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1 Introduction
For resource indexing of PUCCH format 3, there is a common understanding on calculating the indices of PRB, CS and OC based on an assigned A/N resource index. The detailed resource indexing scheme was discussed during RAN1 #62bis meeting [2-4]. However, no agreement was achieved.

The problem of resource indexing for PUCCH format 3 is the main focus of this contribution. Besides, a minor clarification is also made for simultaneous transmission of SRI and A/N.
2 Resource indexing of PUCCH format 3
For PUCCH format 3, a UE needs to know the indices of PRB, CS and OC used for transmission. Similar to Rel-8 PUCCH formats, these indices could be calculated from the assigned resource index 
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 of PUCCH format 3. During RAN1 #62bis meeting, no orthogonal cover on DMRS is agreed [1]. So the indices needed to be calculated from 
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include the PRB index 
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, the CS index of DMRS part 
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For resource allocation of PUCCH format 3, multiple resources could be configured to a UE through RRC signalling. ARI in PDCCH could further indicate one of the configured resources for A/N transmission. Neither PUCCH format 1/1a/1b nor PUCCH format 2/2a/2b could coexist with PUCCH format 3 in a same PRB. Separate PRBs will be required to be reserved for PUCCH format 3.
A first issue is whether to signal a 
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 to indicate the starting PRB index of these separate PRBs. In our understanding, PUCCH format 3 could share a same starting PRB index with PUCCH format 2 since resources of both formats are configured through RRC signalling. This means 
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 is fixed to be zero and is not necessarily to be signalled. Since 
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 is under the control of eNodeB, it could be left for eNodeB implementation to choose PRB(s) out of the 
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 PRBs for PUCCH format 3 transmission, as illustrated in Fig. 1.
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Figure 1 PRB mapping of PUCCH resources.
Proposal 1: 
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 is not necessarily to be signalled and could be fixed to be zero. 
In the following discussion, it is assumed that 
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The PRB index 
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to be used for transmission of PUCCH format 3 in slot 
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could be determined as
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As discussed in [2-4], 
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 could be determined by the multiplexing capacity of PUCCH format 3, i.e. either SF length in first slot 
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or SF length in second slot 
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 is 5 for both normal sub-frames and SRS sub-frames. 
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 is 5 and 4 for normal sub-frames and SRS sub-frames, respectively. It could be seen that
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 is different between normal sub-frames and SRS sub-frames. For a given 
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, the mapped
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may be different between normal sub-frames and SRS sub-frames when 
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is given by 
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. This is generally not preferred for eNodeB implementation. The problem could be avoided by 
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Another possible way for determining 
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is to reuse the same way as for PUCCH format 2, where 
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 is determined by
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 which is fixed to be 12. There will be a uniform resource numbering for both PUCCH format 3 and PUCCH format 2. The uniform resource numbering may be beneficial for PUCCH resource management at eNodeB. The CS separation of different UEs will be determined by
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, which is UE specific and is totally under eNodeB control. This implies that a UE specific CS separation may be implemented for PUCCH format 3, similar to that of PUCCH format 2. For extended CP with a typical deltaPUCCH-Shift configuration of 3, the multiplexing capacity is 4 with a cell specific CS separation of 3. However, a CS separation of 3 is not needed for UEs at cell center. With a UE specific CS separation, the multiplexing capacity could be increased to be 5. The UE specific CS separation is hard to be implemented when 
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is  determined by either 
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Considering the benefit of a uniform resource numbering and a UE specific CS separation, it is proposed that:

Proposal 2: 
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 is determined by 
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When 
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 is determined by
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, the CS index of DMRS part 
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 could be given in a same way as for PUCCH format 2. Note that resource of PUCCH format 3 is located within 
[image: image41.wmf])

2

(

RB

N

 PRBs and is not able to be mapped on the mixed PUCCH PRB. So 
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 could be simply determined as 
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For the OC index of data part 
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, it could be determined based on 
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. Considering that the SF length in second slot is different between normal sub-frames and SRS sub-frames, it is preferred to use the SF length in first slot to determine 
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 in both slots. A simple example is 
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Proposal 3: 
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3 Simultaneous transmission of SRI and ACK/NACK
For the simultaneous transmission of SRI and ACK/NACK for PUCCH format 3, it was agreed that positive/negative SR is indicated in an SR occasion by appending an extra information bit at the end of ACK/NACK information bits [1]. It was also agreed that Rel-8 PUCCH 1a/1b resource is used if no PDCCH corresponding to PDSCH on Scells is received, and PDSCH is received on the Pcell [1]. When Rel-8 PUCCH format 1a/1b resource is used, there will be no PUCCH format 3 resources available at the UE side. In this case, it is straightforward to reuse Rel-8 scheme for simultaneous transmission of SRI and ACK/NACK, i.e. A/N will be transmitted on SRI channel in case of a positive SR. Hence it is clarified that:
Proposal 4: When receiving at least one PDCCH corresponding to PDSCH on Scell, positive/negative SR is jointly encoded with A/N and transmitted with PUCCH format 3. When receiving PDSCH on Pcell, A/N is transmitted on SRI channel according to Rel-8 scheme in case of a positive SR.
4 Conclusion
The detailed resource indexing of PUCCH format 3 is discussed in this contribution. Based on the discussion, it is proposed that:

· 
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 is not necessarily to be signalled and could be fixed to be zero.
· 
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For the simultaneous transmission of SRI and A/N for PUCCH format 3, it is further clarified that:

· When receiving at least one PDCCH corresponding to PDSCH on Scell, positive/negative SR is jointly encoded with A/N and transmitted with PUCCH format 3. When receiving PDSCH on Pcell, A/N is transmitted on SRI channel according to Rel-8 scheme in case of a positive SR.
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