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1 Introduction
In RAN1#85, the following agreements were made for sPUCCH transmissions [1]:
Agreement:

· The following  sPUCCH formats are recommended to be supported 

· One sPUCCH format for HARQ-ACK and/or SR feedback for a serving cell

· sPUCCH format(s) for multiple HARQ-ACK bits, e.g. as in CA and frame structure type 2

· The amount of sPUCCH formats to support is depending on the maximum identified payload size to support

· sPUCCH format allows for multiplexing of HARQ-ACK and SR

· FFS: sPUCCH format supports CSI feedback

Working assumption:

· It is recommended to support a design that is based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI for sPUCCH/sPUSCH 

· During the WI phase, down-selection is not precluded

· The working assumption is automatically confirmed by the end of Thursday if no significant issues are found

· Note: the supported sTTI lengths are not intended to impact discussion on additional subframe types in TDD. 
Agreement:

· Regarding sTTI length:

· Confirm the working assumption for FS1 FDD

· Take the following agreement for FS2 TDD

· It is recommended to support a design that is based on 1-slot sTTI for sPDSCH/sPDCCH/sPUSCH/sPUCCH for FS2 TDD in Rel-14

· It is recommended to consider enhancements including other shorter sTTI duration(s), and additional DL-UL switching points/ additional subframe types for FS2 TDD latency reduction in Rel-15

In RAN1#86, the following agreement was made for sPUCCH transmissions [2]:
Agreement:

· The TTI length of sPUSCH is the same as that of sPUCCH in a given subframe for one UE
In RAN1#86bis, the following agreement was made for sPUCCH transmissions [3]:
Agreement:

· For the combination of sTTI for DL and UL, RAN1 chooses one to be supported among the following alternatives.

· Alt 1. {2,2}, {7,7}
· Alt 2. {2,2}, {2,4}, {7,7}
· Alt 3. {2,2}, {2,7}, {7,7}
· Alt 4. {2,2}, {2,4}, {2,7}, {7,7}
· Note: {a,b} denotes {DL sTTI length, UL sTTI length}.

· Note: DL sTTI length is used for sPDCCH and sPDSCH.

· Note: UL sTTI length is used for sPUSCH and sPUCCH corresponding to sPDCCH and sPDSCH, respectively.

