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1. Introduction

RAN plenary #75 approved a work item [1] for 3GPP V2X Phase 2 to support advanced V2X services. The following short TTI related topics are part of the detailed objectives of this work item:

Study the feasibility and gain of PC5 operation with Short TTI, assuming this PC5 functionality would co-exist in the same resource pools as Rel-14 functionality with and without using the same scheduling assignment format, and provide RAN1 observations and recommendations to RAN by RAN#77. [RAN1, RAN2] 

a) A following decision for normative work is up to consensus at RAN.

In RAN1#90 meeting, RAN1 has studied the feasibility and gain of PC5 operation with Short TTI, assuming this PC5 functionality would co-exist in the same resource pools as Rel-14 functionality. RAN1 has drawn the following observations [2]:

Observation 1: RAN1 observes that introducing Rel-15 sTTI transmissions into pools with Rel-14 legacy transmissions, Rel-15 V2X UE complexity will be increased by handling two different TTI lengths. Some companies view the increase in complexity as significant. 

Observation 2: sTTI deployment impacts the performance of Rel-14 UE transmission. RAN1 has discussed possible solutions to mitigate the impact. No conclusion was reached in RAN1 on whether these solutions can solve the impact on Rel14 performance. 
Observation 3: Introducing sTTI by itself cannot reduce the radio layer latency. 
Currently, there is no consensus within RAN1 on the benefits of introducing sTTI for V2X UEs based on studies conducted on RAN1 so far.

Also RAN1 sent LS [3] to RAN for above-mentioned observations in RAN#77, and the following conclusions are made in RAN#77:
conclusion: guidance from RAN to RAN1: short TTI work is deprioritized but not precluded, look into other means of latency reduction than short TTI, if no change in Dec. 17 the short TTI will be dropped
In this paper, we will discuss the considerations of short TTI design for V2X phase 2, including the considerations of AGC and overhead issues for short TTI. Besides, we will also discuss the feasibility and gain for short TTI.
2. Discussion 
In this section, we firstly discuss issues of automatic gain control (AGC) and overhead for two scenarios, where the first scenario is that legacy transmission time interval (TTI) for Rel-14 UEs and short TTI for Rel-15 UEs use different resource pools, and the second scenario is that legacy TTI for Rel-14 UEs and short TTI for Rel-15 UEs share the same resource pools. Then, we will discuss the considerations of short TTI design for the two scenarios and the feasibility and gain for short TTI.
2.1. Issues of AGC and overhead for short TTI
2.1.1 For the scenario that legacy TTI for Rel-14 UEs and short TTI for Rel-15 UEs use different resource pools
When the legacy TTI for Rel-14 UEs and short TTI for Rel-15 UEs use different resource pools, overhead is an important issue. 
In order to improve the performance in high Doppler case, 4-column DMRS in one subframe structure is agreed in Rel-14 LTE V2X, and the legacy TTI for Rel-14 UEs is shown in Fig.1 (a). Meanwhile, in Rel-14, the first symbol for AGC and the last symbol for guard period are configured in one subframe. 

Reference to legacy TTI, an example of short TTI for Rel-15 UEs is shown in Fig.1 (b). In the example, the length of each short TTI is 0.5ms and the symbol duration is the same as that in Rel-14. If AGC is restricted to occupying one symbol in the shorten TTI for Rel-15 UEs, the overhead of each short TTI is four symbols with AGC (1 symbol) and GAP (1 symbol) and DMRS (2 symbols). Therefore, only three symbols can be used for the actual payload and the overhead is increased. The overhead issue is more significant when the length of short TTI is smaller.
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Figure 1: (a) Legacy TTI for Rel-14 UEs, (b) an example of short TTI for Rel-15 UEs
2.1.2 For the scenario that legacy TTI for Rel-14 UEs and short TTI for Rel-15 UEs share the same resource pools
When the legacy TTI for Rel-14 UEs and short TTI for Rel-15 UEs share the same resource pools, besides the overhead issue, AGC convergence is also an important issue. 
For receiving Rel-14 UE, AGC is settled in the first symbol to achieve suitable dynamic range and kept unchanged during the subframe (TTI). For example as shown in Fig. 2(a), when the Rel-14 UE can receive both Rel-14 UE and Rel-15 UE transmission in the first slot short TTI, the AGC dynamic range may be settled based on the sum of the receiving power (not exceeding the upper bound of dynamic range) from the transmitted Rel-14 UE and Rel-15 UE. Hence, the receiving power for settling AGC is larger. If the Rel-14 UE then wants to receive Rel-14 UE only in the second slot, which the signal of Rel-15 UE is not included in the second slot, AGC settling in the first slot short TTI may not be suitable for the second slot with the quantization error. 

