3GPP TSG RAN WG1 Meeting #94bis	R1-1810146
Chengdu, China, October 8-12, 2018 

Agenda Item:	7.2.4.5
Source:	Huawei, HiSilicon
Title:	Discussion on co-existence for NR-V2X and LTE-V2X
Document for:	Discussion and Decision

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
For this study item, the SID has captured the following objective for in-device existence [1]:
6:  Coexistence [RAN1]:  
· In-device coexistence: Study the feasibility of the coexistence mechanisms when NR sidelink and LTE sidelink technologies are equipped in the same vehicle for the ‘not co-channel’ scenario: 
· Advanced V2X services provided by NR sidelink coexisting with V2X service provided by LTE sidelink in different channels (i.e., not co-channel).  Not co-channel could include both adjacent channel and channels that are sufficiently far apart.

NOTE: It is assumed that any coexistence requirements and mechanisms of NR sidelink with non-3GPP technologies will not be defined by 3GPP. 

The following agreements were achieved in the last meeting [2], which are taken within the framework/assumption of the non-cochannel case in SID:
For the study of LTE-V2X and NR-V2X sidelink co-existence, at least the following scenarios are considered from the UEs perspective: 
· LTE sidelink and NR sidelink do not have any coordinated procedures
· LTE sidelink and NR sidelink have coordinated procedures and half-duplex constraints are assumed
· RAN1 will focus on this scenario in the SI

RAN1 focus on at least the following potential solutions for coexistence at least until the next meeting: 
· TDM of LTE V2X and NR V2X sidelink transmissions
· FDM of LTE V2X and NR V2X sidelink transmissions

In this contribution, we discuss the potential non-cochannel coexistence mechanisms for the coordinated procedure case.

Discussion on non-cochannel co-existence for NR-V2X and LTE-V2X
[bookmark: _Ref525658238]General considerations
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Figure 1. LTE-V2X and NR-V2X arranged in a coordinated way
When a UE supports both LTE-V2X and NR-V2X, there can be different degrees of in-device coexistence. The coordination between the two systems could be either dynamic or static. With dynamic coexistence, when the UE has to transmit a packet on a system (e.g., LTE-V2X), measures are taken on the other system on the neighboring carrier (e.g., NR V2X).  With static co-existence, the resources between LTE-V2X and NR-V2X are partitioned on a long-term basis, and individual packet transmissions follow the static resource allocation.
In theory, dynamic resource allocation may potentially provide higher resource efficiency. However, achieving dynamic resource allocation is difficult:
· It requires a lot of information exchange between the LTE-V2X and NR-V2X modules. If the two systems are deployed within the same chipset, this is not necessarily an issue, but if two different chipsets are used, this puts severe constraints on the implementation. For example as shown in Figure 1, if LTE-V2X and NR-V2X use two separate modules, the LTE-V2X chipset will output some internal information to NR-V2X modules. Fast data exchange transfer is needed between the two models. This would imply 3GPP specifications putting severe constraints on the LTE-V2X and NR-V2X chipset implementations. 
· It may interfere with HARQ processes: for instance, a HARQ retransmission on the NR-V2X system may be blocked by an LTE-V2X transmission. While not technically unsolvable, this would require significant standard works for HARQ, for transmission of packets with different priority, etc.
· It may interfere with the LTE-V2X sensing procedure: a UE must listen to the medium for a given time (1s). If there are interruptions due to dynamic NR-V2X transmissions, sensing will be affected. The resources where sensing was not performed can be marked as ‘occupied,’ but this will affect LTE-V2X performance. This is especially true if there are a lot of NR-V2X transmissions. On the other hand, with static allocation, the impact on sensing can be minimized. The LTE-V2X chipset needs to adjust its behavior, which requires modifications of the existing LTE-V2X chipset design and LTE specification work for Rel-16. 

Based on this analysis, we propose the following:
Proposal 1: Coexistence between NR-V2X and LTE-V2X assumes a static configuration of non-cochannel carriers.

FDM/TDM coexistence
As agreed at RAN1#94, both TDM and FDM coexistence are considered. In this section, we discuss both.
FDM coexistence
As discussed in our previous contribution[3], there are half-duplex issues between NR-V2X and LTE-V2X. If carriers are adjacent or close to each other, when the UE transmits on one system, it cannot receive on the other one. Thus, for coexistence within the same band, the UE must either transmit at the same time for both systems, or risk losing a packet reception on one system when the UE is transmitting on the other system to another UE. 
Ensuring simultaneous transmissions on both systems is hard to achieve, especially if the two systems use different methodologies. In addition, it puts a lot of operational constraints on both systems. Thus, this solution seems hard to achieve in practice. Risking losing a packet reception on one system when the other is transmitting would severely affect system reliability. Essentially, it amounts to an amplified half-duplex problem. In addition, latency would suffer since a packet transmission on one system may be postponed if the time slot is due for reception on the other system. Consequently, we propose not to support FDM between two systems in the same band.
Proposal 2: When LTE-V2X and NR V2X share the same band but not the same carrier, do not support FDM coexistence.
When the two systems do not share the same band, FDM coexistence might be possible. However, this problem is not a RAN1 issue, and should be addressed by RAN4. We thus propose to send an LS to RAN4 to ask them to study the necessary frequency separation between two carriers with a different system deployed on each carrier.
Proposal 3: Send an LS to RAN4 to ask them to study the necessary frequency separation between an NR-V2X and LTE-V2X channel in order to support FDM coexistence.

TDM coexistence
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Figure 2. LTE-V2X and NR-V2X arranged in a TDM way
As explained in Section 2.1, static configuration of non-cochannel carriers for the two systems is preferred. When TDM is used, the sidelink timing for both systems should be aligned.
Proposal 4: The sidelink timing between NR-V2X and LTE-V2X is aligned when the two systems coexist in a TDM manner.

Conclusion
In this contribution, we discussed the in-device coexistence issue between LTE-V2X and NR-V2X. The following is proposed:  
[bookmark: _GoBack]Proposal 1: Coexistence between NR-V2X and LTE-V2X assumes a static configuration of non-cochannel carriers.
Proposal 2: When LTE-V2X and NR V2X share the same band but not the same carrier, do not support FDM coexistence.
Proposal 3: Send an LS to RAN4 to ask them to study the necessary frequency separation between an NR-V2X and LTE-V2X channel in order to support FDM coexistence.
Proposal 4: The sidelink timing between NR-V2X and LTE-V2X is aligned when the two systems coexist in a TDM manner.

References
[bookmark: _Ref525804019][bookmark: _Ref525656733][bookmark: _Ref520448007][bookmark: OLE_LINK3][bookmark: _Ref513023823][bookmark: _Ref509941210]RP-182111, “Revised SID: Study on NR V2X”, LG Electronics, RAN#81, Sep., 2018.
[bookmark: _Ref525804233]Chairman notes, RAN1#94, August, 2018.
[bookmark: _Ref525814508]R1-1808941, “Discussion on co-existence for NR V2X and LTE V2X”, Huawei, HiSilicon, RAN1#94, August, 2018.
[bookmark: _Ref520211301][bookmark: _Ref520561142]TS 36.101
image1.emf
 

LTE-V2X chipset works in CC1

CC2

CC1

NR-V2X chipset works in CC2

T

x

Tx Tx Tx Tx

T

x

T

x

T

x

T

x

T

x

T

x

T

x


image2.emf
 

NR

LTE

LTE-V2X transmission@channel1

NR-V2X transmission@channel2

LTE

LTE

NR


