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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN#83, a WI on NR V2X was agreed, with the following objective:
· Support of sidelink signals, channels, bandwidth part, and resource pools [RAN1, RAN2]
During the SI, the following agreement was reached on BWP:
· Confirm the working assumption
· Working assumption: only one SL BWP is configured in a carrier for a NR V2X UE
· Configuration for SL BWP is separated from Uu BWP configuration signalling.
· UE is not expected to use different numerology in the configured SL BWP and active UL BWP in the same carrier at a given time.
· FFS the time scale
· FFS relation to DL BWP including initial Uu BWP
· FFS relation in terms of frequency location and bandwidth
In this contribution, SL BWP configuration and SL BWP operation for NR V2X sidelink are discussed.
Discussion
Relation between SL BWP and Uu BWP
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]It was agreed that the configuration for SL BWP was separated from the Uu BWP. There is no need to define the relation with the DL BWP, including the initial Uu DL BWP for the FDD case. For the TDD case, sidelink communications are in UL resources and the coexistence of DL and sidelink communications are TDM. If the numerology of SL BWP is set to be the same as the DL BWP, there will be severe operating restrictions.. In addition, multiple DL BWPs can be configured, butonly one SL BWP is configured. If the active DL BWP is dynamically changed, the DL BWP switching will be restricted. Thus, DL and SL BWP should be kept separate.
Besides, in NR Uu, DL BWP and UL BWP are configured independently and RRC reconfiguration of any parameters related to BWP is supported. Furthermore, different numerologies scheduling (e.g., the numerology of PDCCH and the numerology of PUSCH) and different numerologies feedback (e.g., the numerology of PDSCH and the numerology of PUSCH/PUCCH) are supported in the specification. Therefore, similar as NR Uu, independent configurations of SL BWP and DL BWP including initial Uu BWP in a carrier are supported for a UE.
Proposal 1: The configuration of parameter values for a UE’s SL BWP has no dependency on the parameter values used for any DL or UL BWP.
[bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK25]For SL BWP, it was agreed that only one SL BWP is configured in a carrier for a NR V2X UE. When the SL BWP is configured, it is active and only can be re-configured. Therefore, there is no procedure to activate/deactivate SL BWP. Furthermore, for SL BWP and UL BWP operation, it includes two active BWP (SL BWP and active UL BWP) and a UE can use either both of them or one of them at a given time. 
Proposal 2: No procedure is defined to activate/deactivate the SL BWP.
SL BWP configuration
Simultaneous transmission of SL BWP and UL BWP
In Ad-Hoc 1901, it was agreed that the configuration for SL BWP was separated from the Uu BWP configuration signaling and that the UE was not expected to use different numerology in the configured SL BWP and active UL BWP in the same carrier at a given time. However, the question of whether a UE can simultaneously transmit UL and SL needs to be answered.  Two options can be considered: 
· Option 1: a UE can transmit UL and SL simultaneously in the same carrier
· Option 2: a UE can NOT transmit UL and SL simultaneously in the same carrier
Option 1 has shorter delay than option 2. In addition, 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 with option 2, only 10% of the slots can be used for UL with option 1, as opposed to 25% for option 1. This gives option 1 an advantage in terms of latency.. With mini-slot data scheduling for option 2, the delay problem is partly avoided, but some additional issues need to be solved, such as increased AGC overhead and TX-RX switching time. In addition, the Uu UL performance would be affected. 
In addition, in actual deployment, there is a limited number of UL slots (e.g., 20% of the resources for a 4:1 DL-UL configuration). Option 1 keeps all slots available for time domain UL resources. This is illustrated in Figure 1, for supporting option 1, 20% of resources can be still used for UL transmission. Whereas if only supporting option 2 with slot level TDM, one half of UL slots are not available for UL transmission. For option 2 with mini-slot level TDM, the available symbols for UL transmission are reduced and only mini-slot scheduling can be used for UL and SL transmission as shown in Figure 1. Mini-slot transmission comes at a cost of additional overhead since AGC symbols and guard symbols need to be added, therefore might not always been applicable. Consequently, it is desirable to use option1.

