3GPP TSG RAN WG1 Meeting #85
R1-164036
Nanjing, China, May 23-27, 2016
Agenda Item:
7.1.3.2
Source:
Huawei, HiSilicon
Title:
Multiple access for UL small packets transmission
Document for:
Discussion and decision
1 Introduction

In RAN1#84bis meeting, there are the following agreements made for multiple access (MA)
	Agreements:
· Non-orthogonal multiple access should be investigated for diversified NR usage scenarios and use cases

· At least for UL mMTC, autonomous/grant-free/contention based non-orthogonal multiple access should be studied


In this contribution, we will consider aspects on small packet transmission, and also discuss the use cases of UL small packets transmission in the diversified NR usage scenarios.
2 Background 
2.1 Small packets transmission in LTE

The study in 3GPP on physical layer aspects for small packets transmission began in Rel-12 with the machine-type communications (MTC) and its evolution (referred to as eMTC) in Rel-13, as well as the SI/WI of Narrowband IoT (NB-IoT) [1-4]. For simplicity, we use “MTC type” when referring to MTC of Rel-12 and/or eMTC, and NB-IoT of Rel-13.  
For MTC, one of the motivations is to meet the emerging business opportunity of Internet of Things (IoT), specifically the need for deep coverage such as indoor smart metering deployments. Considering the traffic model, the UE bandwidth is restricted to a narrow band for transmission to realize the large connectivity and reduced UE complexity. 
2.2 Small packets transmission in NR
On the other hand, as required in SID [5], the Phase I design of new RAT should be inherently forward compatible with Phase II specification, and smooth future evolution beyond Phase II needs to be ensured to enable support of service requirements identified later than 2019. Therefore small packets transmission with a wider scope beyond the deep coverage area which was studied in MTC type transmission would be required considering the diversified NR usage scenarios. Examples would be the low rate camera surveillance in dense urban and wearable devices in mobile environment. 
Observation 1: Small packets transmission exists beyond the MTC type transmission.
3 Grant-free contention based multiple access 

In NR study, different deployment scenarios and KPIs would be discussed for each scenario while still targeting a single technical framework [6]. The small packets traffic that widely exists in diversified NR usage scenarios would have significant impacts on the targeted single technical framework design, and in our view, grant-free contention based transmission for small packets would play an important role in the design of the multiple access for the NR.

The grant-free contention based scheme can support an “arrive and go” mechanism, meaning the packet can be transmitted in an on-demand basis without scheduling according to the traffic. In grant-free transmission scheme, a UE will transmit its packets in a pre-allocated resource region/slot, and uses only a few predefined modulation and coding (MCS) schemes to reduce the blind and joint detection complexity. This will have a significant saving, compared to grant-based scheme, in signaling overhead and latency for applications such as infrequent small packets. Figure 1 illustrates an example on grant-free and contention based transmissions (where ACK/NACK messages are not shown). Compared with LTE grant-based transmissions, the messages in random access procedure (and even the following UL grant for scheduling) are not necessary, so it can save at least 4 UL/DL signaling messages as well as the associated transmission time.
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Figure 1 Grant-free contention based "arrive and go" transmissions

Because of the characteristics of small packets traffic, i.e. sporadically and with burstiness in the uplink in NR, signal collision over the shared access resource among multiple accessing UEs is unavoidable. Following the agreement on grant-free transmission in RAN1#84bis, we have the following proposal: 
Proposal 1: Performance in the presence of collision shall be an important metric for the evaluation of grant-free contention based multiple access schemes.  
For non-orthogonal MA, there is an inherent benefit that multiple UEs’ signals can be simultaneously transmitted over shared resource so as to enable very high spectrum efficiency. Combining the non-orthogonal MA with grant-free transmission scheme, the access robustness towards collision can be improved. The performance may depend on the implemented non-orthogonal MA schemes and the various design aspects such as MCS selections and the HARQ operations. Moreover, in the evaluation of grant-free non- orthogonal MA, some additional considerations are given below for the three main use cases.
mMTC: According to [7]
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[8], per-device mMTC traffic would significantly increase by more than ten times for the next 10 years into IMT-2020 (5G) time frame. Thus, the support of overloaded traffic is the fundamental capability for mMTC. The reduction of signaling overhead is another important consideration from the resource utilization efficiency perspective.
URLLC: Small packets mentioned in [5] for reliability can still be considered as dominate delivery in URLLC. This is because reliability within target latency is required mainly for transmitting a short command message for safety purpose rather than continuous traffic type, voice and video for instance. The very likely use cases for URLLC include such as connected car in eV2X and remote control of critical robotics in the so-called Industry 4.0. To fulfill the requirement of latency and reliability, grant-free which enables an “arrive and go” mechanism is promising and the robustness against collision by using non-orthogonal MA scheme is highly desired. 
eMBB: Application examples for eMBB are such as video streaming and video calls. For these enhanced multimedia services, the large packets would mainly carried in DL and sporadic small packets carrying interacting data, e.g. latency report and speed adjustment, from UE to control the video would dominate in the UL. As wideband frequency resource is used in eMBB, it is efficient also to support non-eMBB use cases within the assigned resource, e.g. URLLC. These autonomously reported command message from UEs in URLLC requires resource availability and robustness to multi-user interference, while UEs in eMBB also expect sufficient resource to guarantee uniform user experience. A non-orthogonal MA scheme supports efficient multiplexing of these UEs with various traffic types which efficiently reduces interruption to large packet transmission while improving user experienced data rate for latency sensitive applications. 
Observation 2: Grant-free contention based transmission provide benefits in terms of connection efficiency and signaling overhead and latency reduction that are applicable for mMTC, URLLC and eMBB.
Proposal 2: Grant-free contention based transmission should also be studied for URLLC and eMBB at least in the UL.
4 Conclusions
In this contribution we discussed small packets transmission and the study of grant-free contention based non-orthogonal MA for those traffic. In summary, we have the following observation and proposals:
Observation 1: Small packets transmission exists beyond the MTC type transmission.
Observation 2: Grant-free contention based transmission provide benefits in terms of connection efficiency and signaling overhead and latency reduction that are applicable for mMTC, URLLC and eMBB.
Proposal 1: Performance in the presence of collision shall be an important metric for the evaluation of grant-free contention based multiple access schemes.  
Proposal 2: Grant-free contention based transmission should also be studied for URLLC and eMBB at least in the UL.
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