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1. Introduction

RAN1 issues related to SI “Study on Latency reduction techniques for LTE”[1] includes the following two aspects [2]:
· Assess specification impact and study feasibility and performance of TTI lengths between 0.5ms and one OFDM symbol, taking into account impact on reference signals and physical layer control signaling 
· Backwards compatibility shall be preserved (thus allowing normal operation of pre-Rel 13 UEs on the same carrier);
Evaluation methodology has been agreed in RAN1#83, and initial discuss about different TTI length schemes and corresponding specification impact was performed without any agreement. In this contribution, we provide further consideration on latency reduction design and potential solutions.
2. Consideration on latency reduction design
If shorted TTI is considered, the latency for both FDD and TDD need to be carefully calculated, by considering the delay components, which are Tx and Rx node processing delays, radio frame alignment, TTI duration, and the delay caused by HARQ retransmission. One important issue that needs to be studied is whether it is feasible to assume that the processing delay can be reduced linearly proportional to the reduced TTI, i.e., if the TTI length is reduced by a factor of M, the processing delay for both eNB and UE can also be reduced by a factor of M. 

Proposal 1: In order to analyze the one-way latency performance, it is necessary to study the feasibility that whether the processing delay can be reduced linearly proportional to the reduced TTI length.
In addition, it is suggested to balance the tradeoff between standard effort and latency reduction gain. For example, if 7-OFDM-symbol TTI is considered, the legacy CRS can be reused with little modification for downlink, since the RS are inserted in each slot. This helps for avoiding more overhead for potential design of new RS. Nonetheless, since each slot contains two columns of CRS and DMRS, whether the current RS in one slot can satisfy the performance for measurement and demodulation needs to be further evaluated. By contrast, if the TTI length is reduced further, e.g., 2 symbols or even 1 symbol, the current RS can not be ensured to be exist in each TTI, and new RS design is necessary. 

Furthermore, with reduced TTI, the PUCCH designs in current LTE standard are no longer applicable. Either brand new PUCCH formats or the modification of current PUCCH formats for the reduced TTI lengths can be considered. If 0.5 ms TTI is adopted, it is possible to modify current Format 1/1A/1B: since the Format1/1A/1B occupy two slots by frequency hopping, and the same symbol is mapped onto the two slots by a phase shift, it may be possible to use single slot to transmit the SR and A/N information carried by Format1/1A/1B. It is FFS if and how to support Format 2/2a/2b/3 for 0.5 ms TTI length. For 1/2 symbol TTI, in general brand new PUCCH formats are necessary.
On the other hand, the latency reduction gain of 0.5 ms and 1/2 symbol is different. A rough estimation for FDD latency is that 0.5 ms TTI may half the one way latency, while 1 symbol TTI may reduce latency to 1/14. The performance gain also needs to be taken into account.
Proposal 2 : The tradeoff between standard effort and latency reduction gain needs careful consideration before deciding 0.5 ms vs 1/2 symbol TTI.
3. Possible solutions for latency reduction 
3.1 UE-specific HARQ timing optimization 

In the future market, UEs with low latency requirement but with diverse processing capability may be possible. If the HARQ timing is optimized by considering the lowest UE capability, the performance of those UEs with higher capability may be limited. Thus it is suggested to consider UE-specific optimizations for UEs with different capabilities. Specifically, for UEs with fast processing speed, a short feedback delay and HARQ RTT time can be used. To support such UE-specific optimization, specify a group of feedback and HARQ timing, for both DL and UL transmission, may be necessary. In addition, some indication of the processing capability may be need to be reported, so as to aid the eNB on configuration of UE specific HARQ timing.
Proposal 3: Design UE specific feedback and HARQ timing is beneficial to can improve UE delay experience.
3.2  PDCCH enhancement
LTE U-plane one way latency for a scheduled UE consists of the eNB Processing Delay, UE Processing Delay, Frame Alignment, TTI duration, and the delay caused by HARQ retransmission. For FDD, if the TTI length is reduced, the Frame Alignment and HARQ delay can be reduced linearly correspondingly. If the processing delay can be reduced linearly proportional to the reduced TTI length, the U-plane one way latency shall be reduced linearly. By contrast, for TDD, the components of frame alignment and HARQ delay depends not only on the TTI length, but also on the TDD configuration. 
Regarding to the enhancement of TDD based on the existing TDD configuration, even the TTI length is reduced to a fixed value, different DCI&UCI design may give rise to various one-way delay performances. For example, if TTI length is reduced to 0.5ms, two possible DCI designs are: Alt1, reuse the current PDCCH without introducing new DL control channel so as to reduce overhead, and Alt2, design new PDCCH for each 0.5ms TTI. The two alternatives have same RTT but different frame alignment delay. The one-way delay performance is shown in Table 1. For TDD based on the current UL/DL configuration, it is suggested to design new (e)PDCCH in each shortened TTI if the TTI length is 0.5ms, so as to enhance the latency performance. 
Table 1: Performance comparison between the two DL control design solutions for TDD config.2 (assuming 0.5 ms TTI)
	
