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1. Introduction
At TSG-RAN#67, the new study item on latency reduction techniques for LTE was approved [1]. The objective of the study identifies two technical areas to reduce packet data latency as follows; 
	· Fast uplink access solutions [RAN2]:

· From RAN1#83: TTI shortening and reduced processing times [RAN1]:


The fast uplink access solution is expected to improve resource efficiency comparing to some implementation techniques with and without preserving the current TTI length and processing time, i.e., TTI shortening. 
In this contribution, the initial consideration to study on fast uplink access solution is provided. 
2. Discussion
2.1. Working assumptions 
The motivation documents of this study show that the current standardized mechanism for uplink resource allocation compress the potential throughput performance of LTE from TCP throughput perspective [2]

 REF _Ref414386896 \w \h 
[3]. The degradation of TCP throughput is caused by the TCP slow start algorithm due to round-trip-time latency, i.e., TCP-ACK transmission in UL. So, the fast uplink access solution is expected to improve user experiences provided by upper layer built on TCP layer. 
For the working assumptions, the SID mentions for the fast uplink access solutions [1]; 
	The study area includes resource efficiency, including air interface capacity, battery lifetime, control channel resources, specification impact and technical feasibility. Both FDD and TDD duplex modes are considered. 
As first aspect, potential gains like reduced response time and improved TCP throughput due to latency improvements on typical applications and use cases are identified and documented. In this evaluation RAN2 may assume latency reductions due to protocol enhancements as well as shortened TTIs. In conclusion, this aspect of the study is supposed to show what latency reductions would be desirable [RAN2]. 


The solutions are expected to improve network capacity, UE power consumption, control channel resources. Especially, improved TCP throughput could be considered as a key performance indicator. 
Observation 1 DL TCP throughput is expected to be improved by UL latency reduction solutions. 
For the fast uplink access solution-specific aspect; 

	· for active UEs and UEs that have been inactive a longer time, but are kept in RRC Connected, focus should be on reducing user plane latency for the scheduled UL transmission and getting a more resource efficient solution with protocol and signaling enhancements, compared to the pre-scheduling solutions allowed by the standard today, both with and without preserving the current TTI length and processing times;


The active UE is assumed to be transmitting/receiving the data continuously, so the UE is considered to be in Active Time, i.e., DRX is not applied because of the inactivity timer running. 

Observation 2 UEs in Active Time are taken into account. 

The UE that has been inactive for a longer time but is kept in RRC Connected could be interpreted that the UE applies the long DRX cycle and needs at least to send SR and BSR to perform uplink transmission. In addition, when the time alignment timer, TAT, has expired the UE initiates the random access procedure before SR transmission, which degrades user experience, i.e., response time in practice. 
Observation 3 UEs applying long DRX cycle and without UL grant are taken into consideration. 
Observation 4 Time alignment timer may have expired if the UE has been inactive for a long time. 
Compared to the pre-scheduling solution, the fast uplink access solution should be more resource efficient even if the current TTI length and processing times are assumed. The TTI shortening is more generic solution and is expected to reduce the latency of uplink access latency as well as downlink delivery thanks to increased HARQ interactions. 
Observation 5 The fast uplink solution has gains independent of TTI shortening approach. 
It is mentioned in the motivation documents [2][3] that a possible approach for the fast uplink access is based on an implementation technique, the pre-scheduling whereby the eNB allocates uplink resources before SR reception. However, the pre-scheduling technique consumes radio resources in uplink (i.e., PUSCH) and downlink control channel (i.e., PDCCH) even if the UE has no uplink data to send. It is also discussed in [2] that in case the existing SPS is used for the pre-scheduling, the UE needs to transmit padding data to avoid the implicit release of configured SPS resources. So, the motivation documents proposed that standardized approaches are expected to enhance the pre-scheduling technique, which may include pre-grant, SPS-like mechanism, no padding when no data is available and/or smooth transition to dynamic scheduling. 
Observation 6 The standardized approach is expected to enhance resource efficiency compared to the implementation technique. 
2.2. Typical use cases 
The increase of today’s mobile traffic is caused by the growth of mobile video traffic and this trend is expected to dominate future traffic according to public reports [4]
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[5]. It is  well-known that video streaming typically uses TCP (HTTP over TCP), unless it’s for live-streaming (over UDP). So, the use case of video streaming is in-line with the scope of this study. 
The reports [4]
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[5] also point out that the social networking and web browsing use mobile traffic as the second dominant applications, whereby these applications are typically built on HTTP and therefore uses TCP. As many 3GPP delegates are already familiar with, the 3GPP FTP service may be continually accessed by each delegate to download Tdocs, which also uses TCP. Therefore, the behaviours on the applications built on HTTP or FTP should be considered as typical use cases. 
Proposal 1 User behaviours on the applications built on HTTP and FTP should be considered as typical use cases in this study. 
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Fig. 1
Top five apps by mobile traffic volume [4] (left) / Analyzing mobile applications [5] (right)
The most typical behaviour on such application can be modelled as a request/response dialog. For example, when the user wants to download a file over FTP, the client sends the RETR command (a.k.a., get) to the server first and then the file downloading starts. The same behaviour is also applicable to HTTP, whereby the web browser sends GET first then the webpage is downloaded when the user opens the webpage, as illustrated in Fig. 2. Considering the typical behaviour, RAN2 should discuss whether the first uplink data transmission in advance of corresponding DL TCP packet (e.g., a request like GET) can be just assumed or should be also enhanced in the fast uplink access solutions. 
Proposal 2 RAN2 should discuss whether the first uplink data transmission in advance of corresponding DL TCP packet can be just assumed or should be also enhanced in the fast uplink access solutions.
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Fig. 2
Modelling of typical use case with HTTP/FTP
2.3. Essential issues 
As mentioned in section 2.1, the critical issues leading to uplink access latency cannot be resolved by either the pre-scheduling technique or the pre-grant technique using enhanced SPS. Fig. 3 illustrates three critical issues that should be addressed by fast uplink access solutions (refer to Fig. 3). 
· Critical issue 1: DL transfer delay 
· DL transfer delay is caused by the long DRX cycle. In the worst case, the serving cell needs to wait for the transmission opportunity during 10 – 2560 subframes after DL TCP packet reception. 

