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1 Introduction

In the RAN1#94bis meeting, RAN1 sent a LS to RAN2 in R1-1812058:

· For Uu for advanced V2X use cases, NR supports having multiple active UL configured grants in a given BWP in a given cell. Details FFS
In this contribution, we discuss the techniques of multiple UL SPS.
2 Discussion
2.1 Multiple UL SPS in LTE
In LTE-V2X, multiple UL SPS was introduced.

SPS-Config-v1430 ::=
SEQUENCE {


ul-SPS-V-RNTI-r14




C-RNTI




OPTIONAL,


-- Need OR

sl-SPS-V-RNTI-r14




C-RNTI




OPTIONAL,


-- Need OR


sps-ConfigUL-ToAddModList-r14

SPS-ConfigUL-ToAddModList-r14
OPTIONAL,
-- Need ON


sps-ConfigUL-ToReleaseList-r14

SPS-ConfigUL-ToReleaseList-r14
OPTIONAL,
-- Need ON

sps-ConfigSL-ToAddModList-r14

SPS-ConfigSL-ToAddModList-r14
OPTIONAL,
-- Need ON


sps-ConfigSL-ToReleaseList-r14

SPS-ConfigSL-ToReleaseList-r14
OPTIONAL
-- Need ON

}

The main objective of the multiple UL SPS is to handle the different time pattern of periodical traffic. Considering it is based on the SPS V-RNTI, one question is whether the SPS is used to carry V2X traffic only or not. It was agreed at RAN2#98 that
=>
Clarify in specifications, that multiple SPS configurations can be supported only by UEs capable of V2X communication, regardless of the specific LTE service they are operating.

I.e., actually all types of traffic can be carried by SPS V-RNTI based SPS.

Observation 1 LTE-V2X introduced the SPS V-RNTI based multiple UL SPS, which however can be used to carry all types of traffic, i.e., V2X and non-V2X related traffic.
In LTE-HRLLC, multiple UL SPS was introduced

SPS-Config-v1530 ::=
SEQUENCE {


semiPersistSchedC-RNTI-r15

C-RNTI





OPTIONAL,


-- Need OR


sps-ConfigDL




SPS-ConfigDL



OPTIONAL,


-- Need ON


sps-ConfigUL-STTI-ToAddModList-r15
SPS-ConfigUL-STTI-ToAddModList-r15
OPTIONAL,
-- Need ON


sps-ConfigUL-STTI-ToReleaseList-r15
SPS-ConfigUL-STTI-ToReleaseList-r15
OPTIONAL,
-- Need ON

sps-ConfigUL-ToAddModList-r15

SPS-ConfigUL-ToAddModList-r15

OPTIONAL,
-- Need ON


sps-ConfigUL-ToReleaseList-r15

SPS-ConfigUL-ToReleaseList-r15

OPTIONAL
-- Need ON
}

The main objective of the multiple UL SPS is to ensure the UL transmission can start as soon as the data arrives. This UL SPS is based on the SPS C-RNTI, and can be used to carry all types of SPS as well.
Observation 2 LTE HRLLC introduced the SPS C-RNTI based multiple UL SPS, which can be used to carry all types of traffic as well.

So in short, on the one hand, the SPS V-RNTI and SPS C-RNTI based UL SPS configuration are very much the same (although the former one can enable 8 process but the latter one only enable 6 process, but the configuration of each UL SPS is based on the same IE as follows).

· SPS-ConfigUL-ToAddModList-r14 ::= SEQUENCE (SIZE (1..maxConfigSPS-r14)) OF SPS-ConfigUL
· SPS-ConfigUL-ToAddModList-r15 ::= SEQUENCE (SIZE (1..maxConfigSPS-r15)) OF SPS-ConfigUL
On the other hand, both SPS V-RNTI and SPS C-RNTI based on UL SPS can carry all types of traffic. So the functionality are very much duplicated for a V2X-capable UE.

Observation 3 The functionality of SPS V-RNTI and SPS C-RNTI based multiple SPS are duplicated.
Considering the redundancy, LTE even introduce the condition to avoid duplicated configuration of SPS V-RNTI based SPS configuration and SPS C-RNTI based SPS configuration.
	SPS
	The field is optionally present, need ON, if sps-Config (without suffix) is not configured; otherwise it is not present.

	SPS2
	The field is optionally present, need ON, if sps-Config-r12 is not configured; otherwise it is not present.


Observation 4 LTE define configuration condition to avoid duplicated configuration of SPS V-RNTI based and SPS C-RNTI SPS.
2.2 Multiple UL SPS in NR
In the current NR MAC spec, multiple UL SPS per BWP is not allowed

Type 1 and Type 2 are configured by RRC per Serving Cell and per BWP. Multiple configurations can be active simultaneously only on different Serving Cells. For Type 2, activation and deactivation are independent among the Serving Cells. For the same Serving Cell, the MAC entity is configured with either Type 1 or Type 2.

