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1
Introduction
In RAN1 #89, the following has been agreed as working assumption for the sPUCCH format up to 2bits [1]:

Working assumption:
· 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 cyclic shifts (i.e., ACK and NACK are indicated based on cyclic shift index)

· The cyclic shifts on different sPUCCH symbols can be different due to cyclic shift randomization 

· Cyclic shift randomization is re-used from 1 ms operation to support multiplexing with legacy PUCCH

· Only frequency hopping between sPUCCH symbol(s) is supported (no FH is not supported). 

· 1 RB allocation per symbol

· FFS: How to handle SR + HARQ, hopping pattern, A/N information mapping to CS

· To be confirmed by RAN1#90

In this contribution, we discuss on the remaining details for sPUCCH formats with 2/3 OS supporting up to 2-bit HARQ-ACK and/or SR. 
2
Discussions
The sequence based sPUCCH for 2OS/3OS sTTI has been agreed for up to 2bits ACK/NACK transmission, in which two or four cyclic shifts are reserved and a UE can determine one of cyclic shift values to indicate one or two bit ACK/NACK information. In the case of a simultaneous ACK/NACK and SR transmission, as similar to legacy PUCCH, an additional SR resource can be configured and a UE selects the SR resource for ACK/NACK transmission as well as SR transmission. Although it requires double resources (e.g., 4 or 8 cyclic shifts), the resource overhead for SR may not be significant since the SR resource is not configured in every sTTIs.
The figure 1 shows the missed detection probability of an SR transmission when simultaneous ACK/NACK and SR transmission is used by selecting the associated SR resource. As seen in the figure, the SR missed detection performance is the same as ACK missed detection probability which seems to be straightforward and the same tendency can be observed from legacy PUCCH.  
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Figure 1. Missed detection probability for ACK/NACK + SR with sequence based sPUCCH
Based on this observation, it is seen that using additional cyclic shifts for SR and select the SR resource for simultaneous ACK/NACK and SR transmission works fine without any performance issue.

Proposal-1: confirm the working for 2OS sPUCCH with up to 2bits.
It is beneficial to use dynamic determination of cyclic shift values (e.g., cyclic shift group) for better scheduling flexibility for multi-user multiplexing. As similar to LTE, the sPUCCH resource (e.g., cyclic shift group) can be implicitly determined based on the scheduling information of associated sPDCCH and/or sPDSCH, or it can be explicitly indicated in the associated DCI.
The table 1 and 2 show examples of cyclic shift groups for 1 bit and 2 bits ACK/NACK indication for the sequence based sPUCCH. If the sPUCCH resource is explicitly indicated in the associated DCI, the CS group in the table can be indicated. Also, the cyclic shift values in a group can be selected with the largest distant values for performance.
Table 1. CS group for sequence based 1bit ACK/NACK indication

	Signaling bit
	Cyclic shift(α) group

	000
	0 : {ACK}

6 : {NACK}

	001
	1 : {ACK}

7 : {NACK}

	010
	2 : {ACK}

8 : {NACK}

	011
	3 : {ACK}

9 : {NACK}

	100
	4 : {ACK}

10 : {NACK}

	101
	5 : {ACK}

11 : {NACK}

	110
	Reserved

	111
	Reserved


Table 2. CS group for sequence based 2bit ACK/NACK indication

	Signaling bit
	Cyclic shift(α) group

	00
	0 : {ACK, ACK}

3 : {ACK, NACK}

6: {NACK, ACK}

9: {NACK, NACK}

	01
	1 : {ACK, ACK}

4 : {ACK, NACK}

7: {NACK, ACK}

10: {NACK, NACK}

	10
	2 : {ACK, ACK}

5 : {ACK, NACK}

8: {NACK, ACK}

11: {NACK, NACK}

	11
	Resrved


Proposal-2: a set of cyclic shift values can be dynamically indicated based on explicit indication in the associated DCI or implicit determination based on scheduling information.
In the case that a different sTTI length between sPDSCH and its associated sPUCCH is used, a single sPUCCH region should be associated with multiple sPDSCH regions as shown in the Figure 2. For example, sPDSCH sTTI #0, #1, #2, and #3 should be associated with sPUCCH sTTI #0 as sTTI length of an sPUCCH is longer than that of an sPDSCH. Therefore, efficient multiplexing of HARQ-ACK transmissions associated with multiple sPDSCH sTTIs should be supported and considered on sPUCCH design.

Since a UE may receive multiple sPDSCHs which may be associated with the same sPUCCH region, multiple HARQ-ACK transmission from a UE can be also considered for sPUCCH design. Considering uplink coverage issue, multiple sPUCCH resources can be reserved and a UE may determine one of the reserved sPUCCH resources to indicate HARQ-ACK without coverage loss.

Proposal-3: consider a single sPUCCH sTTI can be associated with multiple sPDSCH sTTIs.
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Figure 2. Example of an association between multiple sPDSCHs and a single sPUCCH
3
Summary
In this contribution, we discussed on the sPUCCH design. From the discussions, we propose the followings:

Proposal-1: confirm the working for 2OS sPUCCH with up to 2bits.
Proposal-2: a set of cyclic shift values can be dynamically indicated based on explicit indication in the associated DCI or implicit determination based on scheduling information.
Proposal-3: consider a single sPUCCH sTTI can be associated with multiple sPDSCH sTTIs.
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Annex

Table 2. Simulation Assumptions
	Parameter
	Setting

	System bandwidth
	10 MHz

	Frame structure
	FDD

	Carrier frequency
	2.0 GHz

	Antenna configuration
	1Tx(UE), 2Rx(eNB)

	Channel model
	EPA

	Channel estimation
	Realistic

	Resource allocation
	1 PRB

	UE Speed
	3km/h

	Performance metric
	Ack and SR miss-detection probability

	Transient time mask
	[2]

	sPUCCH structure
	Sequence-based (two cyclic shifts are reserved and a UE select one of the cyclic shifts based on Ack or Nack)

	HARQ-ACK
	1bit
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