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Discussion and decision
1 Introduction
In RAN#72, the new work item for latency reduction (LaR) was approved [1], where 1ms TTI and short TTIs are on the list of the objectives. The objectives of LaR operations with sTTI are as below.

	For Frame structure type 1: [RAN1, RAN2, RAN4]

· Specify support for a transmission duration based on 2-symbol sTTI and 1-slot sTTI for sPDSCH/sPDCCH 

· Specify support for a transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI for sPUCCH/sPUSCH 

· Down-selection is not precluded

· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)

For Frame structure type 2: [RAN1, RAN2, RAN4]

· Specify support for a transmission duration based on 1-slot sTTI for sPDSCH/sPDCCH/sPUSCH/sPUCCH

· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)

Follow the recommendation made in [2] when specifying for support of transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI.

The work item should also specify base station and UE core requirements to support the above features [RAN4]

Note: The specified solutions shall preserve backwards compatibility, thus allowing operation of pre-Rel-14 UEs on the same carrier.
Note: There is no change to the system information, paging and random access procedure by this work item



This contribution considers some principles for the sPUCCH design.
2 Discussions 
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 4-symbol TTI sPUCCH have a 3 dB and a 6 dB loss, respectively, compared to subframe-TTI PUCCH when only the transmit energy is considered. 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 [2], 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 [2], 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.

Determination of TTI length for sPUCCH corresponding to 2-symbol and slot TTI sPDSCH


In this situation as explained above, slot TTI and 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 4-symbol TTI for sPUCCH to extend UL coverage. In this WI, it is considered to have 2-symbol and slot TTI for DL FDD and 2-symbol, 4symbol and slot TTI for UL FDD. Also, for TDD, it is considered to have slot TTI for DL and UL. To have design commonality between FDD and TDD, it would be better to use slot TTI for DL and UL together. That is, if sPDSCH uses slot TTI, then the corresponding sPUCCH or sPUSCH use slot TTI as well. 
Proposal 1: To have design commonality between FDD and TDD, it would be better to use slot TTI for DL and UL together.

For 2-symbol TTI DL, one of 2-symbol and 4-symbol TTI for UL can be chosen. Actually, for a fixed DL sTTI, UPT performance is not much different between various TTI lengths for sPUCCH. As explained above, the coverage can be different according to the TTI length. Once 2-symbol is adopted for sPUCCH corresponding to 2-symbol sPDSCH, timing relation can be set by one-to-one mapping. On the contrary, when 4-symbol TTI for sPUCCH is used, it is needed to have HARQ-ACK multiplexing or bundling to transmit HARQ-ACK of 2-symbol TTI sPDSCH. RAN1 uses either 2-symbol or 4-symbol TTI for sPUCCH corresponding to 2-symbol TTI sPDSCH.  
Proposal 2: Slot TTI is recommended for sPUCCH corresponding to slot TTI sPDSCH.
Proposal 3: Either 2-symbol or 4 symbol TTI is recommended for sPUCCH corresponding to 2-symbol TTI sPDSCH.
3 Conclusions
In this contribution, the design issues for sPUCCH are discussed. 

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.
Proposal 1: To have design commonality between FDD and TDD, it would be better to use slot TTI for DL and UL together.
Proposal 2: Slot TTI is recommended for sPUCCH corresponding to slot TTI sPDSCH.
Proposal 3: Either 2-symbol or 4 symbol TTI is recommended for sPUCCH corresponding to 2-symbol TTI sPDSCH.
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