3GPP TSG-RAN WG2 Meeting #96
R2- 168175
Reno, Nevada, USA, 14 - 18 November 2016
Agenda item:
9.2.1.2
Source: 
Samsung
Title: 
MAC Aspects to Support Multiple Service Verticals
Document for:
Discussion and Decision
1   Introduction

RAN#71 in March approved NR SID. One of the objectives of SID is to study mechanism to support efficient multiplexing of traffic for different service verticals and use cases on the same contiguous bock of spectrum. In this contribution we discuss the MAC aspects of supporting multiple verticals concurrently.
In RAN2#95bis support of multiple PHY numerologies was discussed and following agreement was made [1]:

Agreements

1
The eNB should have means to control which logical channels the UE may map to which numerology and/or TTIs with variable duration. Details FFS (e.g. whether semi-static or dynamic, hard split/soft split, etc)

2
A UE can support multiple numerologies from a single cell. FFS whether this is modelled as 1 or multiple MAC entities.
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 PHY numerologies supporting different service verticals concurrently.

In this paper, we discuss some of the aspects related to multiple service verticals operation, which are applicable for both single MAC entity and multiple MAC entity scenarios.
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 study enhancements for SPS to support multiple service verticals operating simultaneously on different carriers/PHY numerologies.
Buffer Status Report

In LTE, BSR can be sent on either PCell or SCell with available buffer size for one or more logical channel groups (LCG). Currently, there are 4 logical channel groups available in LTE which are used to classify different DRBs into QoS groups. 

Since each service vertical is expected to have its own set of logical channels, BSR is required to be supported for each service vertical in operation. The LTE mechanism may work for NR without further enhancements if multiple MAC entities are considered for multiple verticals operation, but may require some enhancements for the case of single MAC entity is used. This is especially applicable for the case when each vertical may require its own set of QoS groups, and hence the current range of LCG may not suffice to indicate buffer status for different service vertical. 
This, if required, can be addressed by increasing the value range of LCG keeping in mind different QoS requirements by the services which may be deployed for NR. This approach requires minimal changes in the design of BSR. The other approach which can be considered is to map BSR for a given vertical to specific resource allocation, for e.g. mapping between BSR of a vertical to an HARQ entity. Since with this approach, each vertical would have its own set of LCGs, it fares well with respect to forward compatibility requirement for NR as future services can be deployed easily without any consideration to range of LCG values. 
Proposal 2: RAN2 to study if LTE BSR mechanism can support multiple service verticals operating concurrently on different carriers.
2.2   Mobility Aspects for Multiple Service Verticals
Radio Link Failure
For NR, there are use cases where losing connection with one of the carriers should not lead to connection interruption of service verticals deployed on other functional carriers, hence RLF and connection re-establishment procedures may need to be revisited for NR. If carriers are operating on significantly different frequency spectrum as compared to primary carrier (for e.g. primary carrier operating on above 6 GHz and secondary carriers on sub 6GHz), it would be quite probable that primary carrier may experience RLF while other carriers observe reasonable radio link quality.

Some enhancements which can be considered are:
1) Allowing radio link failure to only affect one or a subset of carriers. As radio link failure occurs in primary carrier, one of the other carriers which are not affected by RLF can be used to perform primary carrier operations.
2) Enhancing the connection re-establishment procedure to resume the connection to one of the secondary carriers if available.

Proposal 3: RAN2 is requested to study mechanisms for seamless connectivity and mobility procedures for concurrent operation of multiple service verticals in different carriers.
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 study enhancements for SPS to support multiple service verticals operating simultaneously on different carriers/PHY numerologies.
Proposal 2:
RAN2 to study if LTE BSR mechanism can support multiple service verticals operating concurrently on different carriers.
Proposal 3:
RAN2 is requested to study mechanisms for seamless connectivity and mobility procedures for concurrent operation of multiple service verticals in different carriers.
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