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1 Introduction

In RAN1-#61bis meeting, a WF on Un PUCCH resource [1] was presented as:

· In case of Un PDSCH assigned by R-PDCCH, the PUCCH resource(s) for corresponding ACK/NAK on Un is semi-statically configured by higher layers on a RN specific basis

· The Un PUCCH resource(s) for SR or CSI is semi-statically configured by higher layers on a RN specific basis

For Rel-8 UE, the PUCCH resource of ACK/NAK, SR, CQI/PMI/RI can be configured using 
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by higher layer, which is related to PUCCH format1/1a/1b and format 2/2a/2b. Similar scheme can be adopted for LTE-A Un PUCCH resource allocation. 
Considering Un UL timing modified case 4 [2], the last SC-FDMA symbol (#13 for normal CP) in Un UL subframe cannot be transmitted when the distance between DeNB and RN is less than 6km. Some details may need to be considered regarding Un PUCCH resources allocation which will be discussed in this contribution.
2 Un PUCCH Resource Allocation

For M-UEs, the PUCCH resource index 
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should be assigned by higher layer or implicitly derived from the first CCE index for the corresponding DCI. Given the limited number of RNs in a cell, RRC message should be used to indicate Un PUCCH resources index parameters, which are semi-statically configured for RN. 

According to different Un PUCCH resource index assigned for RN, the relative frequency resources allocation between Un PUCCH and M-UE PUCCH may be different: separate or shared. 
2.1  Separate Resources for Un PUCCH and M-UE PUCCH
In [4，6，7] it was proposed that the resource of Un PUCCH should be separate from the resources for M-UE PUCCH. Since the frequency position of PUCCH resources depends on the resource index parameters 
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, reasonable value of resource index parameter should be assigned for Un PUCCH, for example some larger resource index for Un PUCCH may result in the frequency allocation of Un PUCCH far beyond M-UE PUCCH region. On the other hand, to retain more consecutive PUSCH resources, the resource of Un PUCCH and M-UE PUCCH can be carefully dimensioned, as shown in Figure 1. 
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Figure 1. Frequency position of Un PUCCH resource
In Figure 1, Un PUCCH sits between M-UE PUCCH and PUSCH, using different PRB pairs from M-UE PUCCH on Un UL subframe. Un PUCCH and M-UE PUCCH are staggered by an explicit amount. Obviously, the corresponding Un PUCCH resource index should be configured at least larger than all the available M-UE PUCCH resource indices.
2.2  Shared Resources for Un PUCCH and M-UE PUCCH

RNs and M-UE can share the same frequency region as a whole PUCCH without an explicit division between M-UE PUCCH and Un PUCCH, for example, even multiplexing in the same PRB pairs [5]. 
The resource indices 
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of M-UE CQI/PMI/RI and 
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of SR are configured by higher layers. For DeNB, assigning Un CQI/PMI/RI/SR resource to RN can be carried out as the same as to M-UE. 
For PDSCH scheduled by PDCCH, the resource index 
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for corresponding ACK/NACK PUCCH is implicitly derived by the first CCE index of PDCCH mapping, and it may change between subframes. Therefore the possible resource conflict between Un PUCCH and M-UE PUCCH needs to be avoided. Furthermore, semi-statically configuration for Un PUCCH may require some resource being reserved which would waste some resources. While the issue can be mitigated by implementation, the solution in general is not trivial.

3    Un PUCCH Multiplexing
The multiplexing of Un PUCCH has different cases. For separate Un PUCCH and M-UE PUCCH resources, we only need to consider the multiplexing between RNs. The situation is more completed when Un and M-UE share the same PUCCH resources. In addition, Un UL timing has some impact on Un PUCCH multiplexing, especially when some RNs cannot transmit symbol #13 under UL timing modified case 4. Analysis of Un PUCCH multiplexing is presented in this section with Un PUCCH resource separate from and shared with M-UE PUCCH, respectively.

3.3  Un ACK/NACK/SR Multiplexing in RNs 

When the Un PUCCH resource is separate from M-UE PUCCH resources, the issue mainly has to do with Un UL timing:
· UL Timing case 2b/modified case 2a

For case 2b/modified case 2a, Un UL subframe is complete (with 14 SC-FDMA symbols of normal CP). Therefore, regular PUCCH format 1/1a/1b should be used for RN in non-cell SRS subframe, and then ACK/NACK/SR of different RNs may be multiplexed in the same PRB Pairs. While Un UL subframe is also a cell SRS subframe, RN should using PUCCH format 1/1a/1b shorten structure in order to avoid conflict with SRS signaling.  

