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1 Introduction

In RAN1#90 meeting, following agreements related to sPUCCH have been achieved
Agreement:
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 sPUCCH resource

· NOTE: sPUCCH resource consist of RB index and cyclic shift

· 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

· Hopping pattern for 3-OS sPUCCH (i.e., sTTI#0 and sTTI#5) is {1|2} where | is a hopping boundary.
Agreement:
· One of four sPUCCH resources configured by higher layer is indicated by a 2-bit field in sDCI1 at least for the following sPUCCH formats, 

· 2/3-OS sPUCCH format(s) carrying more than 2 bits ACK/NACK + SR (if any) 

· 7-OS sPUCCH format(s) carrying more than 2 bits ACK/NACK + SR (if any) 

· 7-OS sPUCCH format carrying up to 2 bits ACK/NACK
Agreement:

· For PF4-based 7-symbol sPUCCH

· Hopping is supported

· {D R D | D D R D} for the first slot, {D R D D | D R D} for the second slot

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. 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. 
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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

In RAN1 #89 meeting, it was agreed that frequency hopping for small payload size 7-symbol sPUCCH is supported and the hopping pattern is {3, 4, 4, 3} as shown in introduction. Moreover, comparing with the 2OS sPUCCH patterns, i.e., {3, 2, 2, 2, 2, 3},  we can see that the 2-OS sPUCCH are not cross the boundary of 1-slot sPUCCH hopping, which is beneficial in terms of multiplexing efficiency.
For sequence-based 2/3OS sPUCCH and PF1a/1b-based 7-OS sPUCCH format with/without frequency hopping, one of multiple sPUCCH resources configured by higher layer is indicated by ARI in sDCI for ACK/NACK feedback. Therefore, it is easy for eNB to operate multiplexing between these two formats via configuring different CSs.
3.2.2 Multiplexing between PUCCH and sPUCCH

Sequence-based 2/3OS sPUCCH and PF 1a/1b-based 7-OS sPUCCH carrying up to 2 bits ACK/NACK and SR with frequency hopping are supported, which can be multiplexed with 1ms PUCCH format 2/2a/2b under some condition as following:
· Sequence-based 2/3OS sPUCCH can be multiplexed with 1ms PUCCH format 2 in the same RB, but should not be multiplexed with 1ms PUCCH PF 1/1a/1b.
· PF 1a/1b-based 7-OS sPUCCH with FH can be multiplexed with 1ms PUCCH format 2 in the same RB, but should not be multiplexed with 1ms PUCCH PF 1/1a/1b; PF 1a/1b-based 7-OS sPUCCH without FH can be multiplexed with 1ms PUCCH format 1/1a/1b/2 in the same RB by CS and/or OCC. 
In current LTE, PUCCH resource is implicitly indicated according to CCE index of DCI for PF1/1a/1b, and explicitly configured by higher layer for PF 2. Moreover, the sPUCCH resource is also configured by higher layer for both of sequence-based 2/3OS sPUCCH and PF1a/1b-based 7-OS sPUCCH with/without frequency hopping. Therefore, it is easy for eNB to operate the multiplexing between 1ms PUCCH PF 2 and PF1a/1b-based 7-OS sPUCCH via configuring different CSs.
Proposal 2: Sequence-based 2/3-OS sPUCCH and PF 1a/1b-based 7-OS sPUCCH with FH can be multiplexed with 1ms PUCCH format 1/1a/1b/2 as following:
· Sequence-based 2/3-OS sPUCCH can be multiplexed with 1ms PUCCH format 2 in the same RB, and cannot be multiplexed with 1ms PUCCH PF 1/1a/1b.

· PF 1a/1b-based 7-OS sPUCCH with FH can be multiplexed with 1ms PUCCH format 2 in the same RB, but should not be multiplexed with 1ms PUCCH PF 1/1a/1b; PF 1a/1b-based 7-OS sPUCCH without FH can be multiplexed with 1ms PUCCH format 1/1a/1b/2 in the same RB by CS and/or OCC. 

4 sPUCCH resource mapping 

As the PUCCH in current LTE, sPUCCH is also mapped based on parameter
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, which indicates two sPUCCH resources for 1 bit ACK/NACK or four resources for 2 bits ACK/NACK. Since both of 2/3-OS sPUCCH and 1-slot sPUCCH without frequency hopping is distinguished by different cyclic shifts and PRBs, the resource mapping scheme could be unified for these two sPUCCH. 
4.1 Mapping to physical resources
For describing simplicity, we introduce the frequency hopping sets, where each symbol belongs to one of the following frequency hopping sets.

· Frequency hopping set 0 (
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For 2/3-OS sPUCCH, 
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; for 1-slot sPUCCH, 
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 is the index of symbol in each slot.

· Frequency hopping set 1 (
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The other symbols belong to set 1.

Considering the different frequency hopping schemes of 2/3-OS and 1-slot sPUCCH, the PRB(s) to be used for transmission of PUCCH in symbol 
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where 
[image: image19.wmf](1)RB

sPUCCHsc

mnN

êú

=

ëû

 for the sPUCCHs carrying up to 2 bits ACK/NACK, and
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 for the sPUCCHs carrying more than 2 bits.

4.2 Cyclic shift determination
Reusing the PUCCH format 2/2a/2b resource determination scheme, i.e., identified by the resource index
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where
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and
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5 Conclusions
Based on the above discussion, we have the following observation and proposals:
Proposal 1: sPUCCH regions are allocated to the edges of UL system bandwidth, which is adjacent to the legacy 1ms PUCCH region.
Proposal 2: Sequence-based 2/3-OS sPUCCH and PF 1a/1b-based 7-OS sPUCCH with FH can be multiplexed with 1ms PUCCH format 1/1a/1b/2 as following:
· Sequence-based 2/3-OS sPUCCH can be multiplexed with 1ms PUCCH format 2 in the same RB, and cannot be multiplexed with 1ms PUCCH PF 1/1a/1b.

· PF 1a/1b-based 7-OS sPUCCH with FH can be multiplexed with 1ms PUCCH format 2 in the same RB, but should not be multiplexed with 1ms PUCCH PF 1/1a/1b; PF 1a/1b-based 7-OS sPUCCH without FH can be multiplexed with 1ms PUCCH format 1/1a/1b/2 in the same RB by CS and/or OCC.  
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