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1. Introduction
Rel-18 NR SL evolution WI was approved with latest WID in [1] and the WF [2] was approved in last RAN4 meeting. This paper will discuss the SL-U concurrent operations.

	[bookmark: _Hlk127797312]Issue 1-3: Single carrier SL-U operation and then add combinations for concurrent operation based on company inputs.
Proposals Option 1: Focus first on defining the requirements for single carrier SL-U operation and then add combinations for concurrent operation based on company inputs. (Meta, LGE, vivo, Huawei)
Proposed way forward: FFS
Issue 1-4-1: Concurrent operation on Uu@Licensed and SL@Un-licensed
Agreement: Inter-band combinations for concurrent operation for Uu @Licensed and SL @Un-licensed are to be studied based on company inputs. In order to meet the WI objectives and schedule it is requested that combinations are decided in the next RAN4 meeting.
· One example band combination is needed. FFS on which band combination is chosen.
Issue 1-4-2: Concurrent operation on Uu@Un-licensed and SL@Un-licensed
Proposals
· Option 1: Study inter- and intra-band combinations for Uu @Un-Licensed and SL @Un-Licensed (both on un-licensed band) as 2nd priority only
· Option 2: Not support intra-band combination for Uu @Un-Licensed and SL @Un-Licensed in NR SL evolution WI



2. Discussion
2.1 Band combinations
Uu+ SL concurrent operation is an important working scenario which has been discussed in Rel-17 V2X. And in Rel-17 concurrent operation, the uu is always in licensed band, while the SL is limited to either ITS band n47 for inter-band combination or limited to n79 for intra-band combination.
[bookmark: _Hlk126086284]In the R18 SL WID, it is clear that “Uu operation for mode 1 is limited to licensed spectrum only”, which means only the uu at licensed band can configure the resources for SL and it excludes the NR-U as the anchor cell of SL. 
In RAN4, there was many discussions on the meaning of concurrent operation and has given the definition in the spec. However, still it is unclear whether the concurrent operation means the uu cell is the cell that configures SL resource pool or can be a cell without any relation to the SL because current definition is only about the service of each link. If we interpret the concurrent operation defined in RAN4 as the scenario of uu is the serving cell of SL, then we only need to consider the uu at licensed band in Rel-18 SL-U according to the WID.
[image: ]
Observation 1:   Uu operation for mode 1 is limited to licensed spectrum only, which excludes the scenario of NR-U as the serving cell of SL.
Proposal 1:         Only consider the scenario of uu @ licensed band and SL @unlicensed band in the uu+SL concurrent operation.

Regarding which specific band combination will be specified in this WI, according to the WID it should be requested by companies, especially operators, however, the band combinations to be covered should limit to a small number as this is a non-spectrum WI and more bands/band combinations can be added later via basket WIs. 
Proposal 2:         Define limited number of example band combination for uu+SL concurrent operation based on deployment demands with applicable CBWs.
2.2 Tx power
[bookmark: _Hlk126088951]In current spec, the inter-band uu+SL concurrent operation defines power class for each band but no total power restriction. And the power class is PC3 for both uu band and ITS band n47.
[bookmark: _Hlk126089034]Following the same approach, uu at licensed band + SL-U can also work with separate power classes for each branch. Considering it was agreed the power class for SL-U single CC is PC3, the concurrent power class combination would be PC3/PC2@uu + PC3@SLU. And the exact power class for uu licensed band can be determined after the example band combination is clear.
Proposal 3:         For uu@licensed + SL@unlicensed band combination, the targeted power class is PC3 at unlicensed band, and the power class for licensed band is FFS.
2.3 MPR/AMPR
For inter-band concurrent transmission, the MPR and AMPR reuses the NR uu and NR V2X requirements. This principle can be applied to NR uu + SLU.
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Figure 1 MPR/AMPR for inter-band concurrent operation in Rel-17

Proposal 4:         MPR/AMPR of NR uu and NR V2X are reused for uu@licensed + SL-U concurrent transmission.
2.4 Pcmax
The Pcmax of inter-band concurrent transmission defined in Rel-17 considered the total power limitations which was defined as SUM of Tx power from both bands when Tx time is overlapped. And there is no total power class defined and no dependent MPR/AMPR, etc. Same approach can also be applied for the SL-U inter-band concurrent transmission.
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Figure 2 Pcmax for inter-band concurrent operation in Rel-17

Proposal 5:         Pcmax of SL-U inter-band current transmission can follow the same approach as Rel-17 approach, i.e. defined as the SUM of Pcmax from each band.

