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1 Introduction

At meeting RAN1#61bis, the following way forward [1] was agreed for Un PUCCH:
· In case of Un PDSCH assigned by R-PDCCH, the PUCCH resource for corresponding ACK/NAK on Un is semi-statically configured by higher layers on a RN specific basis

· The Un PUCCH resource for SR or CSI is semi-statically configured by higher layers on a RN specific basis
Moreover, according to the agreements on relay UL timing [2], Rel-8 PUCCH processing schemes can be reused for all timing cases except for the UL timing modified case 4 which may puncture the last SC-FDMA symbol of the Un UL subframe. However, some details still need further study such as Un PUCCH resource allocation and the exact processing schemes for the UL timing of modified case 4. In this contribution, we further discuss these related issues so that the Un PUCCH design can be finalized.
2 Un PUCCH Resource Allocation for Formats 1/1a/1b
For Rel-8 UE, the PUCCH resource is allocated for semi-static CQI/PMI/RI, semi-static ACK/NAK/SR and dynamic ACK/NAK with resource index 
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 for formats 2/2a/2b and formats 1/1a/1b respectively. For dynamic ACK/NAK, resource index 
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is the boundary index between semi-static and dynamic ACK/NAK resource and 
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is the minimum CCE index of the corresponding PDCCH. Futhermore, 
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 is semi-statically assigned by higher layers. 
For formats 2/2a/2b, Un PUCCH can share the same semi-static region with PUCCH if a minor change on the coding scheme is adopted, as described in the next section. For formats 1/1a/1b however, the different length of OC sequence will cause interference between shortened and normal PUCCH.
When considering formats 1/1a/1b resource allocation for both Un PUCCH and PUCCH, the following three possible alternatives may be used.
Alt1: Separate RB resource for Un PUCCH following the dynamic PUCCH resource (as shown in Fig. 1).
Even though the Un PUCCH resource is semi-statically allocated, ACK/NAK feedback may not be present in every Un UL subframe. This implies that resources semi-statically reserved for RN in Uu subframes may be wasted if it is allocated within the semi-static region reserved for UEs. Thus, the semi-static resources can be allocated following the dynamic PUCCH region and in Uu subframes these resource can be released. There is no loss of orthogonality between regular PUCCH and Un PUCCH, even with one symbol punctured. 
However, Alt1 sometimes requires the eNB to limit the scheduling of UEs in Un subframes if dynamic PUCCH region is not maximally reserved. In TDD system, Alt1 also restricts UE scheduling in Uu subframes because it is possible to have ACK/NAK in the same UL subframe for both Un PDSCH and PDSCH, but corresponding to different DL scheduling instances (subframes). 
Pros: 
· Semi-static format 1/1a/1b resource for RN only needs to be allocated in Un subframes.

· No impact on UEs resulting from the last SC-FDMA punctured because of the separate RB resource allocation.
Cons: 
· Possible scheduling restrictions for UEs because of the limited dynamic PUCCH resource allocation.
· Possible resource waste resulted from the resource allocation gap between 
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  and boundary of semi-static format 1/1a/1b of Un PUCCH.
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Fig. 1 Separate resource for Un PUCCH following the dynamic PUCCH resource
Alt2: Separate RB resource for Un PUCCH within the semi-static region reserved for UEs (as shown in Fig. 2).
To alleviate the cons of Alt1, Alt 2 proposes to allocate a separate semi-static Un PUCCH RB resource within the whole semi-static resource region reserved for UEs (bounded by
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). However, Alt 2 may cause resource wastage in the Uu subframes by enlarging the semi-static region. This problem can simply be solved by configuring these Un UL subframes to be cell-specific SRS subframes.
Pros:

· No scheduling restriction on UEs

· No loss of orthogonality, even if the last symbol is punctured because different RB allocation.
Cons: 

· Resource waste in Uu subframes because of the larger semi-static resource region.
· Resource waste in Un subframe resulting from separate RB allocation.
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Fig. 2 Separate resource for Un PUCCH within the semi-static region reserved for UEs 
Alt3: Share the semi-static resource reserved for UEs (as shown in Fig. 3).
With Alt 3, the RNs are treated as UEs and share the same semi-static resource reserved for UEs. However, resource is lost when some RNs with last SC-FDMA symbol punctured are jointly scheduled with regular UEs or RNs that do not puncture the last symbol. This problem can simply be solved by configuring these Un UL subframes to be cell-specific SRS subframes, but the last symbols of UE on PUSCH and PUCCH may be wasted.
Pros:

· Simple implementation.

· No scheduling restriction on UEs.
Cons: 

· Possible format 1/1a/1b/ resource orthogonality loss between Un PUCCH and PUCCH or resource waste of UE on PUSCH and PUCCH in UL timing modified case 4.
· Resource waste in the Uu subframes because of the larger semi-static resource region.
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Fig. 3 Share the semi-static resource reserved for UEs
Based on pros and cons of all three alternatives and the principle of maximally reusing Rel-8 processing, Alt 2 &3 can be selected e.g. Alt2 can be used for UL timing modified case 4 while Alt 3 can be used for all other timing cases in [2]. 
3 Un PUCCH Design for UL Timing Modified Case 4 for Formats 2/2a/2b
The previous section describes how to handle PUCCH formats 1/1a/1b with UL timing modified case 4 which has the last SC-FDMA symbol of the Un UL subframe punctured. In this section the Un PUCCH design for formats 2/2a/2b with a symbol punctured is discussed.

For Un PUCCH format 2/2a/2b, only 13 SC-FDMA symbols can be used for transmission. In [3], for simultaneous transmission of SRS and CQI on the PUCCH, shortened PUCCH format 2 should be supported in LTE-A which is similar with Un PUCCH format 2/2a/2b in UL timing modified case 4. A simple way to achieve this is to puncture two coded bits. Thus, we propose to use (18, A) R-M coding for CQI/PMI/RI information bits which can be derived by puncturing two rows of Rel-8 (20, A) R-M coding table.
Based on the discussion above, we propose the following:
Proposal: For formats 2/2a/2b the resource can be always multiplexed with PUCCH, with (18, A) R-M coding used for Un PUCCH when the last symbol is punctured for UL timing modified case 4.
4 Conclusions
As a consequence of the above discussion, we propose the following:

· For ACK/NAK with formats 1/1a/1b, Alt2 is used for UL timing modified case 4 while Alt 3 is used for all other timing cases.
· For formats 2/2a/2b the resource can be always multiplexed with PUCCH, with (18, A) R-M coding used for Un PUCCH when the last symbol is punctured for UL timing modified case 4.
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