[image: ]
[bookmark: _Ref536625396][bookmark: _Ref3194887]Figure 1. Simultaneous/non-simultaneous UL-SL transmission
Option 1 is easy to implement. 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 analyses are 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

	Inband 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 3: 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.
Non-simultaneous transmission of SL BWP and UL BWP
When the SL BWP and the UL BWP have different numerologies, it was agreed that UE was not expected to use both BWPs at a given time, with a remaining FFS on the time scale. For UL, the scheduling granularity can be mini-slot, slot, or multiple slots. Therefore, there are three options for time scale as follows:
· Option 1: Switch between UL/SL transmission at symbol level (multiple symbols, mini-slot)
· Option 2: Switch between UL/SL transmission at single slot level
· Option 3: Switch between UL/SL transmission at multiple slots level
 [image: ] 
[bookmark: _Ref3194921]Figure 2. Time scale of UL-SL BWP switching with different numerologies
For option 1, mini-slot scheduling for SL should be supported. This requires a higher UE complexity than option 2. For option 3, multiple slot level time scale means that low latency requirements may not always be guaranteed. Slot level switching is a good tradeoff between low latency and UE implementation. 
Proposal 4: At least slot level time scale for using different numerology of SL BWP and UL BWP in the same carrier for a given UE is supported.
The configuration for SL BWP is separated from the Uu BWP configuration. The	UE uses the same numerology in the configured SL BWP and active UL BWP in the same carrier at a given time. When the SL BWP and UL BWP use different frequencies, there might be an RF switching delay in some case, when a single RF chain is used.  
For the single TX chain case, unlike the BWP switching in NR Uu, the switching between SL transmission and UL transmission occurs frequently. If the values of BWP switching delay in NR Uu are reused, the overhead would be prohibitively high. Thus, it is desirable to achieve low, or zero switching delay as often as possible.  Based on the NR Uu design, UE can report the RF bandwidth capability. There are two possibilities (illustrated in Figure 3):
· Both the UL and SL BWP can fit within the UE RF bandwidth
· The UL and SL BWPs do not fit within the RF bandwidth
For the second case, there is a switching delay since the UE has to retune where it sets its center frequency. However, for the first case, the UE does not switch to retune, and zero-delay switching between the UL and SL BWP is possible.[image: ]
[bookmark: _Ref3379273]Figure 3. 0 ms switching delay for UL transmission and SL transmission
Proposal 5: A UL-SL transmission switching time of zero is supported when UL and SL transmissions are:
· In different Tx chains; and/or
· Both within the UE’s RF bandwidth.
SL BWP operation
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Based on the above SL BWP configuration, the SL BWP operation procedures are discussed in this section.
Cell specific, dedicated and pre-configured SL BWP
Only one SL BWP is (pre)configured for RRC idle UEs or out of coverage NR V2X UEs in a carrier. For RRC connected UEs, only one SL BWP is active in a carrier. With the working assumption now confirmed, only one SL BWP is configured in a carrier for a NR V2X UE [2]. In this section, the determination of the UE SL BWP is discussed for out of coverage UEs and in coverage UEs.
SL BWP for out of coverage UEs
Similar as for LTE, the resource pools have to pre-configured for out of coverage UEs. Therefore, pre-configured SL BWP definition must be supported.
SL BWP for in coverage UEs
For in coverage UEs, UE can be in idle, inactive, or connected mode. For idle and inactive UEs, cell specific SL BWP and related resource pools that are configured by SIB can be used, and the bandwidth of cell specific SL BWP should be supported by all NR V2X UEs. For RRC connected UEs, if there is no SL BWP reconfiguration by UE-specific RRC signaling, the cell specific SL BWP is used.
In order to improve the performance for different scenarios and services, multiple numerologies are supported in NR V2X. For different latency and reliability requirements of scenarios and services for the UE, numerology for SL transmission should be flexibly configured. Thus, UE-specific RRC signaling for reconfiguring SL BWP is required, i.e. dedicated SL BWP configured by UE-specific RRC signaling should be supported in NR V2X.
Proposal 6: Define pre-configured SL BWP, cell specific SL BWP, and dedicated SL BWP in NR V2X.
