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Discussion and decision
1 Introduction

In RAN#67, the study item on latency reduction was approved [1]. The following areas are to be studied in RAN1 in this SI:
· 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).

About short TTI structures, RAN1 made some agreement for study in [2] and [3]. For UL TTI shortening, sPUCCH need to be further studied. In this contribution, we provide some principles for the sPUCCH design.   
2 Discussions 

Legacy PUCCH formats operate based on subframe TTI. Since transmission and reception duration and processing time can be reduced from TTI shortening, introducing an sPUCCH format is beneficial for reducing latency. During this study item, the TTI length for sPUCCH needs to be first determined and an sPUCCH structure and resource mapping can follow. Thus, in this section, the issues related to TTI length for sPUCCH are discussed. 
sTTI length for sPUCCH and its coverage


Suppose that a UE needs to send 1 bit HARQ-ACK to the eNB using sPUCCH. Then, the coverage is affected more by the TTI length than by the number of PRBs used for sPUCCH. This is because the total energy used for transmission of 1-bit HARQ ACK/NACK is determined by the UE transmission power and the transmission period, where the total transmission energy is crucial for coverage. Except for the effect of frequency diversity and channel estimation, slot-TTI sPUCCH and 3/4-symbol TTI sPUCCH have a 3 dB and a 6 dB loss, respectively, compared to subframe-TTI PUCCH when we only consider the transmit energy. For a 2-symbol TTI sPUCCH, the coverage loss becomes about 9 dB. With the COST231-Hata model, the cell area where sPUCCH is available reduces 53.8% if the UE transmit energy for sPUCCH has 6 dB loss compared to legacy PUCCH.


Even though these values of coverage loss depend on the sPUCCH designs, the reduction in coverage is inevitable and may become worse when channel estimation is considered. This performance degradation on channel estimation is mainly due to the reduced number of DM-RS symbols. The performance loss cannot be recovered by using several PRBs for sPUCCH. The only advantage from the use of several PRBs for sPUCCH is frequency diversity in case of a highly frequency selective channel but at the expense of worse channel estimation. However, if several PRBs are allocated for sPUCCH, the available resource for legacy PUCCH and PUSCH will be restricted. The coverage of PUCCH was analyzed in [4], where MCL calculation for LTE FDD and TDD are provided. When sPUCCH is designed, it is worthwhile to consider how many UEs supporting short TTI in a cell cannot be scheduled with short TTI due to sPUCCH coverage limitation. In [4], some solutions, e.g., repetition and low rate coding, to improve the coverage are provided, but they are not appropriate candidate solutions for latency reduction.
Observation 1: For sPUCCH transmission, a very short length of TTI may be unable to provide sufficient coverage since the transmission energy will decrease significantly.

Observation 2: It is worthwhile to consider how many UEs supporting short TTI in a cell cannot be scheduled with short TTI due to sPUCCH coverage limitation.


In this situation, slot TTI and 3/4-symbol TTI would be much better solutions than a 2-symbol TTI for sPUCCH. Even though DL transmission uses 2-symbol TTI, it is possible to employ slot TTI and 3/4-symbol TTI for sPUCCH as coverage is UL limited. RAN1 already discussed the possibility of different lengths of short TTI for DL and UL in RAN1#84. Then, sPUCCH can be easily designed by using the legacy PUCCH format. Actually, for a fixed DL sTTI, UPT performance is not much different between various TTI lengths for sPUCCH, e.g., from 1 slot TTI sPUCCH to 2-symbol TTI sPUCCH. In other words, System-A (2-symbol TTI for both DL and PUCCH) and System-B (2-symbol TTI for DL/slot TTI for PUCCH) may have similar DL UPT performance.

Figure 1 shows examples for a slot TTI and a 3/4-symbol TTI sPUCCH designs. OCC and spreading can be reused from legacy PUCCH formats. Also, for slot TTI sPUCCH, frequency hopping within a slot can be considered as shown in Figure 1-(b) to obtain frequency diversity.
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(a) slot TTI sPUCCH without frequency hopping (b) slot TTI sPUCCH with frequency hopping

(c) 3/4-symbol TTI sPUCCH without frequency hopping


Figure 1. Examples of slot and 3/4-symbol TTI sPUCCH
Proposal 1: Either slot TTI or 3/4 symbol TTI is recommended for sPUCCH.
Proposal 2: Consider and evaluate frequency hopping within a sPUCCH transmission.
3 Conclusions
In this contribution, we provided the design issues and examples for sPUCCH. 
Observation 1: For sPUCCH transmission, a very short length of TTI may be unable to provide sufficient coverage since the transmission energy will decrease significantly.
Observation 2: It is worthwhile to consider how many UEs supporting short TTI in a cell cannot be scheduled with short TTI due to sPUCCH coverage limitation. 
Proposal 1: Either slot TTI or 3/4 symbol TTI is recommended for sPUCCH.
Proposal 2: Consider and evaluate frequency hopping within a sPUCCH transmission. 
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