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1 Introduction

In the RAN#73 meeting, the revised Work Item on shortened TTI and processing time for LTE was approved [1].
In RAN1#87 meeting, following agreement related to sPUCCH have been achieved
Agreements:
· At least the following formats should be designed for sPUCCH:

· For sPUCCH supporting up to 2-bit HARQ-ACK and/or SR (if any)

· DMRS based demodulation for 7-symbol sTTI

· FFS on the formats and DMRS design for 2-symbol sTTI

· For sPUCCH supporting more than 2-bit HARQ-ACK and SR (if any)

· DMRS based demodulation for all sTTI lengths

· FFS on encoding methods
· FFS on sPUCCH with channel selection for up to 4-bit HARQ-ACK.

· FFS on support of frequency hopping
In this contribution, we discuss sPUCCH resource allocation for short TTI.

2 sPUCCH frequency resources
For 1ms TTI, PUCCH regions on the band edges maximizes the achievable PUSCH data rate, as the entire central portion of the band can be allocated to a single UE and impose fewer constraints on the uplink data scheduling, with and without inter-/intra-subframe frequency hopping. 

Following the same principles for legacy 1ms TTI, sPUCCH resources can also be allocated on the edges of UL system bandwidth. Thus, it is desirable to configure sPUCCH region next to legacy 1ms PUCCH region. 
Proposal 1: sPUCCH regions are allocated to the edges of UL system bandwidth, which is adjacent to the legacy 1ms PUCCH region.
3 Multiplexing between PUCCH and 2/7-OS sPUCCH
In this section, the resource multiplexing between PUCCH, 2OS sPUCCH and 7OS sPUCCH are discussed.
3.1 Frequency division multiplexing
As a straightforward solution, sPUCCHs with different sTTI length can be configured on different frequency bandwidths, i.e. different PRBs. For 2-symbol sPUCCH, if intra-sTTI frequency hopping is not adopted, it is better that 2-symbol sPUCCH is placed in inner location of bandwidth, which could leave symmetric bands for intra-sTTI frequency hopping of 1-slot sPUCCH. An example of sPUCCH resource mapping is shown in Figure 1, where 2-symbol sPUCCH is next to 1-slot sPUCCH, and 1-slot sPUCCH is adjacent to 1 ms PUCCH. 

The above mentioned methods apply to the sPUCCH multiplexing in the same symbols. Different sPUCCH could also be multiplexed in different symbols.
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Figure 1.  Example of sPUCCH resource mapping

3.2 Code division multiplexing
Comparing with the above solution, there is also another way that sPUCCHs with different lengths can be placed on the same frequency resource but multiplexed by CDM, e.g. using different cyclic shifts of the same sequence, which is beneficial to reduce the overhead and waste of control channels. In the following, we proposed code division multiplexing between 2-OS sPUCCH, 1-slot sPUCCH and PUCCH.
3.2.1 Multiplexing between 2OS and 7OS sPUCCHs

Two 1-slot sPUCCH structures with frequency hopping and one 2-OS sPUCCH structure without frequency hopping are proposed in [2] and recaptured in Figure 2 and Figure 3. The main difference of the two 1-slot sPUCCH structures is the hopping pattern, which is at boundary of #3 and #4 OS in Figure 2 (a), or at boundary of #2 and #3 OS in Figure 2 (b).
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Figure 2. 1-slot sPUCCH structure with intra-TTI frequency hopping
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Figure 3. 2-OS sPUCCH structure without intra-TTI frequency hopping
In order to obtain an efficient of multiplexing between 2-OS and 1-slot sPUCCH, the 2-OS sPUCCH should not cross the boundary of 1-slot sPUCCH hopping. Thus, from the aspect of multiplexing efficiency, 1-slot sPUCCH structures (a) is tended to be supported. However, when SRS is configured on the #6 OS, the performance of 1-slot sPUCCH structures (a) is worse than that of structures (b) since the residual symbols of structures (b) in each PRB is equal. Overall, the performance loss of structures (a) with SRS and multiplexing efficiency need to further evaluate and study.
Observation 1: For 1-slot sPUCCH,
-
The hopping pattern {4, 3} is beneficial in terms of multiplexing efficiency with 2OS sPUCCH; 
-
The hopping pattern {3, 4} is beneficial in terms of performance when the last symbol is configured as SRS when hopping is applied.
3.2.2 Multiplexing between PUCCH and sPUCCH

In legacy LTE, PUCCH format 1/1a/1b and format 2/2a/2b can be multiplexed on mixed RB by cyclic shift division. In sTTI, similar scheme can be considered between PUCCH format 1/1a/1b and sPUCCH, which also need to further study.
Proposal 2: It should be considered that some formats of sPUCCH can be multiplexed on legacy PUCCH region.
Based on above discussions, we propose that FDM and CDM can be used for multiplexing of 2OS sPUCCH, 7OS sPUCCH and legacy 1ms PUCCH.
Proposal 3: In the same symbol, 2OS sPUCCH, 7OS sPUCCH and 1ms PUCCH can be frequency division multiplexed or code division multiplexed.
4 sPUCCH resource indication
Currently, PUCCH is mapped based on parameter
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. There are two types of indication methods: One is implicit indication by CCE index and resource offset configured by higher layers, which is applied for small payload size. The other is explicit indication by ARI (A/N resource indication) in DCI to select one of the available PUCCH resources configured by RRC signaling, which is mainly for large payload size. This method is used for PUCCH format 3/4/5, where the TPC field in the DCI format of the corresponding PDCCH/EPDCCH shall be used to determine one of the four PUCCH resources configured by higher layers. Accordingly, there are two options for sPUCCH resource indication:
· Option 1: The sPUCCH resource is indicated by ARI to select one of available resources configured by RRC signaling.
· Option 2: The sPUCCH resource is calculated based on sCCE index and resource offset which is configured by RRC signaling;

Option 1 is an explicit mapping which is similar to PUCCH format 3, format 4, format 5. On the contrary, option 2 is one kind of implicit mapping and related to sCCE index. For large payload size, just as before, option 1 can be reused for sPUCCH. For small payload such as 1 or 2 bits, both option 1 and option 2 could work if the PUCCH resources and sPUCCH resources are separated. if PUCCH resources and sPUCCH can be multiplexed into the same resources (PRB and code resources), how to differentiate sPUCCH resource and PUCCH resource may need more study for option 2.Therefore,  considering the flexibility and reduction of standardization effort, option 1, i.e., explicit indication seems enough for both of small and large payload UCI.
Proposal 4: For sTTI, one of multiple sPUCCH resources configured by higher layer is indicated by ARI (A/N resource indication) in sDCI for ACK/NACK feedback.
5 Conclusions
Based on the above discussion, we have the following observation and proposals:
Observation 1: For 1-slot sPUCCH,

-
The hopping pattern {4, 3} is beneficial in terms of multiplexing efficiency with 2OS sPUCCH; 
-
The hopping pattern {3, 4} is beneficial in terms of performance when the last symbol is configured as SRS when hopping is applied.

Proposal 1: sPUCCH regions are allocated to the edges of UL system bandwidth, which is adjacent to the legacy 1ms PUCCH region.
Proposal 2: It should be considered that some formats of sPUCCH can be multiplexed on legacy PUCCH region.

Proposal 3: In the same symbol, 2OS sPUCCH, 7OS sPUCCH and 1ms PUCCH can be frequency division multiplexed or code division multiplexed.
Proposal 4: For sTTI, one of multiple sPUCCH resources configured by higher layer is indicated by ARI (A/N resource indication) in sDCI for ACK/NACK feedback.
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