3GPP TSG-RAN WG2 Meeting #94
R2-163802
Nanjing, China, 23-27 May 2016

Agenda item:
9.6
Source:
Samsung
Title:
Layer 2 design to support multiple service verticals
Document for:
Discussion & Decision
1 Introduction

RAN#71 in March approved a 5G SID [1], whose initial aspect for RAN2 is to study/agree on the radio protocol architecture and procedures. New RAT is targeting to support and optimize for traffic characteristics and required QoS of new/various services such as enhanced mobile broadband (eMBB), massive machine-type-communications (mMTC), ultra-reliable and low latency communications (URLLC).
This contribution aims to identify L1/L2 features which impacts on supporting required QoS of various services and discuss the specification issues that can impact on New RAT.
2 L1/L2 features for each service vertical
2.1 L1 aspects to support service vertical 
5G SID [1] targets a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913[2] including eMBB, mMTC and URLLC. Based on these services, potential requirements such as data rate, latency, mobility, reliability, power consumption, connection density, can be different as shown Table 1 [3]. 
For instance, eMBB should gratify very high traffic, high bit rate but extreme reliability and accuracy may not be needed. On the other side, URLLC requires low latency and ultra-high reliability. To support all usage scenarios of NR, PHY numerology for each service needs to be optimized, and frame structure for new radio interface should consider all services within a single technical framework.

Table 1: Performance requirements of 5G services, i.e. eMBB, mMTC and URLLC
	
	eMBB
	mMTC
	URLLC

	Data Rate
	Very high
(e.g. peak rate 10 Gbps)
	Not much considered
	Not much considered

	Latency
	Low
	Not much considered
	Very Low
(e.g. 1 ms end-to-end)

	Mobility
	0km/h to 500km/h
	Not much considered
	Not much considered

	Reliability
	Not much considered
	Not much considered
	Very High
(e.g. Packet loss rate: as low as 1e-04)

	Power Consumption
	Not much considered
	Very Low
	Not much considered

	Connection Density
	High

(e.g. 200-2500 UEs/km2)
	Very High
(e.g.1M connections/ km2)
	High
(e.g. 10k sensor /10km2)


In RAN1 #84bis meeting [4], for instance subcarrier spacing for the NR was agreed with alternatives including 15 kHz, 17.5 kHz, 17.06 kHz and 21.33 kHz. The candidate subcarrier spacing for the NR will be discussed further if they can be supported in a scalable way from numerology perspectives [5][6][7]. Beside sub-carrier spacing, frame structures for the NR is also under discussion. NR Frame structure needs to allow efficient multiplexing of different services, such as eMBB, mMTC and URLLC. Moreover, the design of NR frame structures need to be flexible enough to address many use cases in the network [8].
Observation 1: For supporting all services within a single technical framework, New RAT considers different PHY configuration such as subcarrier spacing optimized for each service and new subframe structure which can multiplexing of different services.
According to the different PHY configuration optimized for each service, layer 2 configuration also need to be revised. For instance, subcarrier spacing of PHY can affect HARQ design with different parameter of RTT and the maximum number of retransmissions.
2.2 L2 aspects to support service vertical

Besides L1 parameter/configuration dependent issues, there are layer 2 original issues to support various QoS levels of services in layer 2 functions. The following examples provide service-specific functions and configurations in each protocol layer that could be tailored in NR. In PDCP layer, according to service vertical, potentially header compression and ciphering can be omitted. RLC also can operate with unacknowledged mode only (e.g. sensor) or acknowledged mode only (e.g. mission critical services). In MAC/PHY, carrier aggregation may not be needed in all the scenarios as it also impacts battery consumption. H-ARQ can be optimized for spectral efficiency (massive broadband), coverage (sensor, IoT), reliability (mission critical services) or latency (tactile Internet).
With differentiated service specific L2 design, NR can gratify different level QoS per each service within a single NR system. More specifically, service specific L2 design can have benefits including reduction of system overhead, optimized support for the required mobility level and UE energy efficiency enhancement as following examples:
Reduce system overhead
L2 operation for NR is desirable to minimize common broadcast signals and channels as well as UE feedbacks. Services specific L2 can reduce system overhead with the optimized transmission period of common broadcast signalling such as synchronization, system information, reference signal and feedbacks. 
For instance, if different dedicated radio resource is allocated for each service, common control signal can be transmitted with independent period in L2. NR above 6GHz is supposed to operate on wider bandwidth with analog/digital beamforming, and the use of beamforming may lead to heavy system overhead. The overhead of common broadcast signalling can be multiplied with the number of TX and/or RX beam, thus NR needs to minimize the size of payload of ‘common SI information’ as much as possible. We can consider defining short SI information for bands above 6GHz with long duty cycle.
Optimized support for mobility
The Mobility on demand concept [9] is considered in the Mobility framework of SA2, which enables the operator to provide different levels of mobility. By limiting the mobility support for certain UEs or sessions, the operator could benefit in terms of system complexity and costs. 

