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1 Introduction

In RAN2, one of the objectives of the study item “Latency reduction techniques for LTE” [1] is to reduce user plane latency for UEs that have been inactive for a longer period. For those UEs, random access is an uplink access mechanism of crucial importance especially when they do not have any PUCCH resources available for SR(Scheduling Request) or they lost uplink synchronization.
In this contribution, taking backward compatibility imposed by [1] into our consideration, we identify an issue of latency reduction in random access for heterogeneous TTIs in a Carrier
2 Discussion

Heterogeneous TTIs in a carrier
The study item “Latency reduction techniques for LTE” [1] requires backward compatibility as a mandatory feature. In clause 4.1 of [1], regarding TTI shortening, backward compatibility is defined as follows;

	· backwards compatibility shall be preserved (thus allowing normal operation of pre-Rel 13 UEs on the same carrier);


Therefore, to support normal operation of pre-Rel 13 UEs, frequency-time resources based on 1 ms TTI is surely in the same carrier even if a carrier provides frequency-time resources based on shortened TTI. Heterogeneous TTIs in a carrier refers to the case when a carrier supports both 1 ms TTI-based frequency-time resources and shortened TTI-based frequency-time resources. An example of heterogeneous TTIs in a carrier has been shown in [2] which presents TTI shortening example in downlink with both 1 ms TTI and 0.5 ms(slot-length) TTI.
Observation 1: From the viewpoint of the imposed backward compatibility, a carrier supporting shortened TTI will surely provide not only frequency-time resources based on shortened TTI but also frequency-time resources based on 1 ms TTI.

A question arises here; “In case of uplink, does a carrier with heterogeneous TTIs have a new PRACH based on shortened TTI?”
Our answer to this question is negative. Firstly, designing a new PRACH introduces a significant impact on the existing standard. Secondly, resources configured for a new PRACH increases system overhead. Note that pre-Rel 13 UEs cannot utilize a new PRACH based on shortened TTI, which implies a carrier with heterogeneous TTIs should configure both pre-Rel 13 PRACH and a new PRACH based on shortened TTI. Since resources for PRACH is basically system overhead, configuring additional resources for a new PRACH would significantly increase system overhead.
Although the expense of designing a new PRACH based on shortened TTI is obvious, the benefit is not clear at this moment. It can be easily expected that designing a new PRACH based on shortened TTI will have beneficial effect on reducing RACH preamble transmission time. However, this latency reduction in preamble transmission time is not significant considering the whole random access procedure, from the RACH preamble transmission to the final uplink data transmission.
Observation 2: Considering system overhead and impact on the existing standard, it is highly like for a carrier supporting shortened TTI to have only pre-Rel 13 PRACH without providing a new PRACH based on shortened TTI.

Envisaged Random Access for Heterogeneous TTIs
From the above observations, even if a UE has capability of utilizing frequency-time resources based on shortened TTI, it must initiate their random access procedure using the pre-Rel 13 PRACH in a carrier with heterogeneous TTIs. With the existing standard, when the eNB receives a RACH preamble, the eNB cannot know whether the preamble is transmitted by a pre-Rel 13 UE or a UE supporting shortened TTI. Thus, the eNB cannot help transmitting RAR (Random Access Response) via frequency-time resources based on 1 ms TTI to support backward compatibility. This means that we lose a chance to reduce random access latency because transmissions utilizing shortened TTI resources take less time. During random access, if both a UE supporting shortened TTI and the eNB keep utilizing frequency-time resources based on shortened TTI after transmission of RACH preamble, we can achieve a reduction in time needed for completing random access procedure.
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Figure 1. A comparison between random access based on only 1 ms TTI and envisaged random access for heterogeneous TTIs in a carrier
Figure 1 shows a comparison between (a) random access based on only 1 ms TTI and (b) envisaged random access for heterogeneous TTIs in a carrier. (a) represents the existing pre-Rel 13 random access procedure and only frequency-time resources based on 1 ms TTI is utilized during the procedure. However, in case of (b), frequency-time resources based on shortened TTI is utilized after the transmission of RACH preamble, which will result in latency reduction as is depicted in Figure 1.

The latency reduction depicted in Figure 1 will be significant, which is justified by two reasons. Firstly, transmissions utilizing shortened TTI resources takes less time than utilizing 1 ms TTI resources. Secondly, increasing processing capability and smaller data delivered by shortened TTI resources enables us to assume much smaller processing time than that in (a). With the help of advances in electronics, processing capability of systems have continued to experience rapid increase. Furthermore, with shortened TTI, the amount of data to be processed is smaller than that with 1 ms TTI.

Observation 3: If random access continues to utilize frequency-time resources based on shortened TTI after RACH preamble transmission, significant latency reduction in random access can be achieved.
The latency reduction which can be obtained by the envisaged random access motivates RAN2 to discuss to verify above observations. If those observations are reasonable, efforts should be given to find a way of enabling random access to keep utilizing frequency-time resources based on shortened TTI after transmission of RACH preamble. As an example, we could think of duplicated RAR transmissions. Since the eNB cannot know whether the preamble is transmitted by a pre-Rel 13 UE or a UE supporting shortened TTI, the eNB transmits RAR two times; one is transmitted using 1 ms resources and the other is transmitted using shortened TTI resources. After transmitting RARs, the eNB utilizes 1 ms resources and shortened TTI resources for transmissions in response to receptions via 1 ms resources and shortened TTI resources, respectively. With this operations of the eNB, a UE supporting shortened TTI continues to utilize shortened TTI resources. At the same time, a pre-Rel 13 UE can also complete random access procedure utilizing only 1 ms TTI resources. Thus, latency reduction is achieved with support of backward compatibility. However, duplicated RAR transmissions cause overhead and there might be better solutions. 
Proposal: RAN2 is kindly requested to discuss above observations and to consider random access for heterogeneous TTIs described in this contribution as one of the candidate areas to reduce user plane latency.
3 Conclusion
In this contribution, focused on latency reduction, we have discussed random access for heterogeneous TTIs in a carrier. Based on the discussion, we have following observations and a proposal.
Observation 1: From the viewpoint of the imposed backward compatibility, a carrier supporting shortened TTI will surely provide not only frequency-time resources based on shortened TTI but also frequency-time resources based on 1 ms TTI.
Observation 2: Considering system overhead and impact on the existing standard, it is highly like for a carrier supporting shortened TTI to have only pre-Rel 13 PRACH without providing a new PRACH based on shortened TTI.
Observation 3: If random access continues to utilize frequency-time resources based on shortened TTI after RACH preamble transmission, significant latency reduction in random access can be achieved.
Proposal: RAN2 is kindly requested to discuss above observations and to consider random access for heterogeneous TTIs described in this contribution as one of the candidate areas to reduce user plane latency.
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