· RAN1 study the necessity of {2,14} and/or {7,14} 

In this paper, we discuss the design of sPUCCH for sTTI.  
2 Discussion
To support sTTI transmission, new PUCCH formats are needed for the transport of at least HARQ-ACK and SR information. To simplify the design of sPUCCH, at most two types of sPUCCH format can be defined with one for small payload size and one for large payload size. For each type of sPUCCH format, one or more sTTI lengths can be considered. Since the length of UL sTTI can be 2-symbol, 4-symbol or 1-slot, the following designs can be considered for sPUCCH:
· For sPUCCH with sTTI length of 1-slot, the structure of legacy PUCCH format 1/2/3/4/5 in one slot with RS + data can be reused.
· Structure 1: PUCCH format 1/1a/1b based structure, one modulation symbol with 1 or 2 bits HARQ-ACK can be transmitted by keeping the time-domain OCC and frequency-domain cyclic shift, or 1 to 12 bits HARQ-ACK can be transmitted by removing or reducing the time-domain OCC and RS overhead. 
· Structure 2: PUCCH format 2/2a/2b based structure, 5 modulation symbols can be transmitted which means at most 5 payload bits can be transmitted with up to 1/2 coding rate with RM (20, 13) code. The coding gain may be reduced since the output coded bits from RM (20, 13) encoder are truncated much. Since the number of modulation symbol is too small, it may be not necessary to use RM coding with such PUCCH format 2/2a/2b based structure. Note that without RM coding, it is similar as PUCCH format 1/1a/1b based structure by reducing or removing the time-domain OCC which can be included in structure 1. From such perspective, PUCCH format 2/2a/2b based structure may not be considered for sPUCCH design.
· Structure 3: PUCCH format 3 based structure, 12 modulation symbols can be transmitted which means at most 11 payload bits can be transmitted with about 1/2 coding rate with single RM (32, 11) code. The coding gain will be reduced since the coded bits output from RM (32, 11) encoder are truncated much. If the time-domain OCC is removed so as to increase the payload capacity, it is similar as PUCCH format 4/5 based structure which can be included in structure 4.
· Structure 4: PUCCH format 4/5 based structure, a wide range of payload sizes can be supported with variable coding rate by allocating different number of RBs. TBCC+8 bits CRC can be reused for all payload sizes. Repetition coding, RM coding can also be considered for PUCCH format 4/5 based structure to improve the performance for small payload sizes. 
· For sPUCCH with sTTI length of 4-symbol, modified structure of legacy PUCCH format 1/2/3/4/5 with RS + data can be reused or sequence based structure can be considered.
· Structure 1: modified PUCCH format 1/1a/1b based structure with at least one symbol for RS and by removing or reducing the time-domain OCC. 1 to 6 bits HARQ-ACK can be transmitted depending on the RS overhead and length of time-domain OCC.
· Structure 2: modified PUCCH format 2 based structure with at least one symbol for RS. Up to 3 modulation symbols can be transmitted if assuming one symbol for RS. The analysis can be similar as that of sTTI length of 1-slot.
· Structure 3: modified PUCCH format 3 based structure with at least one symbol for RS and by removing or reducing the length of time-domain OCC. Same as that of sTTI length of 1-slot.
· Structure 4: PUCCH format 4/5 based structure. Similar as that of sTTI length of 1-slot.
· Structure 5: Sequence based structure, such as 1 bit ACK or NACK is carried on one CAZAC sequence with corresponding cyclic shift. Up to 12 UEs can be multiplexed in one RB without OCC in time domain. 1 to 3 bits HARQ-ACK can be transmitted depending on the RS overhead and length of time-domain OCC, which means sTTI length of 4-symbol with this structure can only be used for small payload size.
· For sPUCCH with sTTI length of 2-symbol, modified structure of legacy PUCCH format 1/2/3/4/5 with RS + data can be reused or sequence based structure can be considered.
· Structure 1: modified PUCCH format 1/1a/1b based structure with one symbol for RS and without time-domain OCC. One modulation symbol with 1 or 2 bits HARQ-ACK can be transmitted, which means sTTI length of 2-symbol with this structure can only be used for small payload size.
· Structure 2: modified PUCCH format 2 based structure with one symbol for RS. Only one modulation symbols can be transmitted. The analysis can be similar as that of sTTI length of 1-slot.
· Structure 3: PUCCH format 3 based structure by removing the time-domain OCC, which is similar as PUCCH format 4/5 based.

· Structure 4: PUCCH format 4/5 based structure. Similar as that of sTTI length of 1-slot.
· Structure 5: Sequence based structure, such as 1 bit ACK or NACK is carried on one CAZAC sequence with corresponding cyclic shift. Up to 12 UEs can be multiplexed in one RB without OCC in time domain. This structure can only be used for small payload size.
Based on the above analysis, for sPUCCH format for small payload size, either PUCCH format 1/2/3/4/5 based structures or sequence based structure can be considered. For sPUCCH format for large payload size, the maximum payload size which can be support by legacy PUCCH formats 1/2/3 based sPUCCH is limited, which means even legacy PUCCH 1/2/3 based structure is adopted for sPUCCH, PUCCH format 4/5 based sPUCCH should be supported in addition for larger payload size especially for DL CA with large number of CC. Furthermore, if different legacy PUCCH formats are used for design sPUCCH with different payload size and/or sTTI lengths, more sPUCCH procedures should be defined since different legacy PUCCH formats have different procedures. 
Since PUCCH format 4/5 based structure for sPUCCH can support all sTTI lengths and a large range of payload size including small and larger payload sizes, it is straightforward and simple to define a unified sPUCCH structure based on PUCCH format 4/5 structure for different sTTI lengths and different payload sizes. By using PUCCH format 4/5 based structure, the procedure sPUCCH formats with different payload sizes and different sTTI lengths including coding, rule of RE mapping, OCC operation are the same with respectively defined RS positions for different sTTI lengths only, which can reduce both the specification and implementation complexity of sPUCCH. To increase the multiplexing capacity in the same resource, longer OCC in frequency domain can also be considered. 
Since it is already justified in legacy system that frequency hopping can bring large performance gain for PUCCH transmission, frequency hopping should be considered if it is possible to support for sPUCCH. However, as transient time may be required to support frequency hopping as defined in legacy UL ON/OFF time mask in RAN4 and an LS [4] has been sent to RAN4 in the last meeting to ask how to design the UL ON/OFF time mask for sTTI transmission, RAN1 should wait for the reply LS from RAN4 to decided whether frequency hopping can be supported for sPUCCH.
For sPUCCH format with sTTI length of 4-symbol or 1-slot, frequency hopping can be supported based on legacy PUCCH format such as PUCCH format 4/5 by defining suited RS positions. For sPUCCH format with sTTI length of 2-symbol, RS+ data structure cannot support frequency hopping, and sequence based structure may be considered if frequency hopping should be supported (depending on the RAN4 reply as mentioned above) for sPUCCH format with sTTI length of 2-symbol.
Hence, we have the following proposals: 

