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1	Introduction
The new SI for the next generation access was approved in 3GPP TSG RAN #71 meeting [1]. The new radio (NR) access technology not only allows the support of the existing services, but also allows the development of new services rapidly and efficiently [2]. Different from LTE, service-oriented communication should be realized by providing the necessary treatments for the services satisfying the high QoS requirements. This paper discusses a couple of QoS related enhancements for the NR access technology. 
2	Dynamic TTI length
It is well known that user-plane latency is associated with TTI length, as quantization and retransmissions are related to TTI length. However, TTI length is also related to overhead and longer TTIs will bring larger TB size and thus lower Layer2 overhead. Shortened TTI can improve TCP throughput due to the reduced HARQ RTT and thus a shortened TCP round trip delay. It enables a high CWND growing speed and finally a higher TCP throughput in the slow start (SS) state. However, the side effect of shortened TTI is the larger overhead on both PHY and Layer 2, which extends the latency to complete the transportation. So the gain on the latency reduction for transferring a file actually depends on the trade off between the TTI length and the overhead. 
Observation 1: Shortened TTI length will bring short UP latency but at the cost of more overhead; long TTI length will bring low overhead, but at the cost of longer UP latency. 
For TCP traffic it is also well known that the ramping up of throughput during SS is very dependent on the latency. When UE’s TCP connection is in SS state, CWND grows exponentially with time, so in this case using shortened TTI can boost CWND growth and efficiently increase TCP throughput. For TCP traffic in general, the QOE is limited in the beginning by latency, but when the SS state is finished and TCP goes into congestion avoidance (CA) state. CWND grows linearly with time, so using shortened TTI has limited gain in increasing CWND. The overall performance is instead limited by lower layers throughput rather than latency, and in this phase it is best to optimize for maximum throughput, i.e. long TTI.
Observation 2: In CWND state, shortened TTI is beneficial for quicker TCP throughput growing; in CA state, long TTI is used to optimize the maximum throughput.
Proposal 1: Dynamic TTI length shall be considered as a method to trade off between latency and overhead and as a method to optimize TCP performance. 
3	Out of Sequence Delivery
In order to guarantee the user experienced data rate, both the requirements on data rate, latency and reliability need to be considered. One typical operation is AM operation, which requires in-sequence delivery through ARQ operation and push-window based reordering. We note that in-sequence delivery of SDUs also brings a cost, in terms of latency, as there is head of line blocking in the receiver. So RLC RTT for one SDU is not only determined by the transmission latency over the air interface, but also by the availability of the older packets in the layer2 buffer requiring in-sequence delivery. Longer RLC RTT means longer TCP RTT, which may reduce the TCP throughput. It also impairs the UE experience if the on-going service is delay-sensitive. Out-of-sequence delivery can be considered to further reduce the RLC RTT if in-sequence delivery is not necessarily required. 
Observation 3: In-sequence delivery brings longer latency compared with out of sequence delivery. 
We further note that in many cases all traffic of different services on OTT (over-the-top) applications are delivered over default bearers without finer granularity QoS differentiation. For example, the delay sensitive packets like UDP packets may also be carried by default bearer and the real-time chatting services are usually multiplexed with other TCP services. In-sequence delivery makes the SDUs’ absence of one traffic flow block the delivery of SDUs of another traffic flow. Actually, the UDP SDUs can be delivered to upper layer without waiting for the in-sequence SDUs of the TCP services. Furthermore, the application can also handle out of sequence delivery itself. 
Observation 4: Currently all traffic of different services on OTT (over-the-top) applications are delivered over default bearers without finer granularity QoS differentiation. 
Proposal 2: Out of sequence delivery shall be considered as an option to reduce latency. 
4	Connectionless communication
We note that non-necessary shortcuts are taken today, where all QoS-differentiated traffics are on different bearers.  It brings logical simplicity to the transmission system but also brings non-necessary overhead in establishing and managing the bearers for each QoS class. 
In general, as opposed to LTE, QoS differentiation could be applied also in connectionless communication. For example there could be several different queues and the queue could be selected based on other criteria than bearer. The QCI could be provided with the data (e.g. in the packet), which could determine the QoS class of the traffic. The positive effect of having the forever bearers is that the overhead in bearer management is significantly reduced. 
Proposal 3: QoS differentiation within bearers shall be possible. 
5	Conclusions
In this contribution, we discussed the potential QoS related enhancements for the NR access technology. Based on the observations that: 
Observation 1: Short TTI length will bring short UP latency but at the cost of more overhead; long TTI length will bring low UP overhead, but at the cost of long UP latency. 
Observation 2: In CWND state, shortened TTI is beneficial for quicker TCP throughput growing; in CA state, longer TTI is used to optimize the maximum throughput;
Observation 3: In-sequence delivery brings longer latency compared with out of sequency delivery. 
Observation 4: Currently all traffic of different services on OTT (over-the-top) applications are delivered over default bearers without finer granularity QoS differentiation. 
We make the following proposals:
Proposal 1: Dynamic TTI length shall be considered as a method to trade off between latency and overhead and a method to optimize TCP performance. 
Proposal 2: Out of sequence delivery shall be considered as an option to reduce latency. 
Proposal 3: QoS differentiation within bearers shall be possible. 
6	Reference
[1] RP-160671 New SID Proposal: Study on Next Generation New Radio Access Technology NTT DOCOMO, INC
[2] RPa160082, TS3GPP TR 38.913 V0.2.0



