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1	Introduction
RAN4#80bis agreed a way forward for the in-band requirements for FDM of mixed numerologies in [2]. The following was agreed for DL:
· For DL
· In-band emission at Tx
· FFS how to specify such requirement, considering the downlink mixed numerologies deployment. The studies could take the following formats: 1) similar in-band emission requirement as defined for UL and/or 2) BS Tx EVM requirements for each numerology involved (with mixed numerology in BS transmission)
· In-band selectivity at Rx
· FFS how to specify such requirement, considering the downlink mixed numerologies deployment. It is desirable to follow the same format as for UL


In this contribution, we discuss 5G NR in-band selectivity requirements at UE Rx following the above-mentioned RAN4 agreements. In [4] we have discussed scenarios and assumptions for defining in-band requirements for mixed numerology case within one NR carrier.

2	Discussion
TS36.101 does not define any in-band selectivity requirements for UE Rx. In LTE DL all the signals are transmitted in synchronized manner from the same BS with the same numerology and therefore DL in-band selectivity requirements at UE Rx are not necessary.  However, in NR UE Rx in-band selectivity requirements are needed for supporting frequency domain multiplexing of different numerologies within the same NR carrier and achieving sufficient spectral confinement between different sub-blocks.  
In the RAN4 WF in [2] it was already indicated that it would be desirable to utilize UL in-band selectivity requirements for BS Rx as a starting point. TS36.104 defines the LTE BS in-channel (in-band) selectivity requirements as follows: “In-channel selectivity (ICS) is a measure of the receiver ability to receive a wanted signal at its assigned resource block locations in the presence of an interfering signal received at a larger power spectral density. In this condition a throughput requirement shall be met for a specified reference measurement channel. The interfering signal shall be an E-UTRA signal as specified in Annex C and shall be time aligned with the wanted signal.”
In our RAN4 contribution on UL in-band selectivity requirements for BS Rx in [3] we discuss how UL requirements should be defined in such manner that sufficient in-band selective is supported between UEs with the same and different numerologies. In DL we can only focus on in-band selectivity requirements in case of different numerologies as the same numerology corresponds to the LTE case where all the DL signals are coming from the same BS with the same numerology. So DL in-band selectivity requirements at UE Rx should be defined so that the wanted and interfering signal use different numerologies and there is suitable guard band between these sub-blocks with different numerologies.
We have studied the impacts of BS Tx and UE Rx requirements on obtaining good link performance in case of two different numerologies on the same NR carrier.  We have performed link simulations in the DL Case 2 of the RAN1 simulation assumptions in Section A.1.1 of TR 38.802 [5]. In the simulations we have used the following simulation assumptions:
· 720 kHz allocation for desired and interfering signal, which are time and frequency synchronized and transmitted with the same power
· Numerology 1: 15 kHz sub-carrier spacing with 4 PRB allocation – desired measured signal
· Numerology 2: 30 kHz sub-carrier spacing with 2 PRB allocation – interfering signal
· 1x1 SISO, rank1, TDL-C 300ns channel
· Modulation: 64-QAM, R=3/4
· Ideal channel estimation
· No Phase Noise modeled 
· UE mobility 3 km/h
· Guard bands: 0

In Figure 1 BLER simulation results of the desired signal during the present of the interfering signal are presented for the case that both BS Tx and UE Rx have in-band filtering or windowing in use for achieving sufficient spectral confinement. In Figure 2 we present simulation results for the case that in-band filtering or windowing is only present either in BS Tx (a) or in UE Rx (b). When comparing with the simulation results of Figure 1 we can see that both BS Tx and UE Rx have similar contribution to the performance and thus, both BS Tx in-band emission and UE Rx selectivity requirements are important for achieving good performance when two different numerologies are used within one NR carrier.
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[bookmark: _Ref466044674]Figure 1: BLER link simulation results in Case 2 with 0 SC GB and 64-QAM, R=3/4 when both Tx and Rx processing is used for in-band spectral confinement

	a) Tx only processing
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	b) Rx only processing
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[bookmark: _Ref466044678]Figure 2: BLER link simulation results in Case 2 with 0 SC GB and 64-QAM, R=3/4 for Tx only (a) and Rx only (b) processing is used for in-band spectral confinement

Proposal 1: RAN4 will define DL in-band selectivity requirements at UE Rx for the case that wanted and interfering in adjacent sub-blocks have different numerologies in use 

In these simulations we have used zero guard band but for the actual in-band selectivity requirements at UE Rx should be identified through further studies and simulation in order to make sure that the requirements are sufficiently demanding from the selectivity perspective but at the same time the interference from the interfering sub-block is not too high to distinguish between good and bad UE.

Proposal 2: Identify  suitable guard band for the targeted modulation in order to sufficiently stress DL in-band selectivity performance at UE Rx but also to be able differentiate good and bad UEs from each other. 

3	Conclusions
In this contribution we have discuss the need for good DL in-band selectivity requirements for UE Rx in order to ensure good spectral confinement performance for NR. Based on the discussion we propose the following for the RAN4 requirement development:

[bookmark: _GoBack]Proposal 1: RAN4 will define DL in-band selectivity requirements at UE Rx for the case that wanted and interfering in adjacent sub-blocks have different numerologies in use 

Proposal 2: Identify  suitable guard band for the targeted modulation in order to sufficiently stress DL in-band selectivity performance at UE Rx but also to be able differentiate good and bad UEs from each other. 
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