Proposal 1: PUCCH format 4/5 based structure should be reused at least for the design of sPUCCH format with sTTI length of 4-symbol and 1-slot. 

Proposal 2: RAN1 should wait for the reply LS from RAN4 on UL time mask to decided whether frequency hopping can be supported for sPUCCH, especially for 2OS UL sPUCCH. 

Proposal 3: PUCCH format 4/5 based structure should be reused for the design of sPUCCH format with sTTI length of 2-symbol unless frequency hopping is supported for sPUCCH format with sTTI length of 2-symbol, in which case sequence based structure can be considered. 

Proposal 4: A sPUCCH format for small payload size is only used for 1 or 2 bits HARQ-ACK and/or SR transmission. 
Proposal 5: When PUCCH format 4/5 based structure is used for the design of sPUCCH format, channel coding can be optimized with repetition coding or RM coding for UCI bits no more than X, while X could be 22 or other values less than 22.

For P-CSI, if P-CSI on sPUCCH is not supported, then when there is at least one sPUCCH in a P-CSI (using PUCCH) subframe, P-CSI may be dropped when colliding with HARQ-ACK assuming that sPUCCH+PUCCH is not support in our other contribution [5]. This will increase the dropping probability of P-CSI which is not desired. Hence, P-CSI on sPUCCH should be supported and the design of PUCCH format 4/5 based sPUCCH format should be unified for HARQ-ACK and P-CSI payload.

Proposal 6: P-CSI on sPUCCH should be supported and the design of PUCCH format 4/5 based sPUCCH format should be unified for HARQ-ACK and P-CSI payload.
The frequency resource of sPUCCH can be indicated with two alternatives as follows:
· Alt 1: The frequency resources can be configured for sPUCCH per-UE by higher layer signaling.
· Alt 2: A set of frequency resources with same or different resource sizes can be configured for sPUCCH per-UE by higher layer signaling, and one of the frequency resources can be indicated in the DL DCI.
It should be noticed that each frequency resource may include the PRB index, the number of PRB if multiple PRBs is configured for sPUCCH, and the OCC index if OCC is supported for PUCCH format 4/5 based sPUCCH format. Similar to PUCCH format 4/5, the coding rate within a predefined set of values can be UE-specifically configured by higher layer signaling. If sequence based sPUCCH format is supported, the PUCCH resource can be represented as the cyclic shift, RB index, the number of PRB if multiple PRBs is configured for sPUCCH, or can be represented as PUCCH index similar as PUCCH format 1 based on which the RB location and cyclic shift are implicitly derived which however cannot support to configure multiple PRBs for sPUCCH. 
When sPUCCH is used for P-CSI or SR transmission, Alt 1 can be used and more than one frequency resources with different resource sizes can be configured for P-CSI transmission so as to support different P-CSI payload sizes. When sPUCCH is used for at least HARQ-ACK transmission, Alt 2 can be used so as to adjust the sPUCCH capacity to support different payload sizes. The ARI field used for indicating the frequency resource in DL DCI should always exist such that no additional fallback to implicit resource is defined.
For the consideration of latency reduction, the sPUCCH resource should be available in each UL TTI HARQ-ACK feedback. This will lead to the potential resource fragmentation in every UL sTTI.  Alternatively, only a subset of UL sTTIs can be used for sPUCCH transmission.