Similar to the case in LTE, on the one hand, NR-V2X raise the need of multiple SPS, and on the other hand, NR-URLLC also raise the need of multiple SPS, as discussed in RAN1

· To study further from at least the following:
· Option 1: multiple active configured grant configurations for a BWP of a serving cell

· Option 2: repetition(s) across the boundary of a period P

· Option 3: one transmission cross boundary of a period P 

So it would be preferred to avoid the similar duplication issue in LTE-V2X and LTE-HRLLC. 
Observation 5 Similar to LTE, multiple SPS is being studied by both NR-V2X and NR-URLLC.
There could be two ways to handle it:
1) In NR-V2X, define CS-RNTI based multiple UL SPS, which is at least configurable to V2X-capable UE. If later, NR-URLLC agrees on the multiple UL SPS as well, it is simply extending the configurability to V2X-incapable UE. Anyway, for both case, CS-RNTI based UL SPS can carry different types of traffic.

2) In NR-V2X, define a new RNTI for UL SPS, specifically for V2X UE, e.g., CS-V-RNTI, which is only configurable to V2X-capable UE. And in order to differentiate it from CS-RNTI based UL SPS (no matter NR-URLLC agrees on multiple UL SPS), one restrict the CS-V-RNTI based UL SPS to carry the V2X traffic only, e.g., by configuring a LCH to be ‘CS-V-RNTI allowed’.
Observation 6 Considering the existing CS-RNTI based UL SPS in NR-V2X, a LTE-like SPS V-RNTI based UL SPS may cause similar redundancy issue.

Considering all the hacks we did in LTE, approach-1 above seems to be an easier solution.
Proposal 1 RAN2 agrees on multiple UL SPS based on CS-RNTI.
Or if RAN2 pursue a new RNTI for the V2X UL SPS, RAN2 has to considering the issue of how to coordinate between the CS-RNTI based UL SPS and the new CS-V-RNTI based UL SPS – in LTE, RRC spec restrict the simultaneous configuration of the two. But as analysed above, since the two are actually defined using same ASN.1 code, and can carry all types of traffic in the same way, this differentiation is simply meaningless. Unless RAN2 define one way to differentiate the data that can be carried by CS-RNTI and CS-V-RNTI.
Proposal 2 If RAN2 agrees on multiple UL SPS as required by RAN1 based on a new RNTI (e.g., CS-V-RNTI), RAN2 clarify how to coordinate between the UL SPS for the two RNTI, i.e., CS-RNTI and CS-V-RNTI, i.e., whether / how one needs to differentiate the data to be carried by CS-RNTI and CS-V-RNTI.
Furthermore, when RAN1 requires the multiple UL SPS in NR, there are the following aspects to specify:
· Whether to limit it to SpCell or applicable to all cells;

· How many SPS configurations need to be supported;

Considering the two aspects, there could be two way-out:

1) Similar to LTE-V2X: Limit the multiple SPS to PCell and PSCell, and one restrict the maximum number of SPS configuration on PCell and PSCell. And the UE is mandatory to support the said maximum number of SPS configuration;

2) Similar to LTE-HRLLC: Do not limit the multiple SPS to PCell/PSCell, but applicable to all serving cell. But on top of that, define a UE capability w.r.t. the maximum number of multiple SPS configurations of subframe PUSCH across cells


pusch-SPS-MultiConfigSubframe-r15

INTEGER (0..6) 



OPTIONAL,



pusch-SPS-MaxConfigSubframe-r15


INTEGER (0..31) 


OPTIONAL,


pusch-SPS-MultiConfigSlot-r15


INTEGER (0..6)  


OPTIONAL,



pusch-SPS-MaxConfigSlot-r15



INTEGER (0..31) 


OPTIONAL,


pusch-SPS-MultiConfigSubslot-r15

INTEGER (0..6)  


OPTIONAL,



pusch-SPS-MaxConfigSubslot-r15


INTEGER (0..31) 


OPTIONAL,
Both approaches are applicable. Anyway, the capability issue is more up to stage-3 design in WI stage.

Proposal 3 RAN2 to discuss whether to limit the multiple SPS to SpCell.

3 Conclusion
Based on the discussion in section 2, we observe

Observation 1
LTE-V2X introduced the SPS V-RNTI based multiple UL SPS, which however can be used to carry all types of traffic, i.e., V2X and non-V2X related traffic.
Observation 2
LTE HRLLC introduced the SPS C-RNTI based multiple UL SPS, which can be used to carry all types of traffic as well.
Observation 3
The functionality of SPS V-RNTI and SPS C-RNTI based multiple SPS are duplicated.
Observation 4
LTE define configuration condition to avoid duplicated configuration of SPS V-RNTI based and SPS C-RNTI SPS.
Observation 5
Similar to LTE, multiple SPS is being studied by both NR-V2X and NR-URLLC.
Observation 6
Considering the existing CS-RNTI based UL SPS in NR-V2X, a LTE-like SPS V-RNTI based UL SPS may cause similar redundancy issue.


And thus we propose:
Proposal 1
RAN2 agrees on multiple UL SPS based on CS-RNTI.
Proposal 2
If RAN2 agrees on multiple UL SPS as required by RAN1 based on a new RNTI (e.g., CS-V-RNTI), RAN2 clarify how to coordinate between the UL SPS for the two RNTI, i.e., CS-RNTI and CS-V-RNTI, i.e., whether / how one needs to differentiate the data to be carried by CS-RNTI and CS-V-RNTI.
Proposal 3
RAN2 to discuss whether to limit the multiple SPS to SpCell.
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