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1	Introduction
Note: This paper is a revised version of R1-1718106.
In this contribution paper, we focus on the following two issues:
1. PRB determination for 2/3-symbol sequence-based sPUCCH
2. IFDMA-based 2/3-symbol sPUCCH.
2	PRB Determination for Sequence-Based sPUCCH
The sequence-based 2/3-symbol sPUCCH can be used to feed back up to 2 bits of HARQ ACK/NAK+SR. In RAN1 #90, it was agreed that:
Agreement:
The sequence-based sPUCCH w/o DMRS is supported for up to two HARQ-ACK bits in 2OS sTTI and 3OS sTTI.
· ACK/NACK information map to different sPUCCH resource
· NOTE: sPUCCH resource consist of RB index and cyclic shift.

Based on the above agreement, a UE is configured with a number of sPUCCH resources from which the cyclic shifts and RB index may be derived. Although the CSs used can be derived based on the sPUCCH resources, i.e., by considering the combination of ACK/NAK bits to be fed back, the RB index should not be changed based on the HARQ ACK/NAK payload. The reason is as follows: The UL power computation is dependent on the RB index. If the PRB index is given by higher layers, the UL power computations can be done as soon as the grant is decoded. If PRB index is dependent on the actual combination of ACK/NAK bits, then the UL power computations can only be launched after the TB is prcessed. This approach put more pressure on the already very short processing timeline of the UE.

Proposal 1: For 2/3-symbol sequence-based sPUCCH, the PRB index is given by higher layers.

Once the PRB index is given by RRC, different cyclic shifts can be used to distinguish between HARQ ACK/NAK.

Proposal 2: Only the cyclic shifts are used to distinguish between the HARQ ACK/NAK.
3	IFDMA-Based 2-Symbol sPUCCH Design
Under the interlaced based sPUCCH format, we consider a 2-symbol TTI spanned over possibly multiple PRBs, where the 1st symbol is used for DMRS transmission, while the 2nd symbol is used for UCI transmission. A comb-like structure is considered over each of the two symbols. One example of such design with a 2-comb structure is shown in Figure 1.
Over the DMRS symbol, each user is assigned with an interlace index. Hence, users’ DMRS sequences can be made orthogonal at the eNB through using different interlaces.
Over the data symbol, each interlace is used solely by one user, i.e., only one user transmits in an IFDMA manner (DFT-based interlaced-based transmission) over all REs associated with the given interlace. This scheme is suitable for sending large payload sizes, e.g., CSI or HARQ ACK/NAK associated with multiple CCs. 
With this structure, since each user transmits both its DMRS as well as data symbols in an IFDMA manner, the SC-FDM waveform property is not violated. Hence, the proposed sPUCCH achieves a low PAPR. In addition, since each user transmits over a set of REs distributed across multiple PRBs, this approach benefits from channel frequency diversity to a larger extent. The performance benefits of the interlace-based sPUCCH as compared to the case when IFDMA is not adopted is shown in [1]. It is also important to note that by properly choosing the number of PRBs to occupy as well as the number of interlaces, different payload sizes can be supported. Further, the number of uplink transmissions/users to multiplex can be controlled. 
When this sPUCCH region is configured, but either there is only one user scheduled to transmit UCI, or one user has a large payload to transmit, for example in the CA scenario, without using the interlaces, the entire region can be used by the given user to transmit the UCI in an SC-FDM manner. As a result, depending the payload, one of the two modes can be configured over the indicated sPUCCH resources.

[bookmark: _GoBack][image: ]
Figure 1: A 2-symbol sPUCCH design for large payload sizes, where two interlaces are used over the DMRS and data symbols.



To summarize, supporting the IFDMA-based sPUCCH format is completely justifiable for the following reasons:
1) Adopting an IFDMA based sPUCCH allows for gaining from channel frequency diversity. The UL coverage enhancement brought by an IFDMA based design is essential for latency reduction for both sTTI and URLLC services. 
2) The design is similar to that of the sPUCCH without IFDMA. The only difference is in symbol-to-RE mapping. Therefore, such a design does not require additional specification effort.
Proposal 3: The support for IFDMA based 2/3-symbol sPUCCH with more than 2 bits can be considered.

4	Conclusions 
Proposal 1: For 2/3-symbol sequence-based sPUCCH, the PRB index is given by higher layers.

Proposal 2: Only the cyclic shifts are used to distinguish between the HARQ ACK/NAK.

Proposal 3: The support for IFDMA based 2/3-symbol sPUCCH with more than 2 bits can be considered.
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