· Pre-configured SL BWP is used by out of coverage UEs.
· Cell specific SL BWP or dedicated SL BWP is used by in coverage UEs.
How gNB and transmitting UE know the available resource pool for sidelink communication
Considering that the dedicated SL BWP is configured by the gNB for sidelink communication, in order to make sure that receiving UE can receive the sidelink signal transmitted by transmitting UE, the available resource pool (such as overlapped resource pool of transmitting UE and receiving UE) should be known by both the gNB and the  transmitting UE.
For mode 1, the Tx resource pool for sidelink transmission can be indicated by the gNB. The transmitting UE can use the indicated resource pool as available resource pool, and the transmitting UE does not need to know the SL BWP of receiving UE(s).
[bookmark: OLE_LINK20][bookmark: OLE_LINK21]For mode 2, the receiving and transmitting UEs must be aware of each other’s transmit/receive pool.  The transmitting UE should transmit in resources that overlap with the receive UE’s SL BWP, as shown in Figure 4. For example, for unicast and groupcast, the overlapped available resource pool(s) can be determined by the information exchange between transmitting UE and receiving UE(s).
[image: ]
[bookmark: _Ref3305854]Figure 4. Overlapped resource pool(s) of transmitting UE and receiving UE
For broadcast communication, the common resource pool(s) can be used as the available Tx resource pool(s) and all UEs can receive the broadcast messages [3]. 
Proposal 7: The following mechanisms are used to determine the available resource pool(s) for SL communication:
· For mode-1 unicast/groupcast communication, the gNB provides the transmitting UE with the SL resource pool to use.
· For mode-2 unicast/groupcast communication, the transmission occurs on resources overlapping the SL BWPs of both the TX and RX UEs.
· For broadcast transmission (mode-1 and mode-2), a common resource pool is used.
Conclusions
This contribution has provided our views on SL BWP configuration and SL BWP operation for NR V2X:
Proposal 1: The configuration of parameter values for a UE’s SL BWP has no dependency on the parameter values used for any DL or UL BWP.
Proposal 2: No procedure is defined to activate/deactivate the SL BWP.
Proposal 3: 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 4: At least slot level time scale for using different numerology of SL BWP and UL BWP in the same carrier for a given UE is supported.
Proposal 5: A UL-SL transmission switching time of zero is supported when UL and SL transmissions are:
· In different Tx chains; and/or
· Both within the UE’s RF bandwidth.
Proposal 6: Define pre-configured SL BWP, cell specific SL BWP, and dedicated SL BWP in NR V2X.
· Pre-configured SL BWP is used by out of coverage UEs.
· Cell specific SL BWP or dedicated SL BWP is used by in coverage UEs.
Proposal 7: The following mechanisms are used to determine the available resource pool(s) for SL communication:
· For mode-1 unicast/groupcast communication, the gNB provides the transmitting UE with the SL resource pool to use.
· For mode-2 unicast/groupcast communication, the transmission occurs on resources overlapping the SL BWPs of both the TX and RX UEs.
· For broadcast transmission (mode-1 and mode-2), a common resource pool is used.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[1] “RAN1 Chairman’s notes of #AdHoc1901”, Taipei, 21st – 25th January, 2019.
[2] R1-1904687, “Frame and slot structure for sidelink”, Huawei, HiSilicon, RAN1 #96bis, Xi’an, China, April 8-12, 2019
[3] R1-1903943, “Sidelink physical layer structure for NR V2X”, Huawei, HiSilicon, RAN1 #96bis, Xi’an, China, April 8-12, 2019

image3.png
00

WpIvpUEd 4y

e

N
|

Yipimpueq Ly

L
|

P
Rl
g
3

3
=
=3
F
T

00

YPIVPUEG Sy

e

SL Trapsmission

Option 2

<uipimpueq 4y

L

YIpIMpUEq 43+





image4.png
00

SL pWP of
transrhitting UE

SILBWP of

re

iving UE

Dedicated resource pool #1

Overlapped resource pool(s)

Dedicated resource pool #2

Dedicated resource pool #3




image1.png
foBBlF ufDiD D F U

Option 1 UL and SL

transmission

UL and SL
transmission

B DD F ulD D D F

Option 1

Db b D F b D F

X

Option 2 UL Tx UL Tx
———5 slots delay for SL—»
SLTX SLTX

P D D F W D D D F

Option 2 with slot
scheduling

DL-UL: 41 —» 81

'pD. D F uUlD D D F

Option 2 with mini- A.w
Affect the performance

slot scheudling
Less UL resource ¢ pSCH/PUCCH/SRS

Low latency transmission

Less performance loss to Uu





image2.emf
U

slot

UL SL

Option 1

U

slot

UL SL

Option 2

U U

slot

UL SL

Option 3

U U U

Multiple slots Multiple slots

RF switching