[bookmark: _Hlk131778795]2.5 UE coexistence
New UE coexistence requirements are defined for the inter-band concurrent transmission as below figure 3. These requirements are applied under the condition of both uu band and V2X band are transmitting simultaneously. For the SLU inter-band concurrent transmission, corresponding UE coexistence requirements are also need to be defined after the targeting band combination is clear.
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Figure 3 UE coexistence for inter-band concurrent operation in Rel-17

Proposal 6:         UE coexistence requirements of SL-U inter-band current transmission can be defined after the targeting band combination is clear.
2.6 MSD
MSD were also defined specifically for inter-band concurrent transmission in Rel-17 as below figure 4. Based on the targeting SL-U inter-band concurrent transmission band combinations, the MSD can also be further considered if necessary.
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Figure 4 MSD for inter-band concurrent operation in Rel-17

Proposal 7:         MSD of SL-U inter-band current transmission can be defined after the targeting band combination is clear.
2.7 Other Requirements
[bookmark: _Hlk131779412]Most of other requirements in Rel-17 are defined based on the approach of reusing NR uu requirements and NR V2X single band requirements for corresponding V2X inter-band concurrent transmission. For these requirements same approach can be applied also to uu@licensed band + SLU concurrent transmission. 
These Tx requirements include: Power control/Min and OFF power/ ON/OFF time mask/Freq Error /EVM / Carrier leakage/CBW/ACLR/IBE/SEM/ ASEM/Tx IMD
These Rx requirements include: Max input level /ACS/IBB/OBB/Spurious response/Wide band IMD
Proposal 8:         The approach of reusing NR uu and SL-U requirements for inter-band concurrent transmissions can be applied to below requirements:
· Power control, Min and OFF power, ON/OFF time mask, Freq Error, EVM, Carrier leakage, CBW, ACLR, IBE, SEM, ASEM, Tx IMD
· Max input level, ACS, IBB, OBB, Spurious response, Wide band IMD

2.8 Requirements not defined
It is noticed that in Rel-17, the general spurious emission, additional spurious emission and narrow band blocking requirements were not defined in the spec.

[bookmark: _Hlk131780595]For SL-U the narrow band blocking requirement is not needed considering there is no such blocking scenarios in unlicensed spectrum. Therefore, for SL-U inter-band concurrent transmission this requirement is also not needed.

[bookmark: _Hlk131780605][bookmark: _Hlk131780618]The general spurious emission in current spec is defined as below figure 5. It can be seen that the spurious requirements are defined only under the condition of non-concurrent transmission between NR uu and NR V2X. Therefore, for the inter-band concurrent SL-U, no general spurious emissions are required either. Same logic is for additional spurious emission requirements.
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Figure 5 Spurious emissions for inter-band concurrent operation in Rel-17

Proposal 9:         Narrow band blocking and General spurious emission and Additional spurious emission are not defined for SL-U inter-band concurrent operation.
3. Conclusions
In this contribution, the inter-band concurrent operation of SL-U are analyzed, and get the following observations and proposals.
Observation 1:   Uu operation for mode 1 is limited to licensed spectrum only, which excludes the scenario of NR-U as the serving cell of SL.

Proposal 1:         Only consider the scenario of uu @ licensed band and SL @unlicensed band in the uu+SL concurrent operation.

Proposal 2:         Define limited number of example band combination for uu+SL concurrent operation based on deployment demands with applicable CBWs.

Proposal 3:         For uu@licensed + SL@unlicensed band combination, the targeted power class is PC3 at unlicensed band, and the power class for licensed band is FFS.

Proposal 4:         MPR/AMPR of NR uu and NR V2X are reused for uu@licensed + SL-U concurrent transmission.

Proposal 5:         Pcmax of SL-U inter-band current transmission can follow the same approach as Rel-17 approach, i.e. defined as the SUM of Pcmax from each band.

Proposal 6:         UE coexistence requirements of SL-U inter-band current transmission can be defined after the targeting band combination is clear.

Proposal 7:         MSD of SL-U inter-band current transmission can be defined after the targeting band combination is clear.

