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1. Introduction
This SI aims to study the following areas in RAN2 group:
· Reducing UP latency for UEs in RRC connected which are active: 
· Reducing UP latency for UEs in RRC connected which are inactive for long time, 
In this contribution, we shall propose some principles about how to select the candidate solutions, so that RAN2 could achieve more efficient and convergent work for this SI.  We shall also analyze some important parts of UP latency and give trade-off suggestions on the solutions.
2. Discussions
In the justification of this SI, it's proposed to study latency reduction solutions for various applications, e.g. gaming, VoLTE/OTT VoIP, video telephony/conferencing, remote control, driving of vehicles, virtual reality applications like smart glasses, virtual office or specific machine communications requiring low latency. Since all of these applications cover most typical data transmission models, e.g. frequent/infrequent, small/big data, periodic/random, critical/normal, and by considering fast increase of UE number and critical communications(e.g. driving safety, factory machine control), we suggest that the principles for studying solutions should at least include:
· The solutions applicable for most cases, i.e. little limitation due to low/high system load, the size of packet, the number of active users. etc, should be prioritized.
· Solutions which are limited to very specific cases, e.g. only fit for low load system or small number of active users, significant complexity and big impacts to the specification with little benefit, should be deprioritized or abandoned.
· With considering the progress and potential introduction of new PHY schemes to 3GPP in the future, e.g. short TTI length which will be studied in this SI, Non-orthogonal multiple access, we should consider the forward compatibility issue with these PHY schemes when selecting the candidate solutions.
Proposal 1: It's proposed to follow above principles when selecting the candidate solutions.
Different enhancement solutions bring different gains to the UP latency reduction, some solutions can be applied in parallel and some will impact each other. Before discussing any specific solution, we still don't know how much benefit we want to achieve for the latency reduction. Some normal applications may only need small latency enhancements, and some other critical applications need big enhancements, which one do we prefer?

Proposal 2: Before discussing any specific solution, it's proposed to firstly get common views on the target of latency reduction, i.e. do we want generic enhancements applicable for most applications or specific enhancements for some critical applications, or both.
The essential parts contributing to UP latency include:

For the uplink as shown in Figure 1: 
· SR phase in UE: 
· PUCCH waiting: average 0.5ms minimum assuming 1 ms SR period
· SR sending: 1ms
· eNB phase: 
· eNB processing (decodes Scheduling Request and generates the Scheduling Grant): 3ms 
· UL grant sending: 1ms
· Transmission phase: 
· UE processing after receiving UL grant(decoding of scheduling grant + L1 encoding of UL data): 3ms

· TB transmission: 1ms
· HARQ phase: it depends on retransmission rate.
· Synchronizing phase for the long inactive UE which has lost UL sync: contention-based RA with UL data arrival 
· PRACH waiting: average 0.5ms assuming maximum PRACH configuration
· 4 step RA procedure: about 13ms 
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figure 1. the UP latency of UL data arrived composition
Totally the UP latency of uplink transmission takes at least 9.5ms, and it can take more time with different SR resource setting. 
For the downlink: 
· Synchronizing phase for the long inactive UE: non-contention-based RA with DL data arrival including PDCCH order 
· PRACH waiting: average 0.5ms assuming maximum PRACH configuration

· 2 step RA procedure: about 5ms 

· HARQ phase: it depends on retransmission rate.
There's no room for further latency reduction of downlink transmission of active UE, the only improvement case for DL is for inactive UE losing UL sync. In above different parts of UP latency, the minimum size of SR phase is 0.5ms(with 1ms SR period) which seems not big, but by considering the PUCCH capacity limitation, the SR period is usually configured with big value in reality, e.g. 5ms SR period which corresponds to 2.5ms average SR phase latency, and it will be even bigger with the increase of UE number, so enhancements on SR mechanism could be considered.
HARQ related enhancements should not be discussed in RAN2, as it is RAN1 leading topic.

Proposal 3: HARQ related enhancements are not in the scope of RAN2
For the synchronizing phase for the long inactive UE which has lost UL sync, enhancements on contention-based/non contention-based RA could be considered, but by considering the critical level of latency requirement for some applications, efficient maintaining the UL sync is also a suitable way, the tradeoffs should be discussed when studying this part.
Proposal 4: For the long inactive UE, tradeoffs should be firstly discussed between recovering UL sync and efficient maintaining UL sync.
For enhancements of UL grant and Transmission phase, contention based solutions was proposed and discussed in previous meetings. In RAN#46 a similar WI 'LTE Latency improvement' also focused on LTE UP latency reduction [1]. Three competitive solutions based on contention based concept were proposed and evaluated during that WI:

· CB-PUSCH ( Contention Based transmission at PUSCH ): UE performs PUSCH Tx without sending SR [2]; 
· Shared D-SR: Mainly addressed to the PUCCH resource capacity issue [3];

· CB-PUSCH with D-SR: UE sends SR and the TB on the shared resource “simultaneously” , eNB identify the UEs received SR [4];

Finally no consensus was achieved in the end since each solution has its limitation. CB PUSCH solutions bring latency gain only in very specific cases, e.g. low load system, small data, small number of CB users, and with significant complexity and inefficient usage of CB resources. Shared D-SR mainly targets at PUCCH resource capacity issue and has limitations of SR collision and follow-up eNB identifying problem which also brings additional complexity. 

Since the contention based concept has been discussed a lot, it may not be applicable in this SI due to unjustified gains. We suggest that the contention based solutions should be considered as low priority unless simple and efficient collision-resolution scheme is to be introduced, e.g. non-orthogonal multiple access.
Proposal 5: It's proposed to consider contention-based solutions as low priority due to limited usage cases, additional complexity and inefficient gain.
3. Conclusions
In this contribution, we have given suggestions about the principles for selecting candidate solutions:
· The solutions applicable for most cases, i.e. little limitation due to low/high system load, the size of packet, the number of active users. etc, should be prioritized.

· Solutions which are limited to very specific cases, e.g. only fit for low load system or small number of active users, significant complexity and big impacts to the specification with little benefit, should be deprioritized or abandoned.

· With considering the progress and potential introduction of new PHY schemes to 3GPP in the future, e.g. short TTI length which will be studied in this SI, Non-orthogonal multiple access, we should consider the forward compatibility issue with these PHY schemes when selecting the candidate solutions.

Proposal 1: It's proposed to follow above principles when selecting the candidate solutions.
Proposal 2: Before discussing any specific solution, it's proposed to firstly get common views on the target of latency reduction, i.e. do we want generic enhancements applicable for most applications or specific enhancements for some critical applications, or both.
Proposal 3: HARQ related enhancements are not in the scope of RAN2
Proposal 4: For the long inactive UE, tradeoffs should be firstly discussed between recovering UL sync and efficient maintaining UL sync.
Proposal 5: It's proposed to consider contention-based solutions as low priority due to limited usage cases, additional complexity and inefficient gain.
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