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1 Introduction
In RAN1 #88 and RAN1 #89 meetings, the following agreements and working assumption on shortened PUCCH (sPUCCH) are achieved [1][2]. 
Agreement
· Intra-sTTI frequency hopping is supported for at least one slot-based sPUCCH format 

· No intra-sTTI frequency hopping is supported for at least one slot-based sPUCCH format 

· No dynamic switch between intra-sTTI frequency hopping and no intra-sTTI frequency hopping for the same slot-based sPUCCH format 

· FFS: whether the same slot-based sPUCCH format can support both intra-sTTI frequency hopping and no intra-sTTI frequency hopping . 
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.
However, until now RAN1 has few discussions on sPUCCH resource indication and the multiplexing method among different TTI lengths. In this contribution, we will present our views on these aspects.    
2 sPUCCH resource management
In RAN1 #89 meeting, it was agreed that the cyclic shift randomization of sequence-based sPUCCH is re-used from 1 ms operation to support multiplexing with legacy PUCCH. In our view, the legacy PUCCH mentioned here refers to legacy PUCCH Format 1/1a/1b, but not PUCCH Format 2/2a/2b. Because it is agreed that the sTTI design is not optimized for N_PRB <= 10. However, the multiplexing of legacy PUCCH Format 1/1a/1b and PUCCH Format 2/2a/2b in a mixed RB is usually limited in case of small system bandwidth. 
To support the multiplexing between sequence-based sPUCCH and legacy PUCCH Format 1/1a/1b, we give our considerations on sPUCCH resource indication and the mapping rules from sPUCCH resource to PRB index and cyclic shift index. 
2.1 sPUCCH resource indication

In LTE, only one PUCCH resource is required for PUCCH Format 1/1a/1b on each antenna. For sequence-based sPUCCH, two or four sPUCCH resources are needed for 1/2-bit ACK/NACK transmission. Following are three alternatives could be considered for sPUCCH resource indication. 

· Alt.1: UE shall use resource 
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, the rest can be implicitly indicated by 
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· Alt.2: Besides CCE index and the resource offset configured by higher layers, additional HARQ-ACK resource offset (ARO) in DCI is used. For example, the possible values of ARO are 0, -1, -2 and 2 for 2-bit ARO. For the antenna port p, 
[image: image4.wmf](1,)

sPUCCH,0

=

p

sCCEsPUCCH

nnNARO

++

�

 , the other resources can be implicitly indicated by 
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· Alt.3: A fixed number of resource values can be first configured by higher layers. And the specific resource value(s) are further determined by HARQ-ACK resource indication (ARI) in DCI.  For example, 2-bit ARI can be used to choose one group from the four sPUCCH resource groups configured by RRC. For two antenna ports, the ARI maps to two sPUCCH resource groups with the first group for the antenna port p0 and the second group for the antenna port p1. 
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Figure 1 (s)PUCCHs multiplexing with different TTI lengths 
In Figure 1, (s)PUCCHs multiplexing with different TTI lengths is shown. As depicted, HARQ-ACKs corresponding to 1ms PDSCH transmitted in sub-frame #n, 7-symbol sPDSCH in sub-frame (n+2) and 2-symbol sPDSCH in sub-frame (n+3) need to feedback in UL sub-frame (n+4). 
To ensure the multiplexing of different TTI lengths from different UEs in the same PRB, the latter sPUCCH should avoid the collision with the former (s)PUCCH. Therefore Alt.1 with semi-dynamic indication may not always work. For Alt2, the indication method would be either inflexible if only one sPUCCH resource is indicated by ARO or cause a high DCI overhead if all resources are indicated by ARO. However, Alt3 offers a flexible way to indicate all sPUCCH resources to the UE together by defining several sPUCCH resource groups. Each sPUCCH resource group may contain two or four sPUCCH resources. 
Proposal 1: For sequence-based sPUCCH, eNB uses 2bits in DCI to indicate one of the four sPUCCH resource groups configured by RRC. 
2.2 sPUCCH resource mapping to ACK/NACK
For 2/3-OS sequence-based sPUCCH Format 1a (1-bit), two sPUCCH resources (
[image: image7.wmf](1,)

2OS-sPUCCH,0

p

n

�

,
[image: image8.wmf](1,)

2OS-sPUCCH,1

p

n

�

) shall be allocated to a UE for the antenna port 
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) are allocated to a UE. 
Regarding to the mapping rule from sPUCCH resources to the ACK/NACK transmission, there may be two ways here. 
Option 1: ACK/NACK information maps to different PUCCH resources. 
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Figure 2 PUCCH resource mapping based on Option 1
An example is shown in Figure 2 to elaborate the mapping progress for 2-OS sPUCCH Format 1a. In Figure 2, if 1-bit ACK is to be transmitted, the UE shall use the cyclic shift 
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. If 1-bit NACK is to be transmitted, the UE shall use the cyclic shift 
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Option 2: ACK/NACK information maps to different combinations of PUCCH resources. 

