3GPP TSG-RAN WG1#NR
R1-1701145
Spokane, U.S.A., January 16-20, 2017
Agenda item:

5.1.4
Source:
Nokia, Alcatel-Lucent Shanghai Bell 
Title:
On the benefits of mini-slot for eMBB use cases
Document for:

Discussion and Decision
1
Introduction
In this contribution we address the benefits of also using scheduling on mini-slot resolution for eMBB services, when operating with sub-carrier spacing of 15 kHz. Our main message is that the use of mini-slots is not only having benefits for scheduling of URLLC, but also offer advantages for several eMBB use cases depending on scenario, traffic load conditions, etc. We argue that the usage of certain TTI sizes (mini-slot, slot, or multiple of slots) is not hardcoded per service, but is up to the gNB scheduler to decide.
2
Benefits of shorter TTI sizes
2.1    General considerations

The benefits of using short TTI sizes (as compared to longer TTI sizes) is reduced air interface round trip time, while the cost of this is higher signalling (e.g. for having to send more often scheduling allocations). So far, the motivation for scheduling on mini-slot resolution for the NR has been mainly driven by fulfilling the URLLC requirements when operating with 15 kHz sub-carrier spacing. However, URLLC is not the only traffic category that could benefit from scheduling with a short TTI on mini-slot resolution. There exists also several other use cases for the eMBB traffic category, where scheduling with mini-slot resolution could be beneficial as offering reduced air interface RTT. Some examples are:
· Within the eMBB traffic category, there will be many applications that run over TCP. Here it is an advantage to have a short RRT to quickly overcome the slow start TCP phase.

· Gaming applications fall within the eMBB category, where latency of e.g. critical control messages will benefit from scheduling with short TTI size.

· Fast expedition of other small eMBB payloads could also benefit from using short TTI sizes; e.g. from being able to quick “pack” and send such data on the air interface.
Given this starting, we provide further evidence in the following two subsections to support the above claims. We start by first summarizing some of the findings from recent LTE latency reduction studies [1]. Although the LTE study in [1] was mainly conducted for FDD, naturally not taking into account the recent NR agreements, it still offers some useful insight for the benefits of using shorter TTI sizes. Secondly, we summarize findings from a recent 5G system level performance study.
2.2    Summary of conclusions from LTE Rel-13 studies

The benefits of using a short TTI size was earlier studied for LTE in [1]. Focusing mainly on (e)MBB use cases, and naturally using 15 kHz subcarrier spacing. Short TTI sizes of 2-symbols (i.e. similarly as considered for NR mini-slot) were considered. From the study in [1], the follow was concluded (quotes):
For TTI shortening, the potential gain depends on the following aspects:

-
Delays in the core network and Internet also impact the UE perceived throughput. If these delays dominate over radio network delays, latency reduction techniques will be less efficient.

-
In high loaded cells, or in situations where the available scheduled Uu bitrate is low, e.g. due to radio conditions, user data is queued before transmitting. This has an impact on User Throughput. In these scenarios, efforts to reduce radio latency will be less important as the limited availability of UL resources may result in reduced performance as the queuing delay dominates over the radio delay.

-
By reducing the TTI length, the network can schedule the UE faster, which reduces the RTT. A reduction in RTT increases the TCP throughput. A reduction of TTI length may also increase the system capacity for small data transmission.

- 
For file transfers using TCP, the amount of UPT gain provided by shorter TTI may decrease with larger file size.

-
With reduced TTI length, the processing time may be reduced with a resulting scaling of the RTT and HARQ RTT. Shortening the TTI gives a larger latency reduction effect compared to only shortened processing time(s).

-
A reduction of TTI length may require additional L1 overhead e.g. CRC, RS, DCI, UCI and result in a relative increase of L2 headers. Increased overhead will to some extent limit the User Throughput gain from TTI reduction.

In summary, this study concluded that there are benefits of using short TTI sizes for (e)MBB services. Especially at low to medium offered cell load conditions, and for case with short file size transfer. At high offered load the benefits of using short TTI sizes in more questionable, and hence using longer TTI would be preferable. Although we can not directly translate the exact performance figures from that LTE study to the NR, we believe that it does indicate that both scheduling on mini-slot (short TTI) and slot(s) (long TTI) will be useful for eMBB traffic.

2.3    Findings from recent NR system level performance studies

In a recently published 5G system level simulation study [2], the benefits of using different TTI sizes was also investigated. Assuming 15 kHz subcarrier spacing, and considering TTI sizes of 2, 7, and 14 OFDM symbols. The performance of file download over TCP was assessed, investigating both download of short and long file sizes, under low and high offered traffic conditions. In summary, the following was concluded:
· At low to medium offered loads, there are significant benefits of scheduling the users with the short TTI size of 2-symbols (i.e. corresponding to mini-slot resolution).

· The benefit of scheduling with the short TTI size is highest for download of short file sizes, where the slow start TCP phase is most dominant. The benefits are visible in the experienced TCP throughput and the TCP RTT.

· At higher offered load, the best performance is achieved by scheduling the users with a longer TTI size (14 symbols). Using the longer TTI size helps reduce the signalling overhead (i.e. increased air interface throughput) and thereby reduce the occurance of gNB scheduling queuing delays that would otherwise be dominating the RTT.

Hence, also from that study it is found that there are benefits of being able to switch between scheduling with short and long TTI sizes depending the users traffic conditions (i.e. based on their QoS requirements), cell load conditions, and their radio conditions. The study therefore confirms the benefit of also being able to schedule eMBB type of users with mini-slot resolution for several use cases.
Whether the scheduling resolution is on mini-slot, slot, or multiple of slots shall therefore not be hardcoded per service category (URLLC, eMBB, mMTC) for the NR. It is up to the gNB scheduler implementation to decide how users are best scheduled.
4
Conclusion
This contribution is concluded as follows:
· Observation: There are several use cases where scheduling with mini-slot resolution (with 15 kHz subcarrier spacig) is offering performance benefits for eMBB type of traffic. One such example is transmission of short to medium size file sizes over TCP.
· Proposal: It should be captured in the 3GPP Technical Report 38.802 that mini-slot usage is not exclusively for meeting the URLLC requirements, but also offer benefits for eMBB use cases depending on the traffic conditions (i.e. type of eMBB traffic, cell load, etc.). It is up to the gNB scheduler to decide the scheduled TTI size (mini-slot, slot, or multiple of slots) for the UEs. 
References
[1] 3GPP Technical Report 36.881, Study on latency reduction techniques for LTE (Release 13)

[2] K.I. Pedersen, M. Niparko, J. Steiner, J. Oszmianski, L. Mudolo, S.R. Khosravirad, ”System Level 
   Analysis of Dynamic User-Centric Scheduling for a Flexible 5G Design”, in IEEE Proc. Globecom, 
   December 2016.

