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1. Introduction
The SI on Latency reduction techniques for LTE [1] was closed at RAN#72 and based on the outcome documented in the TR [2], a follow-up WI was approved in [3]. The main objectives of the WI in [3] are given by: 
The objective of this work item is to specify shortened TTI operation and shortened processing time for both legacy (1ms) TTI and shortened TTI. The specified solution should cover the case of carrier aggregation and non-carrier aggregation. Aim for a similar design as possible independent of frame structure.

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)

In this document, we discuss the remaining issues related to sPUCCH formats. 
2. Remaining issues for SR + HARQ-ACK Transmission with subsolt sPUCCH
2.1 Subslot sPUCCH design for up to 2-bit HARQ-ACK and/or SR 
The working assumption from RAN1#89 adopts sequence-based PUCCH to carry 2-bit payload in 2/3OS sTTI. One of the FFS points of the working assumption is “how to handle SR request” together with HARQ-ACK bits. 
Sequence based sPUCCH makes use of computer generated length-12 sequences, which are also used e.g. as demodulation reference signals in LTE. More specifically, 2 (for 1-bit HARQ-ACK case) or 4 (for 2-bit HARQ ACK) cyclic shifts of a sequence represent the different possible values of HARQ ACK (0 or 1 for 1-bit case, 00, 01, 10, or 11 for the 2-bit case). The detection of the HARQ-ACK value can be non-coherent, i.e. there are no specific reference signals but instead the eNodeB can just compare the different received sequences and cyclic shifts, and the one with the largest received power (e.g. based on auto-correlation operation) can be selected. In other words, the eNodeB will test multiple (2 or 4) hypothesis each representing one or two bits, and choose the most likely one. 
Table 1 An example of sequence based sPUCCH with two HARQ-ACK bits (A1 and A2)
	A1
	A2
	logical resource on PRB1
	logical resource on PRB2

	0
	0
	0
	0

	0
	1
	1
	1

	1
	0
	3
	3

	1
	1
	2
	2



To ensure reliable detection of the correct sequence (or cyclic shift), all the sequences possibly carrying HARQ-ACK information should be located on the same physical resource block(s) (PRBs). Otherwise, (if one sequence uses a different PRB than the other) e.g. frequency domain fading to the channel could significantly deteriorate the reliability of detecting which sequence was transmitted. Typically, it is assumed that 6 cyclic shifts of a sequence can remain sufficiently orthogonal (i.e. can be sufficiently distinguished) on a single PRB (i.e. one PRB may contain up to 6 resources).
In sTTI operation, the Scheduling Request -only signalling is also expected to utilize sequence based operation. However, since the SR-only carries on/off type of information, a single resource (e.g. cyclic shift) will be sufficient (in case of a negative SR, nothing is transmitted). If a UE needs to transmit both HARQ-ACK and SR in the same sTTI, it is preferred to avoid multi-cluster transmission and transmit both on the same PRB.
When multiplexing the HARQ-ACK with SR, the problem is that e.g. for the 2-bit HARQ ACK case, 3 bits of information needs to be signalled. In principle, with sequence based sPUCCH this requires 8 orthogonal resources which usually cannot fit onto a single PRB. 
Observation #1: The 8 orthogonal resources required for simple extension of sequence based sPUCCH for A/N+SR signaling are not always available on a single PRB.  

In the following we present two alternatives for signaling SR and 2-bit HARQ-ACK with sequence based 2/3 OS sPUCCH such that all the resources in a given symbol fit into the same PRB.

Alternative 1: Bundling based solution
Table 2 shows an example, where two additional logical resources 4 and 5 are employed when SR is transmitted. PRB1 and PRB2 are used in different symbols. When HARQ-ACK coincides with positive SR, the HARQ-ACK bits are bundled using logical AND operation. When bundled HARQ-ACK is ACK, the logical resource 4 is chosen while when the bundled HARQ-ACK is NACK, the logical resource 5 is chosen. 
This alternative preserves the diversity gain from frequency hopping as the information transmitted on different symbols on PRBs is duplicated. The drawback of bundling is that there may be unnecessary retransmissions of data if one of the bits corresponds to ACK and another one is a NACK, resulting in some degradation in DL throughput. The loss from bundling is likely rather insignificant if the HARQ-ACK bits relate different TBs of the same carrier, and larger for the carrier aggregation case. The losses can be expected to be small also because SRs are transmitted infrequently and the bundling is rarely needed.