· Critical issue 2: Too early/late allocation 

· Too early allocation may be caused by the pre-scheduling technique or the pre-grant approach before SR reception. On the other hand, too late allocation is possible due to the SR periodicity, i.e., the SR period [6] * sr-ProhibitTimer [7], or a scheduler implementation that is too simple, i.e., one that allocates uplink resources for the TCP ACK packet based on corresponding BSR reception (so 7 subframes after UE’s SR transmission). 
· Critical issue 3: Too much/less allocation 

· Too much/few allocation may be caused by the pre-scheduling technique or the pre-grant approach before BSR. Without knowledge of UE’s buffer status, the scheduler needs to blindly allocate the uplink resources. 
· Critical issue 4: Initial uplink delay

· As stated in Observation 4, the UE should initiate the random access procedure before any uplink transmission when TAT expires. 
Of course, smart implementations may reduce some of the negative impacts due to the three critical issues, e.g., comprehending inside of the DL IP packet and allocating uplink resources based on usage of previous uplink grants. However, the standardized approach will be expected to resolve most if not all the issues listed above. 

Proposal 3 DL transfer delay, too early/late allocation, too much/less allocation, TAT expiry should be optimized by the fast uplink access solutions. 
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Fig. 3
Possible issues 
2.4. Potential solution approaches
As discussed in section 2.3, the critical issues will not be resolved, unless the DRX, SR, BSR and/or procedures are revisited. These issues will not addressed even if the pre-grant approach using enhanced SPS [2] is applied, since the mismatch the actual grant and ideal allocation (Fig. 3) causes worse resource efficiency, including air interface capacity, battery lifetime, control channel resources [1]. 
Observation 7 While the pre-grant approach may have better performance compared to the existing implementation technique, it will still not resolve the critical issues. 
To resolve the critical issues, the following solution approaches may be considered: 
· Extended OnDuration handling in DRX for the fast DL allocation, e.g., triggered by the first UL transmission (i.e., GET). 
· Reduction of signalling round-trip for the first UL packet transmission, e.g., by integrating SR and BSR. 
· Shorter SR periodicity with less impact to spectral efficiency [RAN1]. 
· RACH procedure enhancements, e.g., with additional functionality for UL data grant . 

Therefore, RAN2 should study not only UL grant mechanism itself but also the procedures related to UL grant. 
Proposal 4 RAN2 should also study the enhancements of DRX, SR, BSR and RACH. 
3. Conclusion 
In this paper, the working assumptions are suggested based on the approved work item description. The typical use cases and the modelling are provided. Four critical issues and potential solution approaches are identified for this study. RAN2 is kindly asked to take into account the observations and proposals as follows; 
Observation 1
DL TCP throughput is expected to be improved by UL latency reduction solutions.
Observation 2
UEs in Active Time are taken into account.
Observation 3
UEs applying long DRX cycle and without UL grant are taken into consideration.
Observation 4
Time alignment timer may have expired if the UE has been inactive for a long time.
Observation 5
The fast uplink solution has gains independent of TTI shortening approach.
Observation 6
The standardized approach is expected to enhance resource efficiency compared to the implementation technique.
Proposal 1
User behaviours on the applications built on HTTP and FTP should be considered as typical use cases in this study.
Proposal 2
RAN2 should discuss whether the first uplink data transmission in advance of corresponding DL TCP packet can be just assumed or should be also enhanced in the fast uplink access solutions.
Proposal 3
DL transfer delay, too early/late allocation, too much/less allocation, TAT expiry should be optimized by the fast uplink access solutions.
Observation 7
While the pre-grant approach may have better performance compared to the existing implementation technique, it will still not resolve the critical issues.
Proposal 4
RAN2 should also study the enhancements of DRX, SR, BSR and RACH.
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