are supported. Thus power sharing rules, similar to those adopted in LTE, are needed between UL BWP and SL BWP, considering shared Uu-PC5 carriers, and dedicated PC5 carriers.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK7]For a dedicated NR sidelink carrier, UE can transmit UL and SL in different carriers at the same time, similar to LTE. The power control scheme in LTE for simultaneous transmission in dedicated sidelink carrier is that the UE can drop transmission, or adjust the transmission power, of UL or SL according to the PPPP values, such that the maximum transmission power is not exceeded, with power guaranteed for high-priority UL transmissions. It can be a baseline solution reused in NR V2X dedicated carriers.
Proposal 2: For a dedicated V2X carrier, UL/SL power sharing is based on the LTE procedures for dedicated carriers, i.e. at times of collision, UE can drop or reduce the transmit power of UL if UL priority is low enough, and otherwise UE can drop or reduce the transmit power of SL.
For shared Uu-PC5 carriers, as discussed in section 2.1, simultaneous transmission on UL BWP and SL BWP in a carrier should be supported for a UE when the same numerology is used for both BWPs. The LTE scheme is to completely drop the lower-priority transmission at times of collision. However, NR can have significantly more diverse traffic characteristics than LTE on both the Uu interface and the PC5 interface. Whereas LTE-V2X is designed for 20 ms periodic traffic, and 90% reliability, NR V2X has unpredictable, short latency traffic with high reliability requirements. In LTE-V2X, the loss of one transmission of a predictable set is not critical, but in NR V2X it could lead to QoS failure, and vice-versa when UL is e.g. URLLC whilst SL is periodic sensor broadcasts. Therefore, a power sharing scheme similar to the LTE dedicated carrier is more appropriate, so that a UL or SL transmission does not have to be completely dropped when some power could have been available for it.
Proposal 3: For a shared Uu-PC5 carrier, UL/SL power sharing is based on the LTE procedures for dedicated carriers, i.e. it is the same or similar as for a dedicated NR V2X carrier.
SL resource grid
[bookmark: _Hlk505670522]In NR Uu, for each numerology and carrier, a resource grid of  subcarriers and  OFDM symbols is defined, starting at common resource block  indicated by higher-layer signaling. There is one set of resource grids per transmission direction (uplink or downlink) with the subscript set to DL and UL for downlink and uplink, respectively. There is one resource grid for a given antenna port , subcarrier spacing configuration , and transmission direction (downlink or uplink). 
Furthermore, in order to support different numerologies in NR Uu, SCS-specific carrier is defined. Based on ‘point A’ and common resource blocks (CRBs) for a numerology, SCS-specific carrier and Uu BWP are configured to UE in NR Uu. The similar scheme can be reused for SL BWP in NR V2X.
Proposal 4: SL BWP configuration is based on point A and common resource block per numerology.
Indexing of RBs in the frequency domain is most efficiently defined within a SL BWP. This has lower overhead of resource pool configuration signaling than defining within a resource pool based on CRBs, and is more appropriate since sub-channels will be used as the within-pool resource granularity.
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[bookmark: _Ref7253349]Figure 2. PRB index within SL BWP
Proposal 5: PRB index is defined within a SL BWP.
SL BWP configuration
In NR Uu, for each DL BWP or UL BWP, the UE is provided a common RB   and a number of contiguous RBs . The granularity of these Uu BWP configurations is PRB level, and the bandwidth of Uu BWP can be any value from 1~275 PRBs. In order to realize proper coexistence of Uu BWP and SL BWP in a shared carrier, the granularity of SL BWP configuration needs to be at PRB level too. 
Proposal 6: The granularity of SL BWP start and length configurations is PRB level.
Resource pool selection within SL BWP for mode 1
Finally, whether the size of frequency domain resource allocation in DCI for dynamic grants in mode 1 depends on SL BWP or SL resource pool should be determined.
Proposal 7: Frequency domain resource allocation in DCI for Mode 1 is based on (FFS between) either size of SL BWP or size of SL resource pool.
Conclusions
This contribution has provided our views on SL BWP operation for NR V2X:
Proposal 1: Simultaneous transmission on UL BWP and SL BWP in a carrier is supported for a UE when the same numerology is used for both BWPs.
Proposal 2: For a dedicated V2X carrier, UL/SL power sharing is based on the LTE procedures for dedicated carriers, i.e. at times of collision, UE can drop or reduce the transmit power of UL if UL priority is low enough, and otherwise UE can drop or reduce the transmit power of SL.
Proposal 3: For a shared Uu-PC5 carrier, UL/SL power sharing is based on the LTE procedures for dedicated carriers, i.e. it is the same or similar as for a dedicated NR V2X carrier.
Proposal 4: SL BWP configuration is based on point A and common resource block per numerology.
Proposal 5: PRB index is defined within a SL BWP.
Proposal 6: The granularity of SL BWP start and length configurations is PRB level.
Proposal 7: Frequency domain resource allocation in DCI for Mode 1 is based on (FFS between) either size of SL BWP or size of SL resource pool.
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