Proposal 8:         The approach of reusing NR uu and SL-U requirements for inter-band concurrent transmissions can be applied to below requirements:
· Power control, Min and OFF power, ON/OFF time mask, Freq Error, EVM, Carrier leakage, CBW, ACLR, IBE, SEM, ASEM, Tx IMD
· Max input level, ACS, IBB, OBB, Spurious response, Wide band IMD

Proposal 9:         Narrow band blocking and General spurious emission and Additional spurious emission are not defined for SL-U inter-band concurrent operation.
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6.2E.2.3 MPR for Power class 2 and Power class 3 V2X con-current operation
For the[inter-band con-current]NR V2X operation, the allowed maximum power reduction (MPR) for the maximum

or Band n47.
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6.2E.3.4 A-MPR for V2X con-current operation

For the[inter-band con-current]NR V2X operation, the allowed additional maximum power reduction (A-MPR) for the
maximum output power shall be applied per each component carrier. The A-MPR requirements infclause 6.2.3 apply for

peration in licensed band, and the A-MPR requirements infclause 6.2E.3.2 and 6.2E.3.3 apply for NR sidelink

‘operation in Band n47.
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The total UE configured maximum output power Pcmax (p,) in a slot p of NR uplink carrier and a slot ¢ of NR V2X
sidelink that overlap in time shall be set within the following bounds for synchronous and asynchronous operation
unless stated otherwise:

Povax L (p.9) < Povax (2,9) < Povax n (p,q)
with
Pomax_L(p.q) = Pemax_Leng (p)
Pemax_ (2.9) = 10 logio [pesax_ e (2) + pemax_ter2x (9)]
where pemax .2y and pewax_iearare the limits Pevax_ier2x (q) and Pevax iz (p) expressed in linear scale.
The measured total maximum output power Puyax over both the NR uplink and NR V2X carriers is

Pumax = 10 logio [puma: +p

where pusax.c.vr denotes the measured output power of serving cell ¢ for the configured NR uplink carrier, and
Pumax..r2x denotes the measured output power for the configured NR V2X carrier expressed in linear scale.

When a UE is configured for synchronous V2X sidelink and uplink transmissions,
Pemax 1(p, ) — Trow (Pevax 1(p, 9)) < Pumax < Pemax u(p, ) + Tuicn (Pemax_n(p, )

where Peviax 1 (p,9) and Peviax 1 (p,q) are the limits for the pair (p,g) and with the tolerances Trow(Pcuax) and
Tuigu(Pemax) for applicable values of Pemax specified in Table 6.2E.4.1-1.. Povax 1 may be modified for any
overlapping portion of slots (p, ¢) and (p +1, g+1).
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Table 6.5E.3.3-1: Requirements for inter-band con-current V2X operation -
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Table 7.3E.3-3: Reference sensitivity exceptions (MSD) due to|cross band isolation|for Con-current

operation
Aggresso Aggresso SCS of Aggressor | Victim | Victim
. r?:gnd F r band Aggresso band RB band band | MSD
Aggress | Victim °| BW rband | Allocation Fe BW
or band band
(MHz) (MHz) (kHz) Lers (MHz) | (MHz) | (dB)
216
n79 n47 4980 40 15 (RBstart=0) 5860 10 33
50
n47 n79 5860 10 15 (RBstart=0) 4980 40 33

Table 7.3E.3-4: Reference sensitivity exceptions (MSD) due tointerference for Con-current

operation
SCS of Aggressor Victim
. A})ggr:sasv%r Aggressor band RB band | MSD uL/DL
Aggressor | Victim an band Allocation BW ULDLfe | o Cnic
band band condition order
(MHz) (kHz) Lers (MHz) | (dB)
nt na7 5 15 16 (RBstart=4) | 10 | 201 | NoTE2 | SLIDLE
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6.5E.3 Spurious emissions for V2X

6.5E.3.1 General spurious emissions

When UE is configured for NR V2X sidelink transmission{non-concurrentjwith NR uplink transmissions for NR V2X
operating bands specified in Table 5.2E.1-1, the general spurious emission requirements in clause 6.5.3.1 shall apply for
NR V2X sidelink transmission.

For NR V2X UE with two transmit antenna connectors, the requirements specified for single carrier shall apply to each
transmit antenna connector. The requirements shall be met with the SL MIMO configurations described in clause
6.2D.1.




image1.png
Con-current operation: The simultaneous transmi:
agnostic of the service used on each interface.

ion and reception of sidelink and Uu interfaces while operation is





