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Discussion
1 Introduction
At RAN1 meeting # 62bis, a number of proposals for resource indexing and resource block allocation were discussed but no agreement was reached [1]-[5].
In this contribution, we discuss our view on resource indexing together with other open design issues concerning PUCCH format 3.
2 Discussion
2.1 RB Allocation
Given that PUCCH Format 3 has a different structure from both PUCCH formats 1 & 2, a separate set of resource blocks shall be dedicated for PUCCH Format 3 transmissions. Figure 1 shows some possible configurations for different PUCCH Formats for Rel-10 [2-5].
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Figure 1: PUCCH Resource Block Allocation in Rel-10
In the following we closely examine different options:

· Option A: PUCCH Format 3 resources are placed at the end of legacy PUCCH region [5]. Clearly this type of allocation leads to collisions between PUCCH Format 3 resources and PUCCH Format 1a/1b resources given that the actual PUCCH Format 1a/1b size dynamically changes based on the number of CCEs in the downlink control channel while PUCCH Format 3 resources are configured semi-statically. The only way to avoid collisions under this configuration is to dimension the dynamic PUCCH Format 1a/1b region according to the maximum number of CCEs regardless of the actual number of symbols allocated for downlink control transmissions in a given subframe. However, this would lead to an underutilization of reserved resources.
· Option B: PUCCH Format 3 resources are allocated between static and dynamic PUCCH Format 1/1a/1b resources [2]. This approach alleviates the collision issue among the resources described above given that PUCCH Format 3 resources are placed after the static PUCCH region. However, due to the segmentation of PUCCH Format 1/1a/1b resources, the problem of underutilization of reserved resources still persists. In fact, according to Rel-8, the splitting of PUCCH format 1/1a/1b resources into static and dynamic parts is accomplished by using a higher-layer parameter 
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. Taking into account that in most scenarios this parameter doesn’t necessarily result in an integer number of RBs, to enable such a configuration the static PUCCH format 1/1a/1b resources need to be over-dimensioned to achieve an integer number of RBs. 

· Option C: PUCCH Format 3 resources are inserted between the mixed RB and PUCCH Format 1/1a/1b region. Obviously, this option doesn’t suffer from any of the aforementioned problems. However, the higher-layer configured parameter
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is needed to account for PUCCH Format 3 resources. In addition, the scheduler should avoid any collision between PUCCH Format 1 and PUCCH Format 3 resources by proper resource allocation.
· Option D: PUCCH Format 3 resources are inserted between PUCCH Format 1/1a/1b region and the mixed RB. Similar to Option C, this approach doesn’t suffer from the shortcomings of Options A & B. But this time, the higher-layer configured parameter 
[image: image4.wmf])

2

(

RB

N

is needed to account for PUCCH Format 3 resources. Besides, the collision between PUCCH Format 2/2a/2b and PUCCH Format 3 should be handled through proper resource allocation.
· Option E: PUCCH Format 3 is located at the outermost resource blocks of the PUCCH region. Similar to Option D, this scheme needs that the higher-layer configured parameter 
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to account for PUCCH Format 3 resources. However, compared to previously described alternatives, this type of configuration doesn’t need a higher layer parameter to indicate the first RB used for PUCCH Format 3, which in turn, implies a lower higher layer signalling overhead.
In addition, as a by-product of mapping PUCCH Format 3 on the outer RBs of the configured PUCCH region, the frequency diversity achieved through frequency hopping may be maximized. It is worth noting that this gain may not be substantial as long as the allocated bandwidth for control signalling is small; however in the case of large system bandwidths such as 20 MHz wherein the typical number of RBs allocated for PUCCH transmissions is about 16 RBs, one could expect slight improvements in the link budget of PUCCH Format 3 compared to the case where the inner PUCCH region is used for PUCCH Format 3 allocations. Therefore, we believe this approach may help to address the stringent coverage requirements for HARQ ACK/NACK especially for high payload sizes.
Proposal 1: The outermost RBs of the configured PUCCH region are used for PUCCH Format 3.
2.2 RB indexing
Assuming that PUCCH Format 3 is mapped to the outermost RBs of PUCCH region, the PUCCH Format 3 PRB index can be derived according to:
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where  
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and 
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 is the length of the orthogonal time-domain spreading sequence for slot 0. 

From a system perspective, the PUCCH Format 2/2a/2b resources need to be over-dimensioned to account for the PUCCH Format 3 resources. Also note that, according to Rel-8 specification, the number of RBs allocated for PUCCH Format 2/2a/2b,
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, could potentially vary from 0 to 98. In light of the above, we do not see a need to extend this range for Rel-10. It is also worth noting that over-dimensioning of PUCCH format 2 resources is an approach which has already been recognized in Rel-8 as a way to narrow down the active uplink system bandwidth.
Considering the potential for collision between PUCCH Format 2 and 3 resources, the scheduler can easily handle this through the use of a proper resource allocation given that both PUCCH Format 2 and Format 3 resources are assigned semi-statically. From UE perspective, this configuration is completely transparent to both Rel-8/9 UEs and the category of Rel-10 UEs that do not support PUCCH Format 3. 
We also believe that for Rel-10 UEs that support PUCCH Format 3, there is no need for the eNB to signal the number of RBs allocated for PUCCH Format 3. This will enable the scheduler to adaptively adjust the required resources for each format within the PUCCH Format 2 region without sending a new configuration message.

Proposal 2: The UE implicitly determines the starting resource block used for PUCCH Format 3. 
2.3 Resource Indexing
In addition to the PRB index, the PUCCH resource 
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 determines the orthogonal spreading sequence index as well as the cyclic shift used for reference symbols. 
We believe a unified allocation formula should be defined for the spreading code index for both slots within a subframe. The allocation formula should be applicable to both normal and shortened subframes. It is therefore proposed that the spreading sequence should be determined according to
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For the cyclic shift 
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of the demodulation reference (DM RS) signal for PUCCH Format 3, we propose the following approach:
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Note that based on the above formulation, the separation among the UEs multiplexed on the same RB can easily be increased by configuring a higher value for parameter 
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 as in Rel-8. The only difference with Rel-8 is that in Rel-8, by increasing
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, the number of UEs that can be multiplexed on the same RB will be scaled by the value of 
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, while for the case of PUCCH Format 3  only when  
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 is set to 3, the multiplexing capacity will be reduced by one. Otherwise, there is no impact on the user multiplexing capacity. An example of the above formulation for resource index assignment in a normal subframe is shown in Table 1. In this example, we assumed 
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Table 1: Resource index assignments for PUCCH Format 3 in even-numbered slots [image: image27.png]
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3 Conclusion

In this contribution, we discussed our views on the remaining design issues for PUCCH Format 3. We showed that, when it comes to PUCCH Format 3 RB allocation, the segmentation of PUCCH Format 1 or Format 2 is not an optimal approach from resource utilization perspective. We also presented a resource indexing scheme that maximizes the separation among the UEs multiplexed on the same RB. 
The following is proposed:
Proposal 1: The outermost RBs of the configured PUCCH region are used for PUCCH Format 3.
Proposal 2: The UE implicitly determines the starting resource block used for PUCCH Format 3. 

Proposal 3: RB resource index and physical resource index to be determined according to the formulations presented in this contribution.
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