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1 Introduction

In RAN1#87, following agreements were made on sPUCCH for sTTI. [1]. 
Agreement:
· For a user capable of supporting sTTI, the following {DL,UL} configurations are supported:

· {2,2} and {7,7}
· Working assumption on support of {2,7}. 

· The working assumption is to be confirmed in RAN1 #88 if no significant issues (including no obvious performance gain) are identified.
Agreements:
· At least the following formats should be designed for sPUCCH:
· For sPUCCH supporting up to 2-bit HARQ-ACK and/or SR (if any)

· DMRS based demodulation for 7-symbol sTTI

· FFS on the formats and DMRS design for 2-symbol sTTI

· For sPUCCH supporting more than 2-bit HARQ-ACK and SR (if any)

· DMRS based demodulation for all sTTI lengths

· FFS on encoding methods
· FFS on sPUCCH with channel selection for up to 4-bit HARQ-ACK.

· FFS on support of frequency hopping

Based on these agreements, we discuss the sPUCCH design for shortened TTI for UL transmission in this contribution.
2 Discussion
2.1 sPUCCH format for HARQ-ACK
According to the agreement, two different sPUCCH formats can be considered. One format can support up to 2 bits HARQ-ACK bits with SR, and the other format can support multi-bit transmission. For sPUCCH format 1 supporting up to 2 bits, it is desirable to inherit functionalities of legacy PUCCH format 1/1a/1b including performance requirements. For multi-bit sPUCCH format 2, more than 2 bits of UCI transmission will be conveyed. Some variations can be considered for sPUCCH format 2 in terms of channel coding and/or allocated RBs. 
The followings are summaries of two sPUCCH formats. 

Table 1. sPUCCH formats
	
	sPUCCH format1
	sPUCCH format2

	Channel coding
	Repetition
	RM, TBCC

	Modulation
	QPSK
	QPSK

	Supported bits
	up to 2 bits HARQ-ACK + SR
	multi-bits of more than 2 HARQ-ACK bits, [CSI]

	Number of RBs for PUCCH resource
	1 RB
	1 or multiple PRBs


2.2 RS mapping method for sPUCCH format 1
In design of sPUCCH format 1, both DM-RS + data and channel selection approach can be considered. 
When channel selection is considered, ACK-NACK information can be carried based on different resource. Figure 2 and 3 shows examples for 1 bit and 2 bits cases respectively. 
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Figure 2: Example of the cyclic shift index allocation in Channel selection-based PUCCH (1 bit)


[image: image2.emf]<Cyclic Shift Index>

0 1 2 3 4 5 6 7 8 9 10 11

(ACK, ACK) (ACK, NACK)(NACK, NACK) (NACK, ACK)


Figure 3: Example of the cyclic shift index allocation in Channel selection PUCCH (2 bits)
DM-RS + data option, on the other hand, QPSK symbol can carry two bits A/N information. From the aspects of commonality between PUCCH format 1 and 2, DM-RS + data option can be acceptable. To support better latency, when DM-RS and data transmission are TDM-ed, it would be better to transmit DM-RS in the first symbol of each sTTI. For sPUCCH formats, it is assumed that each sPUCCH carries DM-RS. The layout of DM-RS and data for sPUCCH in 2-symbol TTI is described in Figure 3.
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Figure 3. Example of the RE mapping method for the sPUCCH format 1 
Suggestion 1: If DM-RS + data is used, front-loaded DM-RS can be considered for 2-symbol sPUCCH format 1.
When considering 7-symbol sPUCCH format, multiple options DM-RS pattern may be considered depending on intra-TTI hopping. As discussed in Section 2.4, intra-hopping for 7-OS sPUCCH may offer benefits and drawbacks. To allow efficient multiplexing with legacy PUCCH and minimize specification impacts, we prefer to reuse legacy DM-RS pattern for sPUCCH for 7-OS case. 
Suggestion 2: Legacy DMRS pattern can be reused for 7-symbol sPUCCH formats.
2.3 sPUCCH format 2
HARQ-ACK payload size can vary with respect to the number of TBs and the number of serving cells. When the number of symbols for UCI mapping is 1, 12 RE per RB will be available for UCI mapping. As in legacy LTE, there could be performance difference depending on coding scheme used with respect the code rate. Furthermore, depending on the payload size and the number of REs for UCI mapping, code rate for UCI transmission may need to be further reduced for reliable UCI transmission. For instance, if the number of UCI bits is set to be 18 bits and the number of REs for UCI mapping is 12 RE, then the code rate will be 0.75. In case, its operating SINR can be significantly high. In that sense, multiple PRB transmission for sPUCCH format 2 can be considered depending on UCI size. 

Meanwhile, channel coding needs to be carefully designed considering code rate as well as UCI size. Depending on the UCI size and code rate, channel coding to show better performance in terms of required SINR can be changed between RM and TBCC. Therefore, it is necessary to compare the detection performance between RM and TBCC coding for sPUCCH format 2 for a various combination of UCI size and the number of PRBs to be used for sPUCCH transmission. 
Suggestion 3: Multiple RBs transmission can be supported for sPUCCH format 2.
2.4 Intra TTI hopping for sPUCCH
We can consider using intra-TTI frequency hopping pattern for sPUCCH to get a diversity gain. When DM-RS + data is used for sPUCCH1 in 2-OS, due to the lack of DM-RS symbols, intra-TTI hopping is not desirable. When 7-OS is considered, intra-hopping would require redesign of DM-RS pattern which should be justified. There can be potential drawbacks on intra-TTI hopping if used in 7-OS sTTI. If there is no hopping, gNB can combine multiple DM-RS for accurate channel estimation. In addition, details of sPUCCH format structure would be different from existing PUCCH format. Furthermore, multiplexing of sPUCCH of 7-OS with legacy PUCCH becomes challenging. Generally, it seems that potential drawbacks are considerable compared to the possible gains with hopping. Given the trade-offs, we prefer the same handling on both 2-OS and 7-OS. 
Suggestion 4: If hopping is considered, it applies to both 2-OS and 7-OS. 
Suggestion 5: To minimize specification impacts and maximize multiplexing with legacy PUCCH resources, intra-TTI hopping is not adopted for sTTI sPUCCH. 
3 Conclusion
In this contribution, we discussed some issues related to the sPUCCH design for shortened TTI.
Suggestion 1: If DM-RS + data is used, front-loaded DM-RS can be considered for 2-symbol sPUCCH format 1.
Suggestion 2: Legacy DMRS pattern can be reused for 7-symbol sPUCCH formats.
Suggestion 3: Multiple RBs transmission can be supported for sPUCCH format 2.
Suggestion 4: If hopping is considered, it applies to both 2-OS and 7-OS. 
Suggestion 5: To minimize specification impacts and maximize multiplexing with legacy PUCCH resources, intra-TTI hopping is not adopted for sTTI sPUCCH.
4 Reference
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