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1	Introduction
RAN#75 agreed a work item on New Radio Access Technology in [1] with the accelerated time line for 5G NR eMBB (enhancement Mobile Broadband) services in [2] with the two-functional stage 3 freezes as follows:

· By December 2017: complete Stage 3 for Non-Standalone 5G-NR eMBB (incl. low latency support) with Option 3.
· Ensure commonality with Standalone eMBB (incl. low latency support), as well as forward compatibility
· Complete stage-3 of all L1 and L2-User-Plane for both Non-Standalone and Standalone by December 2017
· L1 and L2-User-Plane for both Non-Standalone and Standalone is different for some aspects
· Maintain current schedule for Standalone 5G-NR in Rel-15
· Stage 3 completion June 2018

To ensure robust 5G NR operations based on the first 5G NR functional freeze in December 2017 it is important that also the corresponding RAN4 core requirements have progressed for eMBB services. In this contribution, we discuss how the RAN4 core requirement development for eMBB services can be accelerated while still ensuring that further requirements and enhancements for other services and scenarios can be added later without any backwards compatibility issues i.e. forward compatibility is ensured for additional new RAN4 core requirements defined in the next phase. 

2	Discussion

In the last RAN4#83 meeting we discussed what mixed numerology requirements are needed in the first NR RAN4 requirements in Rel-15 and what could be added later as further enhancements. In this contribution, we continue analysing mixed numerology requirements for Rel-15. 
Generally, we see that the first phase in Rel-15 RAN4 should mainly focus on developing requirements for single numerology for data to keep the accelerated NR work item timeline for eMBB services. It is important that the Rel-15 RAN4 requirements ensure robust support of mixed numerologies between data and synchronization signal (SS) and potentially primary broadcast channel as already discussed in RAN4. Additionally, Rel-15 requirements should ensure forward compatibility for future enhancements for mixed numerology cases.
RAN1#88bis made the following agreements e.g. on synchronization signals (PSS/SSS) on subcarrier spacings:
· Subcarrier spacings for PSS/SSS for difference freq. ranges: 15kHz/30kHz for below 6 GHz, and 120kHz/240kHz for above 6 GHz
· Note: RAN1 assumes that RAN4 will decide it depending on frequency ranges
RAN4#82bis on the other hand agreed the following subcarrier spacings per frequency frequency bands in [4]
· SCS supported for bands below 1 GHz
· 15kHz, 30kHz
· The decision of supporting 60kHz is pending RAN1 check
· SCS supported for bands between 1GHz and 6GHz
· 15kHz, 30kHz, 60kHz
· SCS supported for bands above 24GHz and below 52.6GHz
· 60 kHz, 120kHz
· 240kHz is not applicable for data
· 240 for data can be further considered if a clear benefit is shown 
· SCS support is band dependent
Based on the above-mentioned agreements it is not possible to always avoid different numerologies between data and SS. For instance, if subcarrier spacing of 60 kHz is deployed in the NR network for data for a frequency band below 6 GHz or above 24 GHz, it is not possible. Thus, it is important that also RAN4 requirements also focuses its Rel-15 mixed numerology in-band requirements for the case that data and SS and possibly primary broadcast channel (P-BCH) have different numerologies in use.
Proposal 1: To keep the agreed NR timeline RAN4 should focus its Rel-15 mixed numerology in-band requirement development on a case where data and synchronization signals/P-BCH have different subcarrier spacings. 
When different numerologies are used between data and synchronization signals, the same UE needs to be able to receive both data and synchronization signals on the same cell and channel bandwidth with different numerologies. It is even possible that the UE receives either data or control and SS at the same time with different numerologies. Furthermore, the UE also needs to be able to search and identify neighboring cells on the same channel using SS while receiving data and SS from the own cell. 
Proposal 2: RAN4 should develop Rel-15 UE receiver requirements for the mixed numerology in-band case where UE receives data and SS/P-BCH from the own cell/beam with different sub-carrier spacings
Proposal 3: RAN4 should also develop Rel-15 UE intra-band neighbor cell identification requirements for different numerologies between data and SS/P-BCH.
For uplink, it is possible for the network to avoid using mixed numerologies on the same carrier by using the same numerology for all the UEs in a given cell or beam. It is naturally also an option for the network to configure different numerologies for different UEs but as already discussed in RAN1, the first Rel-15 NR use cases; eMBB and URLLC can be provided using the same numerology. Therefore, uplink in-band mixed numerology is not needed as the highest priority Rel-15 requirement. If the Rel-15 work item timeline allows, NR BS Rx requirements could be developed for the in-band mixed numerology case. This, however, does not need to be considered as the highest priority case because the NR system can work well without UL mixed numerology. Also in downlink the same numerology can be used for all the UEs in the Rel-15 use cases. In general, the DL mixed numerology requirements are not the highest priority. For that reason, NR BS Tx and UE Rx in-band mixed numerology (RF) requirements should only be developed if the Rel-15 timeline allows. 
Proposal 4: RAN4 should define basic Rel-15 UL and DL in-band (RF) requirements for the single numerology (apart from the cases in the proposals 1-3)  

3	Conclusions
In this contribution, we have discussed what kind of mixed numerology in-band requirements are needed for NR in Rel-15. Based on the discussion we propose the following approach for the RAN4 Rel-15 mixed numerology in-band requirements development for maintaining the accelerated Rel-15 NR work item timeline.

Proposal 1: To keep the agreed NR timeline RAN4 should focus its Rel-15 mixed numerology in-band requirement development on a case where data and synchronization signals/P-BCH have different subcarrier spacings. 
Proposal 2: RAN4 should develop Rel-15 UE receiver requirements for the mixed numerology in-band case where UE receives data and SS/P-BCH from the own cell/beam with different sub-carrier spacings
Proposal 3: RAN4 should also develop Rel-15 UE intra-band neighbor cell identification requirements for different numerologies between data and SS/P-BCH.
Proposal 4: RAN4 should define basic Rel-15 UL and DL in-band (RF) requirements for the single numerology (apart from the cases in the proposals 1-3)  
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