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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. One such area of later requirement enhancements could be frequency domain multiplexing of different numerologies to one NR carrier.

2	Discussion

RAN4 has discussed mixed numerology in-band emission requirements extensively in the 5G NR study item phase although RAN4 was not able to make an agreement yet on suitable use case for mixed numerology. It has earlier been proposed in RAN1 that one use case for mixed numerology on one NR carrier would be multiplexing of different services with very different type of requirements and assumptions. On the other hand, it has also been shown in RAN1 [6] that e.g. the multiplexing of eMBB and URLLC services on the same carrier can efficiently be done using the same numerology. Now the focus of the first NR specifications is eMBB services and necessary forward compatibility aspects. It is clearer that frequency domain multiplexing of different numerologies on the same NR carrier is not needed for the first NR core requirements, unless it would be critical for ensuring future forward compatibility.
Next, we investigate through link simulations whether mixed numerology requirements are needed in the first phase of NR core requirements or whether additional new requirements and enhancements could be added in a later phase.  We have simulated the DL and UL performance in the mixed numerology Case 4 and Case 2 of the RAN1 simulation assumptions in Section A.1.1 of TR 38.802 [3] respectively. In the simulations, we have used the following assumptions
· 20 MHz NR Carrier with two sub-blocks with 10 MHz BW
· DL Case 2: ~10 MHz: 52 PRBs with 15 kHz SCS, 13 PRBs with 60 kHz SCS
· UL Case 4: 4 PRBs with both SCS => allocation size 720 kHz @ 15 kHz / 2.88 MHz @ 60 kHz
· No guard band and 1 PRB guard band between the sub-blocks
· FFT size: 2048 /512 
· CP length: 144/36
· DL modulation: 256-QAM, R=3/4
· UL modulation: 64 -QAM, R=3/4
· Rank 1, 1x1 SISO, TDL-C 300ns channel model
· Simulated waveforms: CP-OFDM with additional spectral confinement schemes

In Figure 1 we present DL link simulation performance in Case 2 both for 15 kHz and 60 kHz SCS using TDL-C 300 ns channel model. Due to known EVM issues with f-OFDM we have focused our simulations on plain CP-OFDM with channel filter and CP-OFDM with WOLA spectral confinement schemes. Simulations results are presented both with no guard band and 1 PRB (180 kHz) guard band. 
From the simulation results we can see that even if we use 52 PRBs for ~10 MHz sub-block with 15 kHz SCS compared to 50 PRBs in LTE and corresponding 13 PRBs with 60 kHz, the DL 256 QAM BLER performance is approaching to the reference CP-OFDM BLER performance without in-band interferer with 1 PRB guard both for 15 kHz and 60 kHz SCS. 
These DL simulation results also show that 15 kHz SCS performance is not sufficiently good with 0 GB even if WOLA spectral confinement scheme is used but with 1 PRB guard there is nearly no degradation compared to the reference case without in-band interferer. The sub-block with 60 kHz SCS suffers less from the 15 kHz interferer than other way around. The 60 kHz SCS sub-block would not necessarily require any guard band or even any additional spectral confinement method apart from normal channel filter. We can even observe that due to shorter CP length for 60 kHz SCS than 15 kHz SCS, WOLA spectral confinement scheme degrades the BLER performance of 60 kHz SCS sub-block in TDL-C 300ns multipath channel compared to the BLER performance of plain CP-OFDM without any spectral confinement method. This is expected to be caused by the fact that spectral confinement methods; windowing or filtering based degrade waveform’s robustness against multipath performance due to shorter CP length with 60 kHz SCS and thus, increases ISI. Thus, simply from the 60 kHz sub-blocks perspective when there is 15 kHz in-band interferer, it would be better to use plain CP-OFDM without spectral confinement method to maximise the performance in multipath propagation conditions. 
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[bookmark: _Ref477866645]Figure 1: DL link performance in Case 2. Both 15 kHz and 60 kHz SCS sub-blocks are investigated as victim when the other SCS is aggressor. 
These DL 256-QAM link simulation results in Case 2 indicate that DL frequency domain multiplexing of different numerologies does not necessarily require any additional in-band spectral confinement method to support mixed numerology use cases and deployments in a later phase. To avoid degrading DL link performance and spectral efficiency in single numerology eMBB use cases (or even single numerology eMBB and URLLC use cases) it would seem best to focus first on single numerology DL in-band requirements in the first set of 5G NR core requirements targeted mainly for eMBB as no forward compatibility issue has been identified. Mixed numerology related additional new requirements can then be introduced later as NR requirement enhancements in a later phase to even better address future mixed numerology use cases. By that time also the use cases benefitting from frequency domain multiplexing of different numerologies should also be clearer. 
Proposal 1: Define only single numerology DL BS and UE in-band requirements in Rel-15 to support the accelerated NR work item timeline for eMBB services
Proposal 2: Enhance DL in-band requirement in mixed numerology scenarios in a later phase when the need and use cases for frequency domain multiplexing of different numerologies have been identified.
Observation 1: No forward compatibility issues have been identified even if DL in-band requirements with mixed numerologies are defined in a later phase.
In Figure 2 and Figure 3 we present UL 64-QAM link simulation results in Case 4 both for 15 kHz and 60 kHz SCS using TDL-C 300 ns channel model. The results of Figure 2 are without guard band between the sub-blocks and the results of Figure 3 are with 1 PRB (180 kHz) guard band between the sub-blocks. 4 PRBs are allocated to a given UE in all the cases.  For UL we have investigated the performance of baseline CP-OFDM without any spectral confinement apart from channel filter and additionally windowing based WOLA with two different window lengths and filtering based f-OFDM and FC-F-OFDM [4].