L2 can also differentiate mobility support level based on QoS requirement of each service to reduce control signalling of handover and save UE power consumption for continuous measurement. For example, URLLC needs full mobility support with intra/inter cell measurement and handover. On the contrary, the handover may not be essential for best effort eMBB or mMTC. For stationary devices or latency insensitive services, cell selection/reselection type mobility can be considered. To support the on-demand mobility, physical signals such as synchronization signals and reference signals can be configured accordingly to minimize PHY overhead and NW energy consumption.
L2 features enhancing UE energy efficiency  
To enhance UE battery life, L2 for NR needs to control the RRC state transition of idle to connected using access resource per service as a method to suppress too frequent system access e.g., due to keep alive packets from applications. mMTC service with low latency requirement can be delayed by sparse RACH resources configuration. On the other hands, low latency service such as URLLC should be allowed to access the system with higher priority and RACH resource can be configured accordingly.
For the RRC connected state, L2 can also accelerate early transition to DRX or idle state by shortening inactivity timer and UE inactivity timer that define the time duration before entering DRX state and idle state from the last traffic arrival respectively, per service. For delay insensitive service such as mMTC with sparse traffic arrival, we can apply short inactivity timer which can save UE energy consumption. 
Overall, from the initial stage, the whole NR procedures/signals design could be studied considering service-specific optimization in addition to the examples given above.
 Proposal 1: RAN2 is requested to discuss for which of the listed aspects, the RAN should be able to control a different setting for different services/verticals.
3 L1/L2 specification issues
As we discussed in the previous section, L1/L2 for NR need to be optimized for QoS of each services. The combination of PHY resource component and L2 configuration can be defined as a RAN Slice which optimizes RAN design for each service. 
A PHY slice denotes a different numerology and resource component per service, and a MAC slice can be a set of different functions of L2. Regardless of the number of PHY and MAC entities, RAN slice can be defined with service-specific function and configuration set of RRC, PDCP, RLC, MAC and PHY as shown in Fig. 1.
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Figure 1:  Example of RAN slice with L1/L2 configuration optimized for multiple services
The RAN slice is optimized for various services such as eMBB, mMTC and URLLC. Thus each RAN slice is supposed to have different functions, resources and configuration parameters optimized based on traffic characteristics and required QoS of specific services. It is clear that different service verticals will require different handling/configuration by the RAN protocol layers. From core network to PHY layer, QoE/QoS control can be optimized in a service-specific way.
It remains to be studied how this different handling/configuration can best be modelled. For instance, RAN slice may be handled based on legacy bearer specific configurations, or the bearer configuration should be extend for flexibility and RAN may need to introduce new modelling concepts to ensure proper handling.

Proposal 2: RAN2 is requested to study how to best model the differences in configuration for the different services/verticals as part of the RRC configuration.
4 Conclusion

Based on the above, RAN2 is requested to discuss and if possible agree on the following proposals:

Observation 1: For supporting all services within a single technical framework, New RAT considers different PHY configuration such as subcarrier spacing optimized for each service and new subframe structure which can multiplexing of different services. 
 Proposal 1: RAN2 is requested to discuss for which of the listed aspects, the RAN should be able to control a different setting for different services/verticals.
Proposal 2: RAN2 is requested to study how to best model the differences in configuration for the different services/verticals as part of the RRC configuration.
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