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1. Introduction 
New RAT (NR) will support multiple numerologies as agreed in RAN1#85, captured below:
· RAN1 concludes on alternative 1 (15 kHz) as the baseline design assumption for the NR numerology
· RAN1 concludes on scale factors N =2n for subcarrier spacing as the baseline design assumption for the NR numerology

These multiple subcarrier spacing can be multiplexed in TDM and/or FDM within a same NR carrier bandwidth in the network perspective to support forward compatibility. This ensures smooth introduction of future services and features without impact on earlier services and UEs. This contribution discusses support of the multiple numerologies from a UE perspective as well as network perspective. Some UE capability issues on numerology support impact physical layer designs and procedures. Those issues need to be addressed in an earlier phase of NR standardization and to reach a consensus within RAN1 to facilitate progresses on outstanding technical issues and minimize controversies and pushback due to not aligned assumptions on the numerologies.
2. Numerology support capability
In LTE, UEs mandatorily support all the channel bandwidths of 1.4/3/5/10/15/20 MHz [1]. This enables eNBs to transmit PDCCH and PHICH across the whole channel bandwidth without worrying about whether each UE is capable of receiving it or not. PSS/SSS/PBCH are designed so that the same structure applies to all the above bandwidths and the UEs can perform initial cell search without knowledge of the network channel bandwidth. On the other hand, the supported LTE bands and the combination of carrier aggregation (CA) bands are defined as UE capability parameters [2]. These parameters are RF related and does not impact physical layer specifications. These RF parameters were introduced in a later phase when LTE network was about to be deployed. LTE UE category is defined in terms of transport block bits, soft channel bits and number of spatial layers for DL and UL, respectively [2]. With introduction of advanced features such as carrier aggregation, 256 QAM, MTC and NB IoT in a later phase, additional UE categories have been added in a later phase, e.g., Cat 6 for CA, Cat 11 for 256-QAM, Cat M1 for MTC and Cat NB1 for NB IoT.
NR numerology parameters such as subcarrier spacing, subframe duration, symbol durations are related with RAN1 specification work, and make impacts on baseband implementations. Physical layer standards should be designed and specified taking into account mandatory and optional features for the NR UEs. For example, if a set of subcarrier spacing UEs have to mandatorily support are defined, initial synchronization signal can be designed taking into account the mandatory set of subcarrier spacing.  In cases that numerology support becomes an optional feature from a UE perspective and each UE is allowed to selectively implement a preferred subcarrier spacing, initial synchronization signal design may become a more challenging task and each UE’s data transmission/reception should be scheduled only in the subframes of the corresponding subcarrier spacing. 

The following approaches can be considered for UE capability on supported subcarrier spacing. For the sake of discussion, we can focus on UEs for eMBB type applications. 
· Alt. 1: fully optional - no subcarrier spacing is mandatory and UEs can choose subcarrier spacing to implement
· Alt. 2: partially mandatory - each UE shall mandatorily implement a set of subcarrier spacing 
The Alt. 1 is a fully optional approach in choosing the supported subcarrier spacing and no subcarrier spacing is mandatory. The Alt. 1 can make inflexible and complicated the physical layer design and scheduling operations in order to accommodate various UEs supporting different subcarrier spacing. In case of the Alt. 2 “partially mandatory”, different sets of subcarrier spacing can be defined depending on UE category or a mandatory set of subcarrier spacing can apply unexceptionally to all the UEs and is independent of UE category. 
In another approach, a mandatory set of subcarrier spacing can vary as a function of carrier frequency band. For example, 15 kHz or 30 kHz subcarrier spacing would be preferred in carrier frequency bands below 6 GHz. On the other hand, subcarrier spacing much larger than 15 kHz would be desirable and preferred in above 6 GHz and mid tens GHz bands. As such, a mandatory set of supported subcarrier spacing can be defined in accordance to the frequency bands which the respective UEs aim to support. In this case, the mandatory set of subcarrier spacing is identical among the UEs for a given carrier frequency of the network. For the sake of discussions, the Alt. 2 includes also the cases that a set of subcarrier spacing is mandatorily supported by all the NR capable UEs for a given carrier frequency band. Alt. 1 refers to cases that no specific subcarrier spacing is mandated to the UEs for a given carrier frequency band. 
3. Need to define a mandatory numerology set
We compare the Alt. 1 and Alt. 2 from perspectives of networks and UEs, respectively. We also consider aspects of standardization work and specification complexity. 