Table 2  A/N bundling on PRB2 when SR is present, single physical sequence is transmitted on a physical resource (6 resources reserved), 
	A1
	A2
	bundled A/N
	SR
	Logical resource on PRB1
	Logical resource on PRB2

	0
	0
	 
	0
	0
	0

	0
	1
	 
	0
	1
	1

	1
	0
	 
	0
	3
	3

	1
	1
	 
	0
	2
	2

	0
	0
	0
	1
	5
	5

	0
	1
	0
	1
	5
	5

	1
	0
	0
	1
	5
	5

	1
	1
	1
	1
	4
	4



Alternative 2: Channel selection on 2nd PRB 
Table 3 shows an example where different logical resource (cyclic shifts) are transmitted on PRB1 and PRB2, if SR is transmitted. Here again, PRB1 and PRB2 are used in different symbols. The advantage compared to Alternative 1 is that only 4 logical resources need to be reserved. However, with SR transmitted, the diversity gain from frequency-hopping is lost. No HARQ-ACK bundling is assumed here, and consequently there will be no impact on DL throughput.
Table 3 No ACK/NACK bundling, single physical sequence is transmitted on a physical resource (4 sequences reserved)
	Logical resource on PRB1
	Logical resource on PRB2
	SR
	A1
	A2

	0
	0
	0
	0
	0

	1
	1
	0
	0
	1

	3
	3
	0
	1
	0

	2
	2
	0
	1
	1

	0
	2
	1
	0
	0

	1
	3
	1
	0
	1

	3
	1
	1
	1
	0

	2
	0
	1
	1
	1




In summary, we see that for sequence based sPUCCH to work reliably in 2-bit HARQ-ACK + SR case, one of the above alternatives should be adopted.
Proposal #1: SR + 2-bit HARQ ACK are transmitted using either bundling based solution (Table 2) or channel selection on 2nd PRB (Table 3).

2.2 Other aspects 
Other open issues for 2/3-OS sTTI sPUCCH include hopping pattern, A/N information mapping to CS, as well as whether IFDMA is supported with 2/3 OS sPUCCH with more than 2 bits. In the following we present our views on these aspects:

HARQ-ACK information mapping to Cyclic shifts:
HARQ-ACK mapping to cyclic shifts should aim at guaranteeing sufficient separation between different code points. In legacy LTE PUCCH, the CS separation between adjacent PUCCH resources is configurable in the range of {1, 2, 3}. Typically, it is assumed, that 6 cyclic shifts can be sufficiently orthogonal on a given PRB. We see that the CS separation on sPUCCH could also be made configurable. However, value “1” seems hardly feasible and could be precluded.
Proposal #2: HARQ-ACK information to cyclic shift mapping follows either Table 2 or Table 3. 
IFDMA support with subslot OS sPUCCH with more than 2 bits:
We do not see any particular benefits from supporting IFDMA with 2/3 OS sPUCCH with more than 2 bits. Instead, also this sPUCCH variant should use similar RS as legacy PUCCH.
Proposal #3: IFDMA is not supported with subslot OS sPUCCH with more than 2 bits  

4. Summary
In this contribution, we consider aspects impacting sPUCCH design for sTTI. Based on the discussion, we make the following observations and proposals related to sPUCCH design:
Observation #1: The 8 orthogonal resources required for simple extension of sequence based subslot sPUCCH for A/N+SR signaling are not always available on a single PRB.  
Proposal #1: SR + 2-bit HARQ ACK are transmitted using either bundling based solution (Table 2) or channel selection on 2nd PRB (Table 3).
Proposal #2: HARQ-ACK information mapping follows either Table 2 or Table 3. 
Proposal #3: IFDMA is not supported with subslot OS sPUCCH with more than 2 bits  
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