An example is shown in Figure 3 for 3-OS sPUCCH Format 1a. In Figure 3, if 1-bit ACK is to be transmitted, the UE shall use the cyclic shift 
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Figure 3 PUCCH resource mapping based on Option 2

For both Option 1 and Option 2, the ACK/NACK information all maps to different cyclic shifts at the end. And it is expected that Option 1 and Option 2 have a similar performance. But in most cases, Option 1 only uses one PUCCH resource, i.e. the resource for ACK, since UE would send ACK most probably. This may be detrimental for interference randomization. Therefore, we slightly prefer Option 2 for PUCCH resource mapping to ACK/NACK. 
Proposal 2: For sequence based sPUCCH, ACK/NACK information maps to different combinations of PUCCH resources.  
Based on the allocated sPUCCH resources, the UE can further determine the sPRB index and cyclic shift used on each symbol.  In the following sections, the equations used are all derived from the legacy PUCCH operation.  
2.3 sPRB index determination 

For 2/3-OS sequence-based sPUCCH format 1a/1b, the sPRBs to be used for transmission of sPUCCH in frequency hopping part nsl are given by 
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in which, nsl is the index of each frequency hopping part. 
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 is the number of sPRBs in UL system bandwidth. The variable m is given by (2) which is similar as the determination of non-mixed RB for PUCCH Format 1/1a/1b,
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Where c = 3 for normal cyclic prefix. The variable 
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 denotes the bandwidth in terms of resource blocks that are available for the use by PUCCH formats 2/2a/2b transmission in each slot. The variable 
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 denotes the number of cyclic shift used for PUCCH formats 1/1a/1b in a resource block used for a mix of formats 1/1a/1b and 2/2a/2b. 
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 are all provided by higher layer.  Note that since sPUCCH format 1/1a/1b is not expected to be multiplexed with legacy PUCCH Format 2/2a/2b in the mixed RB,
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The sPRBs to be used for transmission of 7-OS sPUCCH format 1a/1b in frequency hopping part nsl can also be determined by equation (1) and (2) by replacing  
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As discussed in our contribution [3], the PRB index derived by the two or four sPUCCH resources could be the same.  
2.4 Cyclic shift index determination 
The resource indices within the two resource blocks in the two hopping parts in a 2/3-OS sTTI to which the sPUCCH is mapped are given by 
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for 
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for 
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Then, the cyclic shift on symbol l is given by
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where 
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 is the cyclic shift used on symbol l. Note that although equation (7) gives the OCC index calculation method, the 2/3-OS UE shall only use the index in equation (5), but not use the OCC in practice, i.e., the OCC is always taken as [1,1] or [1,1,1] . The symbol index of sTTI 
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The cyclic shift to be used for transmission of 7-OS sPUCCH format 1a/1b can also be determined by equation (3)~(7) by replacing  
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. The difference is there is only one resource value allocated for the 7-OS sPUCCH. 
2.5 Collision avoidance between different lengths of (s)PUCCH
In Table 1, we give an example of cyclic shift and OCC mapping for legacy PUCCH 1a/1b assuming the offset 
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 should be satisfied to avoid the collision based on the mapping rule shown in Table 1. 
Similar to the case of the multiplexing between 7-OS sPUCCH Format 1a/1b and 1ms PUCCH Format 1a/1b, 
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. Further, if both 2/3-OS sPUCCH Format 1a/1b and 7-OS sPUCCH Format 1a/1b are multiplexed with 1ms PUCCH Format 1a/1b on the same symbol in the same RB, it also needs to satisfy that 
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Table 1 Cyclic shift and OCC mapping for legacy PUCCH 1a/1b 
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The specification changes compared to legacy PUCCH format 1/1a/1b are summarized as below (at least for 2OS sPUCCH of up to 2 information bits): 

· With sequence-based sPUCCH, 2 or 4 resource indices (rather than just one for PUCCH) are consumed for one sPUCCH transmission.  

· In the sPRB index determination, the equation to calculate the variable m uses the divisor 
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 (due to OCC-based multiplexing is no longer available); and the equation to calculate hopped sPRB index is per index of nsl, instead of per slot index. 

· sPUCCH is not supported in the mixed RB that is available for both PUCCH formats 1/1a/1b and 2/2a/2b.

· The OCC index 
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 becomes an intermediate variable in calculation of cyclic shift. No symbol-level OCC (or equivalently the fixed OCC [1 1] or [1 1 1]) is applied to sPUCCH. 
3 Conclusion

This contribution provides the following observations and proposal:
Proposal 1: For sequence-based sPUCCH, eNB uses 2bits in DCI to indicate one of the four sPUCCH resource groups configured by RRC. 
Proposal 2: For sequence based sPUCCH, ACK/NACK information maps to different combinations of PUCCH resources.  
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