The Alt. 1 “all optional” approach may seem preferable on UE sides due to potential benefits of less implementation burden, low cost, flexibility to choose and tailor the implementation and design for the target services and deployments. In another perspective, defining some basic numerology set as in Alt. 2 would make clear the features each UE should support and reduce potential inefficiency due to market fragmentation. Alt. 2 “partially mandatory” approach would be favored on network sides and also in standardization work perspective. This is because a base set of numerologies are defined and guaranteed to be mandatorily supported by all the UEs. Then, the networks can operate time-frequency resource by utilizing the base set of numerologies, as all the UEs mandatorily support them. For the UEs which are capable to support additional numerologies, the network can schedule those UEs on the resources configured with the corresponding numerologies whenever necessary (service application, operation scenario, etc.). It is noted that each service verticals (eMBB, URLLC, mMTC) may define a different set of numerologies for mandatory implementations in the UEs. Also in RAN1 perspective, each physical channel and signal may require support of another set of numerologies. In a general perspective, this contribution intends to prompt RAN1 to discuss these issues which can impact RAN1 standardization work and reach a consensus to facilitate progresses in NR design for each of specific physical channels and signals.
In RAN1 work perspective, typical subcarrier spacing values such as 15 kHz and a few of its multiples can take higher priority than other subcarrier spacing and be taken as a baseline for physical layer design. For the selected subcarrier spacing values, corresponding time intervals, frame structure and physical layer procedures can be designed. Then, how to configure and operate time-frequency resource in order to support the selected subcarrier spacing is up to the network, as done in LTE TDD and FDD. Some numerologies may be decided as UE optional features in the end. Among physical layer design issues, whether to define a mandatory numerology set can impact significantly the design of initial synchronization signals. This is because NR UEs cannot be aware of which subcarrier spacing is applied in target NR networks when starting initial access procedure. Also, NR UEs face more uncertainties during initial access than LTE UEs such as subcarrier spacing, beam directions for TRP Tx and UE Rx if beamforming is applied, and potentially more cell IDs than LTE 504 IDs. Considering these issues, in order to facilitate progresses and decisions of NR physical layer designs it seems desirable to decide on a high level direction on how and whether to define a mandatory numerology set which NR UEs would support. 
Issues for discussion and decision
Mandatory subcarrier set in UE perspective

· Whether to define a baseline subcarrier set for NR design or to make all the subcarrier spacing as UE optional features 
· A set of numerologies to be used as baseline in NR design if the mandatory set would be defined
4. Numerology multiplexing/switching capability
As agreed in RAN1#86, multiplexing different numerologies within a same NR carrier bandwidth from the network perspective is supported, and FDM and/or TDM multiplexing can be considered. From a UE perspective, supporting multiple subcarrier spacing simultaneously within an OFDM symbol duration will be challenging and can require for the UE to be equipped with multiple FFT blocks and operate them at the same time to deal with channels/signals of different subcarrier spacing. 
On the other hand, supporting different numerologies in different time intervals should be possible even with a single baseband block in the UE, and the UE can switch to another subcarrier spacing by changing clock rates of the FFT/IFFT in accordance to the selected subcarrier spacing in the corresponding time interval. It is noted that LTE UEs support switching numerologies between unicast and MBSFN region. In MBSFN subframes, the CP duration and/or subcarrier spacing can change to the extended CP and 7.5 kHz, respectively [3]. Similarly, in NR UEs, changing the numerology between time intervals should also be supported at least for different service types which the UE is configured with. Whether NR UEs should support switching numerologies between time intervals within a same service type needs discussion and investigation in RAN1 as this potentially complicate physical layer UE procedures such as data scheduling, HARQ operations, feedback, and so on. For example, in scenarios where a network multiplex different numerologies in time and wants to get an early feedback from a UE or to schedule a retransmission as early as possible, supports of different numerologies in TDM manner even within a same service type may be beneficial. Also, different numerologies between scheduling and data transmission and also within a HARQ process can be considered. However, support of multiple numerologies in these cases would complicate physical layer procedures and timeline design. Therefore, whether to support it should be carefully decided and agreed only in cases that benefits are clearly identified. 
Issues for discussion and decision 
Numerology multiplexing/switching in UE perspective

· No mandatory support of multiple subcarrier spacing simultaneously within an OFDM symbol duration
· Whether to support switching numerologies between scheduling grant and data, between data and HARQ-ACK feedback and between HARQ retransmissions
5. Conclusion 

In this contribution, we have discussed support of multiple numerologies from a UE perspective. UE capability issues and parameters are usually discussed and defined in a later stage of standardization, however some capability issues affect physical layer design and impact standardization direction. In order to facilitate progresses and decisions of NR physical layer designs, the following issues are raised for discussion and decision in RAN1:
Issues for discussion and decision 
Mandatory subcarrier set in UE perspective
· Whether to define a baseline subcarrier set for NR design or to make all the subcarrier spacing as UE optional features 
· A set of numerologies to be used as baseline in NR design if the mandatory set would be defined
Numerology multiplexing/switching in UE perspective

· No mandatory support of multiple subcarrier spacing simultaneously within an OFDM symbol duration
· Whether to support switching numerologies between scheduling grant and data, between data and HARQ-ACK feedback and between HARQ retransmissions
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