· UL Timing modified Case 4

For modified case 4, Un UL subframe structure depends on the distance between DeNB and RN. RNs cannot transmit symbol #13 when the distance is less than 6km where PUCCH format 1/1a/1b shorten structure should be used on Un UL subframe. At the same time, the RNs from DeNB farther than 6km (less than 15km) could transmit all the 14 symbols, either regular or shorten PUCCH format 1/1a/1b can be used.

On the Un UL subframe which is also a cell SRS subframe, all the RNs should using shorten structure and Un ACK/NACK/SR of RNs with different distance from DeNB may be multiplexed in the same PRB pairs. On the other hand, when an Un UL subframe is not a cell SRS subframe, different structures may be used by two types of RNs. And in order to keep the orthogonality of the time domain sequence 
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 in the second slot, DeNB should assign different PRB pairs for the two types of RNs as Un PUCCH resource, shown as Figure 2.
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Figure 2. Using different PRB pairs for RNs with different distance from DeNB
Another way to multiplex Un ACK/NACK/SR of the two types of RNs is to force all RNs to use shorten structure regardless it is a cell SRS subframe or not. Since all RNs keep the same shorten structure on Un ACK/NACK/SR, the time domain sequences are orthogonal and different RNs Un PUCCH resource may be assigned in the same PRB pairs. 
































































































































3.4  Un ACK/NACK/SR Multiplexing with M-UE 

For RN and M-UE share the same PUCCH frequency region, Un ACK/NACK/SR are multiplexed not only between RNs, but also between RN and M-UE. More multiplexing cases should be discussed.

· UL Timing Case 2b/modified case 2a

For case 2b/modified case 2a, RNs process Un ACK/NACK/SR completely the same as M-UE, no additional multiplexing case is introduced. While Un UL subframe is cell SRS subframe, RN using PUCCH format 1/1a/1b shorten structure.

· UL Timing modified Case 4

For modified case 4, When the Un UL subframe is a cell SRS subframe, all RNs use PUCCH format 1/1a/1b shorten structure. RNs and M-UE ACK/NACK/SR can be multiplexed within the same PRB pairs.

When the Un UL subframe is not a cell SRS subframe, we have the following multiplexing cases:

· Different RNs’ (6 to 15km) PUCCH format 1/1a/1b can be multiplexed within the same PRB pairs

· Different RNs’ (less than 6km) PUCCH format 1/1a/1b can be multiplexed within the same PRB pairs

· M-UEs and RNs (6 to15km) PUCCH format 1/1a/1b can be multiplexed within the same PRB Pairs

· M-UEs and RNs (less than 6km) PUCCH format 1/1a/1b cannot be multiplexed within the same PRB Pairs

Implementation solution:

Indicating RNs using regular PUCCH format 1/1a/1b to process ACK/NACK/SR information, and then only transmit the symbols #0~ #12. Some performance degradation of Un ACK/NACK/SR is expected.   

· PUCCH format 1/1a/1b of RNs (less than 6km) and RNs (6-15km) cannot be multiplexed within the same PRB Pairs

Implementation solution:

Indicating RNs（6-15km）using shorten structure in Un ACK/NACK/SR process.
3.5  Un CQI/PMI/RI Multiplexing 

PUCCH format 2/2a/2b has no shortened structure in Rel-8, thus M-UEs and RNs should perform the same process of CQI/PMI/RI on UL subframe. 

For case 2b/modified case 2a, RNs process Un CQI/PMI/RI completely the same as M-UE, no additional multiplexing case is introduced. 

PUCCH format 2/2a/2b does not need to go through the time domain sequence process, i.e., no orthogonality issue. So in UL modified timing case 4, RNs more 6km away from DeNB can process Un CQI/PMI/RI information as usual. And PUCCH format 2/2a/2b of those RN can also be multiplexed with that of M-UE within the same PRB pairs.

Otherwise, a shorten structure the similar as PUCCH format 1/1a/1b may be introduced into Un CQI/PMI/RI process for the RNs within 6km from DeNB, as mentioned in [5]. Alternatively, PUSCH resource can be used for Un CQI/PMI/RI.

4 Summary
In this contribution, some analysis refers to Un PUCCH resource allocation and multiplexing are presented. When RNs and M-UEs share the same PUCCH region, certain Un PUCCH resources should be reserved in order to avoid the potential collision with M-UE PUCCH. Such resource reservation may introduce certain waste of resources. We also discuss how to multiplex Un PUCCH of different RNs in Un UL timing modified case 4, as some RNs cannot propagate symbol #13. Based on these discussions, we proposed:
Proposal1: To allocate separate frequency resource for Un PUCCH, independent of that of M-UE PUCCH, at least in UL timing modified case 4  
Proposal 2: For UL modified case 4, RNs with different distances from DeNB could be configured using shortened structure for PUCCH format 1/1a/1b.
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