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1   Introduction

In RAN2#NR AdHoc, support of multiple PHY numerologies was discussed and following agreements were made [1]:
Agreements

1: a single logical channel can be mapped to one or more numerology/TTI duration. 

2: ARQ can be performed on any numerologies/TTI lengths that the LCH is mapped to. 

3: The RLC configuration is per logical channel without dependency on numerology/TTI length.

4: Logical channel to numerology/TTI length mapping can be reconfigured via RRC reconfiguration.

5:
RAN2 will leave RAN1 to decide whether HARQ retransmission can be performed across different numerologies and/or TTI durations. 

6: wait for more details from RAN1 to decide whether HARQ configuration, if any, needs to be numerology/TTI duration specific.

7: a single MAC entity can support one or more numerology/TTI durations. 

8: LCP takes into account the mapping of logical channel to one or more numerology/TTI duration. Details of LCP will be discussed in the WI phase

In this contribution we discuss the MAC aspects of supporting multiple verticals concurrently.
2   Discussion
Each service is associated with a specific set of requirements (e.g. power consumption, latency, data rate, coverage) which can be addressed using intelligent carrier and PHY numerology selection. For example, mMTC based application requires enhanced network coverage for low mobility UEs and hence may be deployed in sub-6GHz band with extended symbol durations, whereas eMBB requiring high data rate can exploit the benefits of large spectrum available in above-6GHz band. Consequently, there may be situations where a UE is required to aggregate multiple carriers and/or numerologies/TTIs supporting different service verticals concurrently.

In this paper, we discuss some of the aspects related to multiple service verticals and numerology operation.
2.1   MAC Aspects to Support Multiple Service Verticals 
SPS Scheduling

In LTE, semi-persistent scheduling is only applicable for SpCells (i.e. PCell and PSCell). The reason to limit SPS to SpCell was that SpCell cannot be deactivated, governs RLF and therefore provides a link stable enough to carry SPS without further complications. Also, using SpCell to schedule SPS reduces UE complexities arising due to cross carrier scheduling, DRX and carrier activation/deactivation. 

For NR, as different services are being considered to support various applications and requirements, it would be quite likely that SPS could be supported by multiple service verticals. For instance, URLLC may use frequent SPS resources to reduce the UP latency, eMBB may require SPS support for HD video streaming, VoIP and mMTC may use SPS for periodical reporting events. Hence, there is a requirement to enable support of SPS for service verticals operating on different carriers. 

For NR, SPS can be supported by either of the following two methods:

1) SPS only supported on primary carrier
2) SPS supported for multiple carriers
Approach 1 is similar to LTE MAC based aggregation and hence requires minimal enhancements for the case when single MAC entity is considered for multiple verticals support, but the data transfer operation can be inefficient. For example, take the case where URLLC and eMBB are operating on primary carrier and secondary carrier, respectively. Here, we have two options -1) Do not support SPS scheduling for eMBB or 2) Use the URLLC resources to schedule eMBB traffic. The first option seems to be too restrictive in nature, as different service verticals may require support of SPS based on their own use cases (e.g. URLLC to reduce latency and eMBB to support HD video streaming). The second option is only applicable for single MAC entity solution and would be a sub-optimal operation, because URLLC numerology and bandwidth may not be suitable to cater to the requirements of eMBB. 

Alternative 2 can potentially address the above mentioned issues, where each service vertical can configure SPS according to its own requirements. But, some aspects to consider are UE complexities arising due to cross-carrier scheduling, DRX operation and activation/deactivation operation, for the case when single MAC entity is used for multiple verticals operation. Another point to consider is the applicability of UE to support multiple SPS grants simultaneously on multiple carriers, as this may require some coordination between different carriers to reduce UE power consumption. 
Proposal 1: RAN2 to discuss enhancements for SPS to support multiple service verticals operating simultaneously on numerologies/TTIs.
BSR and SR Framework
Currently, there are 4 logical channel groups supported in LTE, which are used to indicate UL data availability in different DRBs. Logical channels with similar QoS values are expected to be grouped into the same LCG, this allows the network to allocate UL grants appropriately based on different QoS requirements. As different numerologies are indirectly associated with a set of QoS parameters, we believe that LTE framework for BSR can be reused to support multiple numerologies without significant modification. For the case of multiple services operation, logical channels belonging to different services (e.g. URLLC and eMBB) can be grouped in different Logical Channels groups for efficient scheduling.
Proposal 2: LTE BSR mechanism is considered as baseline for NR multiple numerology operation.
For NR scheduling request framework for multiple numerology support, there has been discussion to support indication of numerology or logical channel group by SR. As, LTE scheduling request framework does not provide any indication of the logical channels for which uplink grant is required, using the same approach would result in network providing uplink grant corresponding to a default numerology. Based on transmitted BSR on the provided grant, the network can schedule resources in the desired numerology. This results in additional delay to switch the UE to desired numerology. Hence, some discussion has been initiated to support NR scheduling request mechanism indicating the logical channels or numerology for which uplink grant is required. 

In [2], different options were identified for SR framework including:

1) LTE as baseline

2) Single-bit SR with multiple SR configurations
3) Multi-bit SR with single SR configuration
Based on the observation captured in [2] and review of three main approaches, following proposal is made 

Proposal 3: Should LTE SR mechanism as baseline be found inadequate (following a careful study by RAN2), in order to efficiently support multiple services such as eMBB/URLLC/eMTC, RAN2 should study allowing the UE to have multiple single-bit SR configurations.

3   Conclusion
This paper discusses different aspects to support multiple service verticals operation simultaneously. Following observations and proposals are made in this paper:
Proposal 1:
RAN2 to discuss enhancements for SPS to support multiple service verticals operating simultaneously on different numerologies/TTIs.
Proposal 2:
LTE BSR mechanism is considered as baseline for NR multiple numerology operation.
Proposal 3:
Should LTE SR mechanism as baseline be found inadequate (following a careful study by RAN2), in order to efficiently support multiple services such as eMBB/URLLC/eMTC, RAN2 should study allowing the UE to have multiple single-bit SR configurations.
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