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1. Introduction

In RAN1 #89 meeting, following agreements and working assumptions were made on sPUCCH [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
Agreement:
· For 7-symbol sPUCCH format carrying more than 2 HARQ bits, and SR, if any, PF4-based sPUCCH format is supported.
· PF4-based sPUCCH format:

 

PF4-based sPUCCH format

Modulation

QPSK

DMRS sequence

Reuse legacy DMRS sequence for PUCCH

Intra-sTTI hopping

FFS if hopping and/or no hopping is used

DMRS pattern

Non-hopping (if supported): Reuse DMRS pattern of PUCCH format 4

Hopping (if supported): 
{X X X | X X X X} for the first slot, {X X X X | X X X} for the second slot

· Note that the bar | indicates a hopping boundary and X can be either data or DMRS symbol

· FFS on DMRS pattern

Number of RBs for PUCCH resource

1 or multiple RBs

· RAN1 down-select between the following three alternatives:

· Alt 1: No additional sPUCCH format is supported 

· Alt 2: Support in addition PF3-based 7OS sPUCCH

· Alt 3: Support in addition PF3-based, and PF5-based 7OS sPUCCH

· FFS: Coding methods 

· In case multiple formats are supported, FFS on format selection 
· PF5-based sPUCCH format details FFS.
· PF3-based sPUCCH format, if supported
 

PF3-based sPUCCH format

Modulation

QPSK

DMRS sequence

Reuse DMRS sequence for PUCCH format 3

Intra-sTTI hopping

Non-hopping, FFS: hopping

DMRS pattern and OCC

Non-hopping: Reuse DMRS pattern of PUCCH format 3 and OCC

Hopping: FFS on details if supported

Number of RBs for PUCCH resource

1 RB




Based on these agreements, we discuss the sPUCCH design aspects for shortened TTI.
2. Discussion
2.1. sPUCCH format carrying up to 2 bits HARQ-ACK and SR (if any)

For 2/3-symbol sPUCCH carrying up to 2 bits, sequence-based sPUCCH without DMRS was adopted in RAN1#89 meeting. Correspondingly, some issues related to sequence-based sPUCCH should be taken into consideration. One issue to be handled is how to map A/N information to cyclic shift indices. Basically, two cyclic shift indices would be mapped to ACK and NACK, respectively, and the distance between two cyclic shift indices would be set as far as possible within the sequence length (e.g., cyclic shift index 0 for ACK, and cyclic shift index 6 for NACK with length-12 computer-generated sequence). These cyclic shift indices can be configured by higher layer signaling, however, we need to consider the intercell interference issue. As agreed in RAN1#89 meeting, cyclic shift randomization which was already defined for 1 ms operation would be reused for sTTI operation. Then, in order to configure a pair of cyclic shift indices for HARQ-ACK transmission by higher layer signaling while pre-defined cyclic shift randomization is applied, a pair of offset values can be configured instead of a pair of cyclic shift indices itself. The offset value means an additional cyclic shift from the pre-defined cyclic shift index from cyclic shift randomization. The pair of offset values would be set so as to maintain the distance between two cyclic shift indices for HARQ-ACK to be farthest within the sequence length. Alternatively, just one offset value can be configured by higher layer signaling for ACK transmission and another offset value for NACK transmission would be implicitly derived as the farthest value considering the sequence length.
Proposal 1: In order to configure a pair of cyclic shift indices for HARQ-ACK transmission by higher layer signaling while pre-defined cyclic shift randomization is applied, an offset value can be configured instead of cyclic shift index itself.
For 2/3-symbol sPUCCH carrying up to 2 bits, intra-sTTI hopping pattern also needs to be considered. For 2-symbol sTTI, obviously, two one-symbol chucks can be considered. Within a subframe, there are two of 3-symbol sTTIs: sTTI#0 and sTTI#5. For sTTI#0, considering the CP length for the first OFDM symbol is longer than that for the second and third OFDM symbol (i.e., 5.2us vs. 4.7us), hopping pattern of {1, 2} is slightly preferred. For sTTI#5, considering potential SRS transmission at the last symbol, also hopping pattern of {1, 2} is slightly preferred.
Proposal 2: For intra-sTTI hopping of 3-symbol sTTI, hopping pattern of {1, 2} is adopted.

For 7-symbol sTTI, it was agreed that both hopping and non-hopping cases within a sTTI are supported. For non-hopping case, since it was agreed to reuse DMRS pattern of PUCCH format 1/1a/1b, OCC over three DMRS symbols and over four data symbols can be exactly reused as well. On the other hand, for hopping case, considering that the multiplexing capacity using OCC is limited to 1 DMRS symbol in a 3-symbol chunk, we think that OCC seems not necessary. 

Considering that a UE will be configured with either hopping or non-hopping, collision handling of 7-symbol sPUCCH and SRS may need to be addressed. In case of non-hopping case, sPUCCH at the second slot within a subframe can be rate-matched around SRS at the last symbol. On the other hand, in case of hopping case, since the second chunk of sPUCCH consists of three symbols, only two symbols will be available if the sPUCCH is rate-matched around SRS. In this sense, for hopping case, simply SRS can be dropped and sPUCCH with 7 symbols can be transmitted at the second slot. 

