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1. Introduction
Coexistence issue is one discussion topic in the email discussion on the scope of Rel-16 NR V2X study item. The discussion point is summarized in the email discussion template as follows:
	Objective 6: Coexistence:
Moderator’s remark: 
1. During Phase1 of the email discussion, there was a majority support (16 out of 28 companies) to conduct only “not co-channel” coexistence mechanism during this Rel-16 study

1. However, there are multiple developments since RAN#79 that require discussing this point again in detail.
1. RAN#79 conclusion: conclusion: email discussion will continue to refine a SI scope (coexistence will be part of it)
1. As listed in Qualcomm’s contribution RP-180500, in Europe, there is a RSCOM mandate to study coexistence of CBTC (urban rail), ITS-G5 (802.11p based) and LTE V2X in 5.9GHz ITS band.   ETSI technical committees (RT JTFIR, ITS WG4, ERM TG37) are jointly preparing a technical report.  Interim Report is almost readyas of 15 May 2018.  Similarly, in USA, recent communication from FCC on considerations on sharing 5.9GHz band.  Overall, there are all ongoing developments that require discussions on 
1. Considerable interest from car OEMs to study ‘detailed’ coexistence mechanism
1. Considering that not all regions or deployment scenarios require such coexistence mechanisms, other scenarios are also included below.

Please note that I have updated the objective based on the comments in Phase 1 discussion. 
Proposed Objective 6:  Coexistence:  
· Study the feasibility of the coexistence mechanisms when NR sidelink and LTE sidelink technologies are equipped in the same vehicle for following scenarios:
0. Scenario with not co-channel: 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.
0. Scenario with Co-channel:  Advanced V2X services provided by NR sidelink coexisting with V2X services provided by LTE sidelink in common channel 
0. Scenario with detailed coexistence: Co-channel coexistence of NR sidelink and LTE sidelink in a common channel with potentially other non-cellular RATs (for e.g. based on IEEE 802.11p or CBTC (urban rail))
Note: Licensed band: Coexistence within the same carrier between LTE Uu and NR sidelink, between NR Uu and NR sidelinkare part of the NR Sidelink design.


This contribution provides more detailed views on the coexistence issue of NR V2X in Rel-16.

2. Discussions
As already noted in the email discussion template, there are ongoing discussions in the regional regulation and ITS organizations on how 3GPP V2X technologies will access the ITS spectrum. This discussion is not only for the technologies already available such as LTE V2X and IEEE802.11p but also taking future technologies like NR V2X into account. Therefore, the coexistence scope of NR V2X SI should be properly captured so that the access of NR V2X to the ITS spectrum can be well paved in the discussions currently ongoing in regional regulation/ITS organizations.
Proposal 1: The coexistence scope of NR V2X SI should be properly captured so that the access of NR V2X to the ITS spectrum can be well paved in the discussions currently ongoing in regional regulation/ITS organizations.

We first discuss the coexistence of LTE sidelink and NR sidelink (i.e., scenario a and b). The meaning of “co-channel” and “not co-channel” was discussed in the email reflector and one reasonable interpretation from 3GPP point of view is to understand “channel” as the frequency region covered by the system bandwidth. In this understanding, if a system uses resources which include a part of the system bandwidth of NR V2X system, it corresponds to the co-channel coexistence case. In other words, “not co-channel” would mean that no system uses a part of resources in the system bandwidth of NR V2X system.
Considering various usage of “resource pool” since the first version of sidelink in LTE, there seems no reason to discard the concept of resource pool at this moment in defining NR sidelink for V2X though no agreement is made yet. If resource pool is also defined in NR sidelink and all the NR sidleink transmissions can be limited to the resource pool by a proper (pre-)configuration, then co-channel coexistence of LTE sidelink and NR sidelink is automatically possible by separating the corresponding resource pools in RBs or TTIs. Thus, it does not make much sense to exclude co-channel coexistence of LTE and NR sidelinks “from the 3GPP specification viewpoint” while some regions may allocate separate channels for the two systems depending on the regional policy. One might even consider further optimized coexistence, e.g., by allowing more dynamic resource sharing between LTE and NR sildeinks, and whether such optimization is necessary or not can be further discussed.
Observation 1: Co-channel coexistence of LTE sidelink and NR sidelink is automatically possible by separating the corresponding resource pools in RBs or TTIs if resource pool is also defined in NR sidelink.

