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1	Introduction
In this contribution, we continue the discussion on 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.  

RAN4#81 meeting made the following high level agreements on in-band requirements for NR in [5]:
· Develop NR DL and UL in-band emission, EVM and in-band selectivity requirements with different numerologies on the same NR Carrier 
· In first phase define two different numerologies within one NR carrier
· Sub-block 1 with 15kHz SCS
· Sub-block 2 with 60kHz SCS
· Sub-block BWs are FFS and will be investigated in conjunction with other related requirement definitions like EVM and in-band emissions
· Develop the in-band requirements for below 6 GHz for different numerologies
· Develop the in-band requirements for below 40 GHz for different numerologies

Following the earlier RAN4 agreements and based on the discussion in this  document we propose additional assumptions for the RAN4 requirement development. 
2	Discussion
In our earlier contribution [2] we proposed that narrow bandwidth mMTC and wider bandwidth eMBB sub-blocks with different numerologies would be used as basis for developing DL and UL in-band requirements for supporting frequency domain multiplexing of different numerologies on the same NR carrier. This proposal was not accepted but instead different service multiplexing options where considered being possible. Some companies preferred to use equal size of ~10 MHz sub-blocks within 20 MHz carrier for developing in-band requirements for frequency domain multiplexing of different numerologies. 

If this approach of equal size sub-blocks (e.g. 10 MHz and 10 MHZ) is selected for the requirement development, special care needs to be taken to ensure good performance for all parts of these sub-blocks and UEs using different parts of the sub-blocks. As shown in [3, 4], some filtering schemes for obtaining spectral confinements within one NR carrier cause additional EVM degradation on edge sub-carriers. This kind of EVM degradation would be very visible for those users using the edge subcarriers but it would not be visible at all for other users. Naturally base station scheduler could avoid allocating edge subcarriers carriers to any users at all, but this would reduce NR spectral efficiency and spectrum utilization. RAN4 has earlier discussed and agreed that the spectrum utilization of NR should be significantly better than that of LTE. In the spectrum utilization discussions RAN4 has focused on single numerology within a NR carrier. However, we see that it is also important to ensure good spectrum utilization for mixed numerology case as well although the overall spectrum utilization will be worse for mixed numerology case than single numerology case. 

Proposal 1: When developing NR DL and UL in-band emission, EVM and in-band selectivity requirements for BS and UE with mixed numerologies within one NR carrier, good spectrum usage is considered. 

If EVM is only measured as an average of a wider sub-block e.g. over 10 MHz), this EVM degradation at edge subcarriers is not detected in the requirements as also shown in [3, 4]. As discussed above, this could lead to a situation that edge subcarriers cannot be fully utilized by the base station scheduler or the performance of the users using those subcarriers are much worse than the performance of other users.  Therefore, we see that it is important to measure EVM over narrower bandwidth than one wider sub-block like 10 MHz. The EVM measurement over the whole sub-block could be an additional measurement if the number of test cases is not becoming too exhaustive. For instance, narrower BW EVM (NB EVM) could be measured over 1 - 4 PRBs either for whole sub-block or only for edge sub-carriers in order to reduce the amount of test cases. RAN4 should still conduct further simulations and studies with given requirement assumptions to find out what is suitable number of PRBs for the narrow BW EVM measurement to obtain good balance between testing complexity and ensuring good EVM performance also on the edge subcarriers. Figure 1 illustrates how the needed EVM measurements in case wider BW and equal size sub-blocks are selected for developing NR in-band requirements with mixed numerologies.

Proposal 2: Measure EVM over [1-4] PRBs in addition to EVM measurement over the whole sub-block in order to ensure good EVM performance on edge subcarriers and over the whole sub-block.
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[bookmark: _Ref471123565]Figure 1: Frequency service multiplexing of services with different numerologies on the same NR carrier

RAN4 agreed that two different numerologies; 15 kHz and 60 kHz would be used initially in the RAN4 requirements verifying mixed numerologies on a NR carrier. As already discussed in [2] and considering that only two different numerologies will be verified, we see that it would be sufficient use two sub-blocks as illustrated in Figure 1 for developing in-band requirements for mixed numerologies within one NR carrier.  We also see that the support of frequency multiplexing of mixed numerologies within one NR carrier is mainly needed for ensuring forward compatibility of NR system rather for the first NR deployments. 

Proposal 3: Define two different sub-blocks within one NR carrier for developing the first phase DL and UL in-band requirements for supporting frequency domain multiplexing of mixed numerologies

In addition to the actual BW(s) of these two sub-blocks RAN4 also need to decide the number of allocated PRBs per UE, especially for the UE requirements and test cases this is important but also for base station requirement setting it gives means to assess the performance for a given UE (e.g. DL EVM performance for a UE at the edge of the sub-block).

Observation 1: Both BW of sub-blocks and allocated PRBs per UE need to be decided for developing the mixed numerology in-band requirements.

In order to ensure flexible use of sub-blocks with different numerologies for different type of services including also high order modulations like 256 QAM, it is also important to use sufficient guard band between the sub-blocks as shown in Figure 1. As suggested by some companies in RAN4, in real NR deployments the base station can naturally choose to use any guard band between the sub-blocks but it is important that the RAN4 requirements are developed so that all different services and modulations can be used in the sub-blocks. Otherwise, there is a risk of unnecessarily limiting the future use of these sub-block with different numerologies by the standards. RAN4 should investigate suitable size of the guard band between the sub-blocks once the basic parameters and assumptions for requirements are decided. 

Proposal 4: Use guard band between sub-blocks with different numerologies in the RAN4 requirements

3	Conclusions

In this contribution we have discussed 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. Based on the discussion the following proposals are made:

Proposal 1: When developing NR DL and UL in-band emission, EVM and in-band selectivity requirements for BS and UE with mixed numerologies within one NR carrier, good spectrum usage is considered. 

Proposal 2: Measure EVM over [1-4] PRBs in addition to EVM measurement over the whole sub-block in order to ensure good EVM performance on edge subcarriers and over the whole sub-block.

Proposal 3: Define two different sub-blocks within one NR carrier for developing the first phase DL and UL in-band requirements for supporting frequency domain multiplexing of mixed numerologies

Proposal 4: Use guard band between sub-blocks with different numerologies in the RAN4 requirements

In the document, we also make the following observation on the requirement assumptions:

Observation 1: Both BW of sub-blocks and allocated PRBs per UE need to be decided for developing the mixed numerology in-band requirements.
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