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Discussion and decision
1. Introduction
In RAN1#76 meeting some agreements on UL ACK design for DL frame early termination were achieved as following [1]: 
Agreement: The UL DPCCH-based structure for uplink control design is to be adopted, where

· In the first slots the DPCCH consists of pilot, TPC and TFCI

· In the remaining slots the TFCI bits are replaced with BPSK-encoded ACK/NACK-symbols

Agreements:
· Agenda 6.2.4:
· The following design of UL DPCCH channel for UL ACK indication is adopted for DCH enhancements work item:
· Slot format for UL DPCCH contains  as proposed in R1-140252:

· Npilot=6,

· Ntfci/NACK/ACK=2

· Ntpc=2

· TFCI is sent in the first 10 slots as proposed in R1-140252.

· ACK/NACK is sent by boosting and/or repetition of ACK symbols
In this contribution we provide our considerations on the candidate solutions for UL ACK/NACK transmission, i.e. ACK/NACK power offset boosting and ACK repetition and propose to adopt ACK repetition solution.

2. Analysis for ACK/NACK power offset boosting
The ACK/NACK power offset boosting is that asymmetric BPSK signalling can be used for ACK/NACK, in other words, the ACK/NACK message is sent at higher power offset with respect to pilot as presented in [2], in order to ensure the ACK/NACK detection performance. The main benefit of this solution is that ACK can be decodable at a required BLER target in only one slot. However, different power offsets between ACK/NACK and pilot would result in additional complexity. In addition, boosting of ACK/NACK will result in a higher probability that UE is power limited. 
Pilot, TFCI and TPC are transmitted in the current UL DPCCH channel. They are transmitted with equal power and only one c is indicated by higher layers as described in TS 25.213. Equal power within one slot for DPCCH is not only helpful to UE side in terms of implementation complexity, but also important to Network side in terms of channel estimation complexity. Different power offsets for ACK/NACK in the UL DPCCH will result in the DPCCH received power fluctuation within one slot. The unequal received power in one slot would further result that the current channel filtering algorithm at NodeB side assuming equal DPCCH power in one slot would not work well and an additional change should be needed to maintain the same channel estimation performance. 
Another important aspect is that boosting of ACK/NACK results in a higher probability that UE is power limited. Since the decision of power limited or not is made on one slot basis, even the UE is not power limited in the symbols transmitting DPCCH other than ACK/NACK, the UE may still have to scale down its transmitting power of those DPCCH bits if the UE is power limited in the symbols transmitting ACK/NACK. 
3. Analysis for repetition of ACK symbols
ACK repetition can be used to ensure the ACK miss-detection performance. There are two ACK repetition transmission schemes, i.e. only ACK is repeated, and both NACK and ACK are repeated.
3.1 Only ACK repetition
In this option, ACK is repeated when UE transmits the first ACK, as illustrated in Figure 1. In Figure 1 UE decodes the speech frame for every slot and it is decoded wrongly in slot 10, 11 and 12, but successfully in slot 13. Therefore, NACK is sent only in slot 10, 11 and 12. NACK is replaced by ACK in slot 13. In addition, ACK should be sent continuously from slot 13 until the end of the entire speech frame to avoid transmitting DTX symbols in a DPCCH slot. Given the network is aware that ACK is repeated, the network can exploit the selective combing gain to improve ACK performance. 
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Figure 1: Only ACK repetition scheme 
3.2 Both NACK and ACK repetition
In this option, both ACK and NACK are repeated with a fixed number of times, as illustrated in Figure 2 (Repetition factor = 2 is assumed). In Figure 2 UE may decodes the speech frame for every second slot and it is decoded wrongly in slot 10, and 12, but successfully in slot 14. Accordingly, NACK for the first decoding attempt is sent in slot 10 and repeated in slot 11, while NACK for the second decoding attempt is sent in slot 12 and repeated in slot 11, and ACK is sent in slot 14 and repeated in slot 15. Due to the same consideration of avoiding transmitting DTX symbols in a DPCCH slot, ACK will be continuous transmitted with 2-slot repetition known also at NodeB side.
Given the network is aware that both NACK/ACK are repeated and aware of the exact repetition pattern, the network can exploit the soft combing gain to improve ACK performance.
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Figure 2: Both NACK and ACK repetition scheme
4. Conclusion
This contribution provides our considerations on the candidate solutions for UL ACK/NACK transmission. ACK/NACK power offset boosting provides the possibility that ACK can be decodable at a required BLER target in only one slot. However, it may result in additional complexity from both UE side and NodeB side. In addition, boosting of ACK/NACK will result in a higher probability that UE is power limited. ACK repetition solution keeps the legacy feature of equal power within one DPCCH slot and is able to exploit selective combing gain or soft combing gain to ensure ACK detection performance. It is therefore proposed: 
Proposal: Uplink ACK/NACK for DL FET is sent by repetition of ACK symbols.
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