In another case as shown in Fig. 2 (b), when the Rel-14 UE can only receive Rel-14 UE transmission in first slot short TTI, the AGC dynamic range may be settled with the receiving power from the Rel-14 UE. Hence, the receiving power for settling AGC is smaller. If the Rel-14 UE then receives both Rel-14 UE and Rel-15 UE in the second slot short TTI, AGC settling in the first slot short TTI may not be suitable for the second slot short TTI because of the clipping noise.
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Figure 2: illustrations of AGC issue for case (a) and case (b)
2.2. Considerations of short TTI design for V2X phase 2
When the legacy TTI for Rel-14 UEs and short TTI for Rel-15 UEs use different resource pools, overhead is an important issue. R14 UEs assume one symbol for AGC settling time. If the same assumption is kept in case of short TTI then depending on the number of short TTIs within subframes, the overhead may grow substantially. In order to keep the overhead reasonable, the AGC preamble should be considered to reduce AGC convergence time at least for R15 UEs, as shown in the Fig. 3. And a repetition-based sequence should be adopted for AGC preamble, where the number of repetition is FFS, and the length and content of sequence are FFS. 
Proposal 1: For short TTI design, AGC preamble should be considered to speed up AGC convergence and reduce overhead when legacy TTI for Rel-14 UEs and short TTI for Rel-15 UEs use different resource pools. 

Proposal 2: A repetition-based sequence should be adopted for AGC preamble, where the number of repetition is FFS, and the length and content of the sequence are FFS. 
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Figure 3: Considerations of AGC preamble in short TTI for Rel-15 UEs
When the legacy TTI for Rel-14 UEs and short TTI for Rel-15 UEs share the same resource pools, the AGC issue is more complicated. Besides AGC preamble, some mechanisms for Rel-14 UEs and Rel-15 UEs need to be studied to speed up AGC convergence and reduce overhead. 
The main challenge of the short TTI is that the higher overhead caused by AGC convergence will increase code rate and hence significantly degrade the system performance. Besides, the part that channel estimation of PSSCH by extrapolating with DMRS symbol in short TTI will increase in the receiver, and hence the system performance will be degraded due to interference caused by time-selectivity channel. For the abovementioned issues in short TTI, firstly, overhead caused by AGC convergence in short TTI can be effectively reduced with the considerations of our proposal, and hence code rate and system performance will not be significantly influenced in short TTI. Moreover, interference due to time-selectivity channel in short TTI can be effectively alleviated by using advanced channel estimation in the receiver. Therefore, besides legacy TTI, short TTI also can be used to support advanced V2X services, and then resource allocation controlled by eNB can be more flexible.
Proposal 3: When legacy TTI for Rel-14 UEs and short TTI for Rel-15 UEs use the same resource pools, besides AGC preamble, some mechanisms should be considered to speed up AGC convergence and reduce overhead. The mechanisms are FFS.
3. Conclusions

In this paper, we discuss the considerations of short TTI design for V2X phase 2 including the considerations of AGC and overhead issues for short TTI. We have below proposals,
Proposal 1: For short TTI design, AGC preamble should be considered to speed up AGC convergence and reduce overhead when legacy TTI for Rel-14 UEs and short TTI for Rel-15 UEs use different resource pools. 

Proposal 2: A repetition-based sequence should be adopted for AGC preamble, where the number of repetition is FFS, and the length and content of the sequence are FFS.
Proposal 3: When legacy TTI for Rel-14 UEs and short TTI for Rel-15 UEs use the same resource pools, besides AGC preamble, some mechanisms should be considered to speed up AGC convergence and reduce overhead. The mechanisms are FFS.
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