Clarifying this aspect can be important in the ongoing discussions in the regional regulation and ITS organizations. For example, that topic was discussed in the recent ETSI ERM TG37 meeting and some discussion took place with misunderstanding the possibility of co-channel coexistence of LTE and NR sidelinks, for example in [1];
“Within 3GPP a discussion was summarised in document RP-180426 (Link: http://www.3gpp.org/ftp/TSG_RAN/TSG_RAN/TSGR_79/Docs/RP-180426.zip). Simplified can be derived that within the 3GPP technology family also for V2X applications the NR should be used. The summary shows that a co-channel compatibility between NR and LTE should not be used as a work assumption. Rather, a separate available spectrum/frequency channel should be assumed.”
If 3GPP V2X family should be allocated with separate channels in the ITS spectrum, then the overall ITS spectrum access policy under limited total number of channels may become very complicated. Thus, we propose to make it sure that the NR V2X SID includes the co-channel coexistence of LTE and NR sidelinks while the level of optimization of this coexistence can be further discussed.
Proposal 2: NR V2X SID should include the co-channel coexistence of LTE and NR sidelinks while the level of optimization of this coexistence can be further discussed.

Then we discuss the co-channel coexistence of NR sidelink and other non-cellular RATs (i.e., scenario c). It is noted that the initial approved SID for Rel-14 LTE V2X was updated in order to add one more scope for the co-channel coexistence between LTE sidelink and non-cellular RATs [2] as follows:
	4) Identify high level coexistence approaches (long-term basis) between PC5 transport for V2V services and DSRC/IEEE 802.11p services in the same channel and provide input to RAN [RAN1] (to be completed by RAN#72).


RAN1 has conducted possible solutions for this and the findings were reported in [3], which basically said “the ideal option is when they use different frequency channels” but “RAN1 believes that other radio access technologies and LTE-based ITS transmissions on sidelink can co-exist; some standardization and/or regulatory actions need to be taken in other bodies in order to enable this.” Based on this, WID for Rel-14 LTE V2X made the following objective [4];
	4) To specify solution(s) facilitating long-term basis co-channel coexistence between DSRC/IEEE 802.11p and LTE PC5 for V2V operating over the same frequency channels [RAN1]
a) This objective starts from RAN#73 and target is to complete this by RAN#74. Solution(s) to be specified should avoid negative impact on the performance of LTE PC5.


[bookmark: _GoBack]The final RAN1 outcome was reported in [5], and the summary would be mutual detection of LTE sidelink and IEEE802.11p is possible if the devices are equipped with necessary functionalities. And RAN1 assumed the objective in [4] was fulfilled without additional RAN1 specification work as no more guidance was given by RAN. It is noted that now enhancements are under discussion in IEEE802.11 side [6], so this enhancement may also be included as other non-cellular technologies.
Observation 2: Co-channel coexistence of LTE sidelink and other non-cellular RATs had been considered in Rel-14. The conclusion was such coexistence is possible without additional specification work.

Recently, JTFIR agreed an LS to ECC regarding ITS mandate to study coexistence of rail and road ITS technologies, which includes the following as a possible solution [7]:
“The opinion of the RT JTFIR members is that an approach based on 20 MHz (5905-5925 MHz) prioritized for Urban Rail ITS and 30 MHz (5875-5905 MHz) prioritized for Road-ITS coupled with the well-defined technical interference mitigation measures might achieve the best trade-off between the avoidance of harmful interference, the avoidance of delays in deployment of both services according to industry needs and spectrum efficiency.”
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If such a solution is finally adopted, then a road-ITS technology which is not able to support co-channel coexistence with other systems may have a big drawback in terms of the overall ITS channel access (e.g., in accessing 5905 – 5925 MHz with interference mitigation measures). On the other hand, the time scale of co-channel coexistence of multiple technologies has not been decided yet, and to our understanding, the “long-term basis co-channel coexistence,” which was studied in Rel-14, is still on the table. Thus, instead of discarding the scenario of co-channel coexistence with other non-cellular technologies from the beginning, it would be desirable to consider at least long-term basis coexistence in Rel-16 NR V2X SI bearing the possibility that the same conclusion as Rel-14 may be drawn, i.e., such coexistence can be achieved without specific 3GPP solution.
Proposal 3: NR V2X SID should include long-term basis co-channel coexistence of NR sidelink and other non-cellular technologies. This would include the possibility of concluding that such coexistence can be supported without additional 3GPP specification work.

3. Conclusions
This contribution discussed the scope of coexistence of NR V2X and other RATs in Rel-16 SID. The following observations and proposals were made:
Proposal 1: The coexistence scope of NR V2X SI should be properly captured so that the access of NR V2X to the ITS spectrum can be well paved in the discussions currently ongoing in regional regulation/ITS organizations.
Observation 1: Co-channel coexistence of LTE sidelink and NR sidelink is automatically possible by separating the corresponding resource pools in RBs or TTIs if resource pool is also defined in NR sidelink.
Proposal 2: NR V2X SID should include the co-channel coexistence of LTE and NR sidelinks while the level of optimization of this coexistence can be further discussed.
Observation 2: Co-channel coexistence of LTE sidelink and other non-cellular RATs had been considered in Rel-14. The conclusion was such coexistence is possible without additional specification work.
Proposal 3: NR V2X SID should include long-term basis co-channel coexistence of NR sidelink and other non-cellular technologies. This would include the possibility of concluding that such coexistence can be supported without additional 3GPP specification work.
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