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1	Introduction
In this contribution we discuss and propose scenarios and assumptions for developing the first phase NR requirements for DL and UL in-band emission, EVM and in-band Rx selectivity requirements when different numerologies are used in frequency domain and thus, good spectral confinement requirements are needed. The corresponding requirements are discussed and proposed in the contributions [2] – [5]. 
2	Discussion
One of the use cases, where frequency domain multiplexing of different numerologies on the same NR carrier could become relevant, is multiplexing of eMBB and IoT services. Considering the following RAN1#86bis agreements that eMBB and URLLC can be multiplexed on the same NR carrier using the same sub-carrier spacing with the same CP overhead, we do not see that the frequency multiplexing of eMBB and URLLC services to the same NR carrier is needed at least initially in NR. 

Agreements:
· From network perspective, multiplexing of transmissions with different latency and/or reliability requirements for eMBB/URLLC in DL is supported by  
· Using the same sub-carrier spacing with the same CP overhead
· FFS: different CP overhead
· Using different sub-carrier spacing 
· FFS: CP overhead
· NR supports both approaches by specification
· NR should support dynamic resource sharing between different latency and/or reliability requirements for eMBB/URLLC in DL 


On the other hand, RAN#73 down-prioritized mIoT work in the NR study apart from the forward compatibility aspects [6].  In order to ensure forward compatibility for mIoT, we see that it would be beneficial if RAN4 also focused on frequency domain service multiplexing of eMBB and mIoT services when developing DL and UL in-band emission, EVM and Rx selectivity requirements for different numerologies on the same NR carrier. Furthermore, typically for mIoT deployments like NB-IoT and eMTC coverage and even extended coverage is important. We see that the same would be case for NR based mIoT as well. Thus, we expect that service multiplexing of eMBB and ultra low cost, low power and extended coverage mIoT services on the same carrier are more likely to benefit from different numerologies in frequency domain rather than e.g. eMBB and URLLC multiplexing. 

Proposal 1: Develop NR DL and UL in-band emission, EVM and in-band selectivity requirements with different numerologies on the same NR Carrier for eMBB and mIoT frequency domain service multiplexing deployment scenario 

The RAN1 specifications are expected to support number of sub-bands within one NR carrier but we do not see that it is necessary to define overly complicated requirement scenario for validating sufficiently good in-band spectral confinement. In our view two different sub-blocks within one NR carrier; one for eMBB and another for mIoT would be sufficient, at least initially.
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Figure 1: Frequency service multiplexing of mIoT and eMBB services with different numerologies on the same NR carrier

If it is seen necessary and NR deployment scenarios support, more than two sub-blocks within one NR carrier can be considered in a later phase. However, also in long run it would seem attractive to minimize the number of sub-blocks with different numerologies in order to avoid wasting subcarriers to guard bands between different sub-blocks. 

Proposal 2: Define two different sub-blocks with one NR carrier; one for eMBB and another for mIoT

As mIoT deployments typically target for extended coverage, we see that frequency bands below 6 GHz seem suitable starting point for in-band emission requirements with different numerologies. 

Proposal 3: Develop first the in-band requirements with different numerologies in FDM domain within one NR carrier for frequency bands below 6 GHz first. Later on need and applicability of extending requirements on higher frequencies could be studied.

In the first phase of NR, mIoT can be provided using the existing LTE based solutions like NB-IoT or eMTC. Therefore, it would seem natural that the one of the sub-block would use 15 kHz sub-carrier spacing and another one with larger subcarrier spacing e.g. 60 kHz. In the end all the sub-carrier spacing combinations could be considered in the requirements if use case scenarios justify that but it might be good to start from one scenario first. This would help that all interested companies focus on the same case in their studies and simulations. Also if seen necessary, NB-IoT or eMTC could also be considered in the requirement setting and test cases, but then it is important to consider UE and BS support for these features in the requirement setting. Not all NR UEs and BS can be assumed to support NB-IoT and eMTC but in the test equipment NB-IoT and eMTC could be verified as victim system or used as interfering system.

Proposal 4: Develop mixed numerology in-band requirements using sub-blocks with 15 kHz and 60 kHz subcarrier spacings first. 

In eMBB and mIoT service multiplexing scenarios it would seem best to allocate quite a bit wider bandwidth for eMBB and narrower bandwidth for mIoT. Wider and narrower bandwidth sub-blocks in the requirements would also help in ensuring that both cases will work well. As frequency bands below 6 GHz are the main focus for frequency domain service multiplexing with different numerologies, the total NR carrier could be e.g. in the order of 80 MHz. 1- 4 PRBs could be allocated to mIoT and the rest for eMBB and guard band. 1-4 PRBs for mIoT would would correspond e.g. to 1-4 NB-IoT channels allocated to mIoT.

Proposal 5: Use 80 MHz bandwidth for NR carrier, which is divided to 1-4 PRB wide sub-blocks representing mIoT deployment and the rest for eMBB and needed guard band

Both non-standalone and standalone NR deployment scenarios should be considered. In case of non-standalone NR 10 MHz LTE carrier could be used as PCell.

3	Conclusions

In this contribution we have discussed scenarios and assumptions for developing the first phase NR requirements for DL and UL in-band emission, EVM and in-band Rx selectivity requirements in case of different numerologies within on NR carrier. The corresponding requirements are discussed and proposed in the contributions [2] – [5]. In the document we propose the following assumptions for the requirement development:

[bookmark: _GoBack]Proposal 1: Develop NR DL and UL in-band emission,  EVM and in-band selectivity requirements with different numerologies on the same NR Carrier for eMBB and mIoT frequency domain service multiplexing deployment scenario 

Proposal 2: Define two different sub-blocks with one NR carrier; one for eMBB and another for mIoT

Proposal 3: Develop first the in-band requirements with different numerologies in FDM domain within one NR carrier for frequency bands below 6 GHz first. Later on need and applicability of extending requirements on higher frequencies could be studied.

Proposal 4: Develop mixed numerology in-band requirements using sub-blocks with 15 kHz and 60 kHz subcarrier spacings first. 

Proposal 5: Use 80 MHz bandwidth for NR carrier, which is divided to 1-4 PRB wide sub-blocks representing mIoT deployment and the rest for eMBB and needed guard band
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