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1	Introduction
In RAN1 #89, the following agreements were reached:
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



Agreement:
· For sPUCCH carrying more than 2-bit ACK/NACK and SR (if any) in 2os/3os sTTI
· Reuse legacy DMRS sequence generation
· The DMRS is in the first symbol for 2/3OS sPUCCH
· the number of RB(s) is configured by higher layer signaling as a value from 1 to X, FFS X.
· FFS on whether IFDMA is used

In this contribution paper, we provide design details, waveform generation, and performance evaluation for different sPUCCH formats. 
2	1-Slot sPUCCH Design
As already agreed, a 1-slot sPUCCH format based on the legacy PUCCH format 4 is supported. In our opinion, there is no reason to exclude any of the legacy PUCCH formats for the 1-slot sTTI operation. In particular, in addition to a PF4-based sPUCCH, both PF3-based and PF-5 based sPUCCH formats should be supported. Each of these formats is suitable for a given operating point.
Proposal 1: Both PF3-based and PF5-based 1-slot sPUCCH should be supported.
A PF3-based sPUCCH can carry up to 24 coded bits. In order to keep the coding rate almost the same as that of the legacy PUCCH format 3, the maximum payload size could be set to 10bits (i.e., the coding rate is ~0.42.) These 10bits could be associated with 10 HARQ ACK/NAK bits from up to 5CCs (assuming 2TBs per CC is supported), or 10 HARQ ACK/NAK bits from 10CCs (assuming 1CW per CC is supported), or the TDD HARQ ACK/NAK bits. Similar to the legacy LTE approach, for TDD, in case the number of ACK/NAK bits to be fed back for multiple downlink slots associated with one UL slot is greater than 10bits, spatial/time/frequency bundling should be performed. Finally, since the maximum of 10bits is supported by a PF3-based 1-slot sPUCCH, the RM code with circular buffer rate matching can be adopted.
Proposal 2: The maximum payload size and the maximum number of coded bits supported by a PF3-based 1-slot sPUCCH, respectively, is 10bits and 24bits.
Proposal 3: For a PF3-based 1-slot sPUCCH, a Reed Muller coding with circular buffer rate matching is adopted. 
Each slot of legacy PUCCH format 3 allows for multiplexing of up to 5 format 3 transmissions in the same RB. If hopping is allowed for PF3-based sPUCCH, the multiplexing capacity decreases (considering the 4+3 or 4+3 hopping patterns, given that each segment should have a DMRS symbol, the multiplexing capacity reduces to 2.) Hence, we propose that:
Proposal 4: For PF3-based sPUCCH, intra-sTTI frequency hopping is not allowed.
Similarly, for PF4 and PF5 based sPUCCHs, if hopping is allowed, the capacity of each slot reduces (again, this is due to the fact that one DMRS per hopping segment is required.) Hence, we propose that:
Proposal 5: For PF4-based and PF5-based sPUCCH, intra-sTTI frequency hopping is not allowed.
Further, the data/DMRS pattern, coding scheme and resource mapping schemes of these sPUCCH formats are all the same as those of the legacy LTE.
Proposal 6: For PF4 and PF5 based 1-slot sPUCCH, the data/DMRS pattern, coding scheme and resource mapping schemes are all the same as those of the legacy LTE.
3	2-Symbol sPUCCH Design
3.1 A 2/3-Symbol sPUCCH design for small payload sizes 
For the 2/3-symbol sPUCCH and small payload sizes, we propose to confirm the working assumption reached in RAN1 #89 as follows:
Proposal 7: The sequence-based sPUCCH w/o DMRS is supported for up to two HARQ-ACK bits in 2OS sTTI and 3OS sTTI.

In the 3-symbol sTTIs, the hopping pattern should be 1+2. This can be helpful in the SRS subframes, where SRS should be transmitted over the last symbol of a subframe. In such a case, similar to the case of the 2-symbol sTTIs, the effective pattern becomes 1+1. 

Proposal 8: In the 3-symbol sTTIs, the hoping pattern of the sequence-based sPUCCH w/o DMRS is 1+2.

3.2 An Interlaced Based 2-Symbol sPUCCH design for large payload sizes 
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.

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



Proposal 9: For 2/3-symbol sPUCCH supporting large payload sizes, IFDMA structure is supported.
4	sPUCCH Format Management
Figure 2 presents an example of the sPUCCH resource management in a 2-symbol sTTI comprising four blocks of resources assuming that the sequence-based sPUCCH design is adopted for small payload sizes.


Figure 2: Resource allocation for the proposed 2-symbol sPUCCH schemes.

The allocation regions and the length of the sPUCCH format for large payload sizes on the two sides of the band can be set by RRC signalling. Once indicated, the sPUSCH allocations within the two edge blocks (block 0 and 3 in the figure above) do not collide with the small or large sPUCCH formats. 
If sPUSCH is scheduled, ACK/NAK and CSI can be transmitted over the sPUSCH. When CSI has to be sent, but sPUSCH is not scheduled, ACK/NAK can be appended with the CSI information and sent over the IFDMA-based sPUCCH format. 
As shown in the figure above, when the IFDMA-based sPUCCH region is unused, in order to reduce the overhead, sPUSCHs assigned over block 0 and 3 should be able to reuse these resources. To enable this, when assigning sPUSCH blocks, 2 additional bits can be added in order to indicate whether the top and/or bottom regions can be reused for sPUSCH transmission.
Proposal 10: The sequence-based sPUCCH format resources are located close to the legacy PDCCH region.
Proposal 11: The IFDMA-based sPUCCH format resources are placed at both ends of the band and close to the ACK sPUCCH format resources.
Proposal 12: Consider adding a 2-bit field in the uplink grant which indicates whether the sPUCCH resources reserved for large payload sizes are used or not. 
5	Conclusions 
Proposal 1: Both PF3-based and PF5-based 1-slot sPUCCH should be supported.
Proposal 2: The maximum payload size and the maximum number of coded bits supported by a PF3-based 1-slot sPUCCH, respectively, is 10bits and 24bits.
Proposal 3: For a PF3-based 1-slot sPUCCH, a Reed Muller coding with circular buffer rate matching is adopted. 
Proposal 4: For PF3-based sPUCCH, intra-sTTI frequency hopping is not allowed.
Proposal 5: For PF4-based and PF5-based sPUCCH, intra-sTTI frequency hopping is not allowed.
Proposal 6: For PF4 and PF5 based 1-slot sPUCCH, the data/DMRS pattern, coding scheme and resource mapping schemes are all the same as those of the legacy LTE.
Proposal 7: The sequence-based sPUCCH w/o DMRS is supported for up to two HARQ-ACK bits in 2OS sTTI and 3OS sTTI.

Proposal 8: In the 3-symbol sTTIs, the hoping pattern of the sequence-based sPUCCH w/o DMRS is 1+2.

Proposal 9: For 2/3-symbol sPUCCH supporting large payload sizes, IFDMA structure is supported.
Proposal 10: The sequence-based sPUCCH format resources are located close to the legacy PDCCH region.
Proposal 11: The IFDMA-based sPUCCH format resources are placed at both ends of the band and close to the ACK sPUCCH format resources.
Proposal 12: Consider adding a 2-bit field in the uplink grant which indicates whether the sPUCCH resources reserved for large payload sizes are used or not. 
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