Proposal 3: For 7-symbol sPUCCH format carrying up to 2 bits, OCC of PUCCH format 1/1a/1b can be exactly reused for non-hopping case while OCC is not necessary to be supported for hopping case. 

Proposal 4: For 7-symbol sPUCCH format carrying up to 2 bits, collsion handling of sPUCCH and SRS can be dependent on whether hopping is configured or not. 

For handling on simultaneous transmission of SR and HARQ-ACK, simply two resources can be used for differentiating positive and negative scheduling requests, which has been adopted for legacy TTI. For example, for positive SR, sPUCCH is transmitted on SR resource while for negative SR, sPUCCH is transmitted on sHARQ-ACK resource. However, if short TTI SR is to be supported for request for sPUSCH scheduling, the following scenarios need to be taken into account:

· sA/N with or without A/N to be transmitted on sPUCCH + SR:
For positive SR, sPUCCH is transmitted on SR resource while for negative SR, sPUCCH is transmitted on sHARQ-ACK resource.

· sA/N with or without A/N to be transmitted on sPUCCH + sSR:
For positive sSR, sPUCCH is transmitted on sSR resource while for negative sSR, sPUCCH is transmitted on sHARQ-ACK resource.

· sA/N with or without A/N to be transmitted on sPUCCH + SR + sSR:
One simple approach is to drop one of SRs when SR and sSR are collided. Alternatively, both SR and sSR can be transmitted by using more resources and/or cyclic shifts in order to distinguish 4 states (e.g., positive SR & positive sSR, positive SR & negative sSR, negative SR & positive sSR, and negative SR & negative sSR).

Proposal 5: Further discussion on whether or not to support separate scheduling request for short TTI is needed. 

Proposal 6: For handling on simultaneous transmission of SR and HARQ-ACK, sPUCCH transmission using multiple resources and/or cyclic shifts can be considered. 

2.2. sPUCCH format carrying more than 2 bits

For 2/3-symbol sTTI, it was agreed that PF4-based sPUCCH format is supported. In this case, channel coding method needs to be addressed. Basically, TBCC with CRC can be used for UCI payload more than 22 bits. Further discussion will be needed on which channel coding scheme is supported for UCI payload less than 23 bits. 

For 7-symbol sTTI, it was agreed that PF4-based sPUCCH format is supported. In case of PF4-based sPUCCH, only intra-sTTI hopping will be necessary for achieving frequency diversity gain since it cannot provide any code domain multiplexing even without intra-sTTI hopping. We slightly prefer to support only PUCCH format 4 based sPUCCH for less specification efforts by avoiding the support of multiple formats. Analogous to 2/3-symbol sPUCCH carrying more than 2 bits, for UCI payload more than 22 bits, TBCC with CRC can be supported. For UCI payload less than 23 bits, further investigation will be needed on which channel coding scheme is supported. 

If multiple formats are to be adopted, PF3-based sPUCCH can be also considered. In case of PF3-based sPUCCH, both intra-sTTI hopping and non-hopping can be considered since sPUCCH format based on PF3 without intra-sTTI hopping can be multiplexed with legacy PUCCH format 3. In this case, how to apply format adaptation between PF3-based and PF4-based sPUCCH formats needs to be also discussed. In our view, format adaptation according to payload size seems enough as legacy LTE. 

For hopping case, the hopping pattern needs to be also clarified. Considering more efficient multiplexing and resource packing between 2/3-OS and 7-OS channels, similar to 7-OS sPUCCH with small payload, {3/4} and {4/3} should be supported for the first and second slot, respectively, where “/” indicates a hopping boundary. DMRS position can be reused from PUCCH format 3/4 for non-hopping case (i.e., 2nd and 6th symbols) while for hopping case, different variants can be further considered such as 2nd and 5th in {3/4} sTTI for better channel estimation performance. 

Proposal 7: For 7-symbol sPUCCH carrying more than 2 bits, we slightly prefer to support only PUCCH format 4 based sPUCCH for less specification efforts.

3. Conclusion
In this contribution, we discussed some issues related to the sPUCCH design for shortened TTI.
Proposal 1: In order to configure a pair of cyclic shift indices for HARQ-ACK transmission by higher layer signaling while pre-defined cyclic shift randomization is applied, an offset value can be configured instead of cyclic shift index itself.
Proposal 2: For intra-sTTI hopping of 3-symbol sTTI, hopping pattern of {1, 2} is adopted.

Proposal 3: For 7-symbol sPUCCH format carrying up to 2 bits, OCC of PUCCH format 1/1a/1b can be exactly reused for non-hopping case while OCC is not necessary to be supported for hopping case. 

Proposal 4: For 7-symbol sPUCCH format carrying up to 2 bits, collsion handling of sPUCCH and SRS can be dependent on whether hopping is configured or not. 

Proposal 5: Further discussion on whether or not to support separate scheduling request for short TTI is needed. 

Proposal 6: For handling on simultaneous transmission of SR and HARQ-ACK, sPUCCH transmission using multiple resources and/or cyclic shifts can be considered. 

Proposal 7: For 7-symbol sPUCCH carrying more than 2 bits, we slightly prefer to support only PUCCH format 4 based sPUCCH for less specification efforts.
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