	DL one-way delay
	UL one-way delay

	Alt1
	3.1ms
	4.75ms

	Alt2
	2.943ms
	3.9ms


Proposal 4: It is suggested to design new (e)PDCCH in each shorted TTI for shorted TTI length so as to enhance the latency performance. 
3.2  TDD HARQ Timing Enhancement with reduced TTI length
For TDD systems, once the TTI length is reduced, the HARQ timing can be optimized according to the reduced TTI, which help for decreasing the delay caused by RTT.  Examples of the DL HARQ timing for 1ms TTI and 0.5ms TTI are shown in Fig. 1 and Fig. 2, respectively. By comparing Fig.1 and Fig.2, the first DL subframe can be retransmitted after 5ms (for 0.5 ms TTI) instead of 10 ms (for 1ms TTI), because the A/N can be obtained by eNB much faster than the 1ms TTI.  
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Fig.1 One example of A/N feedback RTT for TDD configuration 2 with 1ms TTI
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Fig.2 One example of A/N feedback RTT for TDD configuration 2 with 0.5ms TTI

Proposal 5 : For TDD, when the TTI length is reduced, the HARQ timing needs to be enhanced to reduce the RTT time. 
3.3 Complementary Carriers for reducing latency for TDD 
Discontinuous DL or UL transmission of TDD bring additional frame alignment and HARQ delay than FDD. One possible solution to reduce the latency of TDD is to exploiting the CA to aggregate two carriers with different TDD configurations, by which to ensure that at each TTI, either the Pcell or the Scell can have one downlink and one uplink transmission opptunity. The basic idea is shown in Fig.3. Although this solution can help the TDD to achieve the same latency performance as that of FDD, it requires the UE to be CA-capable and full duplex, i.e., simutanous receiving and transmitting on at least two carriers. 
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Fig.3 Reducing the latency by aggregating two carriers
Proposal 5 : For TDD, by exploiting the CA to aggregate two carriers with different TDD configurations, it is possible to ensure that at each TTI, either the Pcell or the Scell can have one downlink and one uplink transmission opptunity, so that the latency of TDD can be achieved to be the same as FDD.
4. Conclusions
In this contribution, we give some considerations on low latency design and analyze possible solutions for latency reduction, the following proposals are made:
Proposal 1: In order to analyze the one-way latency performance, it is necessary to study the feasibility that whether the processing delay can be reduced linearly proportional to the reduced TTI length.
Proposal 2 : The tradeoff between standard effort and latency reduction gain needs careful consideration before deciding 0.5 ms vs 1/2 symbol TTI.
Proposal 3: Design UE specific feedback and HARQ timing is beneficial to can improve UE delay experience.

Proposal 4: It is suggested to design new (e)PDCCH in each shorted TTI for shorted TTI length so as to enhance the latency performance.
Proposal 5 : For TDD, by exploiting the CA to aggregate two carriers with different TDD configurations, it is possible to ensure that at each TTI, either the Pcell or the Scell can have one downlink and one uplink transmission opptunity, so that the latency of TDD can be achieved to be the same as FDD.
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