3GPP TSG-RAN WG4 Meeting #85                                            R4-1712958
Reno, USA, 27 Nov - 01 Dec, 2017
Source: 
Huawei, Hisilicon
Title: 
Spectrum utilization for mixed numerology
Agenda Item:
9.3.3
Document for:
Approval
1 Introduction
Spectrum utilization for mixed numerology has been discussed in previous RAN4 meetings. There are different options for defining SU for this case, however, no consensus was reached. This contribution provides further consideration on the SU for mixed numerology.
2 Discussion

There were two options mentioned during the discussion, as shown in Figure 1. 
Option 1 Guard band on either side based on the highest SCS from the two SCS that are next to the edge of the carrier.
Option 2 Guard band on either side is based on the SCS next to the edge of the carrier.
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The main argument for option 1 is that symmetric guard band is easier to be implemented and the flexibility to dynamically adjust the amount of RBs allocated to each numerology would be restricted by filter adjustment. While it should be noted that the asymmetric guard band in option 2 is caused by the different SU number defined for different subcarrier spacing, rather than sub-band filtering implementation. Actually for both filtering and windowing, such asymmetry always exists if we adopt option 2. Therefore, the comparison between option 1 and option 2 has nothing to do with sub-band filtering or windowing implementation. Next, we analyze the impact of asymmetric guard band.
Usually a digital filtering on a carrier BW basis is needed at both BS and UE side in order to comply with the ACLR/ACS requirement, though the Tx filter may not have very high order if Tx windowing is applied for OOB suppression. It is true that from the implementation point of view, the transition band for the filter design should be symmetric. For option 1, the guard band is symmetric naturally. While for option 2, we can also apply filter with symmetric guard band in implementation as illustrated in Figure 3. Such filter is implementable since BS/UE can achieve the required SU value associated with SCS1 (the minimum SCS). Therefore, applying a filtering with symmetric guard band can be treated as an implementation issue.
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On the other hand, option 1 brings additional complexity on implementation. To be specific, BS/UE should have two different filtering implementation with different guard band for single numerology and mixed numerology cases individually. In addition, it also leads to several edge PRB waste. 

On the contrary, option 2 adopts a unified SU definition for single numerology and mixed numerology case, and leave the symmetric guard band design for filter as an implementation issue (i.e., the guard band can be determined by the minimum SCS). 
Based on these analysis, it is proposed that guard band at the carrier edge for mixed numerology is determined based on the SCS next to the edge of the carrier, which means that for each side of the carrier, we consider the GB based on single numerology adjacent to the carrier edge with assumption the single numerology is across the whole carrier. 

Proposal 1 The guard band at the carrier edge for mixed numerology is determined based on the SCS next to the edge of the carrier.

We know that the maximum CBW for below 6GHz is 100MHz, and for mmWave band is 400MHz. Due to the limitation of sub-carrier number and FFT size, max 50MHz is supported for 15kHz SCS for below 6GHz and max 200MHz is supported for 60kHz SCS for mmWave. For a channel with mixed numerology (e.g. 100MHz), if the channel BW is larger than that can be supported by a certain SCS (e.g. 15kHz), the guard band associated with that SCS should be determined by its max. allowed CBW (50MHz). in order words, the allowable RB allocation for this SCS shall keep aligned for both single numerology and mixed numerology case. 
Proposal 2 If the channel BW for mixed numerology is larger than the BW for a single numerology, the guard band associated with a SCS should be determined by its maximum allowable CBW defined in single numerology case.

Regarding the boundary between two different numerologies, as agreed before, no in-band RF requirements need to be defined to support mixed numerology case, and the gNB scheduler can mitigate inter-numerology interference by means of allocating a guard between the numerologies, which would be an implementation decision. 
3 Conclusion

Further consideration on spectrum utilization for mixed numerology is provided in this contribution. Option 2 is preferred with consideration on implementation perspective.
Proposal 1 The guard band at the carrier edge for mixed numerology is determined based on the SCS next to the edge of the carrier.

Proposal 2 If the channel BW for mixed numerology is larger than the BW for a single numerology, the guard band associated with a SCS should be determined by its maximum allowable CBW defined in single numerology case.
It is worth noting that the proposals above under option 2 can be applied to arbitrary channel BW. 
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