Proposal 7: The frequency resource of sPUCCH for HARQ-ACK can be indicated by DL grant associated with the sPUCCH, no fallback scheme to implicit resource should be defined. 
Proposal 8: The frequency resource of sPUCCH for P-CSI or SR can be configured by higher layer.
As it was discussed in the last meeting, there are four Alternatives for the combination of sTTI for DL and UL. From the perspective of flexibility, Alt 4 {2,2}, {2,4}, {2,7}, {7,7}should be adopted. For simplicity, Alt 3 {2,2}, {2,7}, {7,7}can also be considered. Since the TTI length of sPUCCH and sPUSCH should be the same in the same subframe, there are several options to determine the UL TTI length:
· Option 1: The UL TTI length can be configured by high layer signaling.
· If all UL and DL sTTI lengths confirmation as listed in Alt 4 will be supported, either separate RRC signaling for UL and DL or the one RRC signaling to indicate the combination can be considered.

· If not all UL and DL sTTI lengths confirmation such as listed in Alt 3 will be supported, one RRC signaling to indicate the combination can be considered.

· Option 2: The UL TTI length can be indicated in either DL grant or  UL grant or both

· Option 3: The UL TTI length can be determined implicitly according to the used sPUCCH formats, for example, sPUCCH format 1 can be defined with 2-symbol sTTI and sPUCCH format 2 can be defined with 1-slot sTTI and PUCCH is for 1ms TTI. 

Option 2 is most flexible with additional DCI overhead. However, the dynamic switching of UL TTI in a dynamic way does not seems to be very necessary, as UL TTI length should be a tradeoff between latency reduction and coverage requirement. Option 1 and option 3 are semi-static configuration by explicit or implicit ways. 
Proposal 9: At least the combination of sTTI for DL and UL with {2,2}, {2,7}, {7,7} should be supported.

Proposal 10: The TTI length of sPUCCH can be configured by higher layer, or implicitly derived based on the sPUCCH format, if multiple sPUCCH formats with different sTTI lengths are to be specified. 
3 Conclusions
Based on the above discussion, we have the following proposals:
Proposal 1: PUCCH format 4/5 based structure should be reused at least for the design of sPUCCH format with sTTI length of 4-symbol and 1-slot. 

Proposal 2: RAN1 should wait for the reply LS from RAN4 on UL time mask to decided whether frequency hopping can be supported for sPUCCH, especially for 2OS UL sPUCCH. 

Proposal 3: PUCCH format 4/5 based structure should be reused for the design of sPUCCH format with sTTI length of 2-symbol unless frequency hopping is supported for sPUCCH format with sTTI length of 2-symbol, in which case sequence based structure can be considered. 

Proposal 4: A sPUCCH format for small payload size is only used for 1 or 2 bits HARQ-ACK and/or SR transmission. 

Proposal 5: When PUCCH format 4/5 based structure is used for the design of sPUCCH format, channel coding can be optimized with repetition coding or RM coding for UCI bits no more than X, while X could be 22 or other values less than 22.

Proposal 6: P-CSI on sPUCCH should be supported and the design of PUCCH format 4/5 based sPUCCH format should be unified for HARQ-ACK and P-CSI payload.
Proposal 7: The frequency resource of sPUCCH for HARQ-ACK can be indicated by DL grant associated with the sPUCCH, no fallback scheme to implicit resource should be defined. 
Proposal 8: The frequency resource of sPUCCH for P-CSI or SR can be configured by higher layer.

Proposal 9: At least the combination of sTTI for DL and UL with {2,2}, {2,7}, {7,7} should be supported.

Proposal 10: The TTI length of sPUCCH can be configured by higher layer, or implicitly derived based on the sPUCCH format, if multiple sPUCCH formats with different sTTI lengths are to be specified. 
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