 [image: ] [image: ]
[bookmark: _Ref477873764]Figure 2: UL link performance in Case 4. Both 15 kHz and 60 kHz SCS sub-blocks are investigated as victim when the other SCS is aggressor and no guard band between the sub-blocks.
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[bookmark: _Ref477873767]Figure 3: UL link performance in Case 4. Both 15 kHz and 60 kHz SCS sub-blocks are investigated as victim when the other SCS is aggressor and 1 PRB (180 kHz) guard band is used between the sub-blocks.
Figure 2 shows that UL 64-QAM link performance is not good enough with any spectral confinement schemes especially for the sub-block with 15 kHz SCS. Even the sub-block with 60 kHz SCS has much worse link performance with any spectral confinement methods compared to CP-OFDM baseline without interference from different numerology. Like in DL 256-QAM cases also in UL 64-QAM cases 60 kHz SCS is more robust to interfering sub-block. 1 PRB guard band improves UL link performance significantly but still the performance is noticeable worse than in the reference CP-OFDM without interfering in-band sub-block. Again, like in DL, also in UL case additional in-band spectral confinement methods degrade the link performance of the sub-block with 60 kHz SCS in most cases. Spectral confinement methods seem to improve the link performance of the sub-block with 15 kHz SCS. We do not foresee any forward compatibility issues if mixed numerology related intra-band spectral confinement enhancements are defined in a later phase. 
Proposal 3: Define only single numerology UL in-band requirements for BS and UE in Rel-15 to support the accelerated NR work item timeline for eMBB services
Proposal 4: Enhance UL in-band requirement for in mixed numerology scenarios in a later phase when the need and use cases for frequency domain multiplexing of different numerologies have been identified.
Observation 2: No forward compatibility issues have been identified even if DL in-band requirements with mixed numerologies are defined in a later phase.

3	Conclusions
In this contribution, we have investigated how RAN4 could accelerate the Rel-15 NR core requirement development for eMBB following the RAN#75 agreements in [1] and [2]. Based on the discussions and simulation results presented in this document we propose the following
Proposal 1: Define only single numerology DL BS and UE in-band requirements in Rel-15 to support the accelerated NR work item timeline for eMBB services
Proposal 2: Enhance DL in-band requirement in mixed numerology scenarios in a later phase when the need and use cases for frequency domain multiplexing of different numerologies have been identified.
Proposal 3: Define only single numerology UL in-band requirements for BS and UE in Rel-15 to support the accelerated NR work item timeline for eMBB services
Proposal 4: Enhance UL in-band requirement in mixed numerology scenarios in a later phase when the need and use cases for frequency domain multiplexing of different numerologies have been identified.
In the document, we also discussed that later requirement enhancements for mixed numerology cases within one NR carrier will not create any forward compatibility issues neither for DL or UL in-band performances.
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Case 4, mixed numerology:                              

20 MHz channel, 60 kHz SCS, 4 PRB allocation, GB=180kHz

CP-OFDM reference

FC-F-OFDM, TBW 2 bin

WOLA, N

ws

=N

cp

/2

WOLA, N

ws

=N

cp

f-OFDM, TO=0

CP-OFDM without interference


image1.emf
10 15 20 25 30 35 40

SNR [dB]

10

-2

10

-1

10

0

 

B

L

E

R
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Case 2, asynchronous:                        
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