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1. Introduction 
Latency reduction is considered a very important feature for improving the user experience in LTE, as well as enabling a number of new services. In RAN #67, a new Rel-13 SI [1] was approved to study the benefit and feasibility of latency reduction techniques. 

In [2], different components contributing to end to end delay in LTE are described. In the access network, we may identify those as initial access related, and data transmission related. Several technical solutions may be possible to enable faster initial access, or reduced latency data transmission. In particular, TTI shortening can be a very effective means to reduce latency in LTE. Initial studies in RAN2 have shown that latency reduction deriving from shortened TTI results in throughput gains for certain types of traffic, due to the beneficial impact on upper layer protocols [2].
In this contribution we discuss evaluation scenarios and methodology for latency reduction techniques. 

2. Need for Evaluation Scenarios for Latency Reduction
Latency in LTE depends on many factors, interacting across different layers. Several studies have been carried out to assess the impact of U-plane latency reduction in RAN2, with some of the results are captured in [2]. While existing RAN2 studies have characterized physical layer aspects to several degrees, there is a need to accurately characterize physical layer latency as well as other performance impacts from latency reduction techniques. Moreover, it is necessary to provide an evaluation framework to enable the comparison of different latency reduction techniques, and the tradeoffs between latency, BLER performance, and network throughput.
Observation 1: Evaluation scenarios that take into account physical layer aspects must be defined to properly evaluate the performance of latency reduction techniques. 
3. Performance Implications of Latency Reduction Techniques
We first discuss performance implications of fast uplink solutions, noting that an adequate methodology is needed to evaluate and compare them.
Regarding fast uplink access solutions, scheduling-based techniques may have an impact in terms of overhead. Solutions such as listen before talk (LBT) based PUSCH transmission (not listed in the TR), or contention based PUSCH transmission, may reduce average latency, but overhead and performance aspects must be studied. While an orthogonal transmission can be achieved with LBT based PUSCH transmission, contention based PUSCH transmission may imply a performance impact in the event of collision. In addition, even when a collision happens with contention based PUSCH transmission, the packets may be able to be decoded as long as the different DM RS CSs (and/or OCC) are used for the different PUSCHs. Thus, such performance impact needs to be evaluated in physical layer and the proper modelling needs to be done for system evaluation.
Regarding shortened TTI solutions, control signalling overhead may reduce resource utilization and increase network interference levels. Furthermore, scaling down transport block sizes to shortened TTI may have an impact on BLER and throughput. Reference signal overhead may also be larger for shortened TTI solutions. The impact of channel estimation and performance of other physical layer aspects, such as channel coding, may need evaluation. Moreover, impact of shortened TTI transmission on legacy normal TTI transmission may also have to be analyzed. As an example, the interference level can be dynamically varied on a per symbol basis within a legacy subframe due to varying shortened TTI traffic in adjacent cells.
Observation 2: Evaluation scenarios and methodology should allow the evaluation of all performance implications arising from fast uplink access and shortened TTI solutions.
4. Evaluation Methodology and Scenarios
Different evaluation techniques may be used to effectively evaluate the performance impact of latency reduction techniques.

At least, layer 1 latency resulting from the application of fast uplink access and/or shortened TTI solutions can be evaluated analytically. Analytical evaluation should include all delay components, such as frame alignment, transmission and processing delays, HARQ delay, and delays caused by backward compatibility solutions of latency reduction techniques and legacy LTE transmission, such as multiplexing of resources. Other aspects, such as increased control or reference signal overhead, may also be evaluated analytically.
Other performance aspects may be evaluated using link level simulations. For example, channel estimation performance and impact on BLER, or impact of transport block sizes and other proposed changes at the physical layer. Link level simulation may also be used to evaluate the performance of legacy LTE transmission when backward compatibility techniques are used for reduced latency transmission.
System level simulations may be used to assess overall impact of latency reduction techniques. For fast uplink access solutions, the impact of increased overhead and, for LBT-based PUSCH or contention based PUSCH, possible collisions, may be evaluated at system level, under different network load conditions. As discussed in Section 3, the contention based transmissions with potential collision may be able to be decoded as long as the different DM RS CSs (and/or OCC) are used for the different PUSCHs, which require further evaluation and the proper PHY abstraction for system level evaluation. For TTI reduction techniques, performance impact of increased overhead as well as link level performance aspects may be evaluated at system level, under different network load conditions. 
Evaluation and simulation assumptions provided in some of the simulation cases in [2] may need to be updated with focus on modelling of physical layer aspects.  Regarding deployment scenarios, in addition to the macro-cellular layout used in [2], small cell deployment scenario may also be considered. Moreover, traffic models should allow assessment of physical layer latency impact on higher layer protocols. Therefore, further discussion is needed on the deployment scenarios and traffic models to consider for system level performance evaluation.
Observation 3: Analytical, link level, and system level evaluation may be used to assess the impact of latency reduction techniques. 
Observation 4: Further discussion is needed on the deployment scenarios and traffic models for system level performance evaluation.
5. Conclusions
In this contribution we addressed evaluation methodology and scenarios for latency reduction techniques. We highlight the following aspects: 
Observation 1: Evaluation scenarios that take into account physical layer aspects must be defined to properly evaluate the performance of latency reduction techniques. 
Observation 2: Evaluation scenarios and methodology should allow the evaluation of all performance implications arising from fast uplink access and shortened TTI solutions.
Observation 3: Analytical, link level, and system level evaluation may be used to assess the impact of latency reduction techniques. 
Observation 4: Further discussion is needed on the deployment scenarios and traffic models for system level performance evaluation. 
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