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1. Introduction
In this contribution, new PUCCH resource allocation according to control channel types (PDCCH, EPDCCH) and Cell ID types (Physical Cell ID(PCID), Virtual Cell ID (VCID)), and CoMP scenarios will be discussed together.
2. PUCCH Resource for EPDCCH scheduled UE

We already have dynamic/semi-static PUCCH resource determination method in case of PDCCH scheduled PDSCH. In EPDCCH scheduled PDSCH, the legacy method can also be applied to EPDCCH eCCE index linked PUCCH resource determination to some extent. However if PDCCH CCE index is the same index as EPDCCH eCCE, the linked PUCCH resource will be the same (i.e. PUCCH resource collision). Therefore even though both CCE indices are the same, the linked PUCCH resource should be different as shown in Figure 1, where shows the additional dynamic PUCCH resources for EPDCCH scheduled PDSCH, which can be configured by RRC signaling and dynamic CCE-to-AN linkage rule can be implemented in legacy manner as well.  
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Figure 1. Separate dynamic PUCCH resource for EPDCCH scheduled PDSCH

If MU-MIMO is supported in EPDCCH, the same CCE index will be shared by multiple UEs in MU-MIMO. So it is necessary to introduce indication signal or corresponding scheme to distinguish one MU-MIMO EPDCCH from another MU-MUMO EPDCCH in the same EPDCCH region. In general since each MU-MIMO EPDCCH will have individual scrambling ID or antenna port different from other MU-MIMO EPDCCH, those parameters may be used for indicating different PUCCH resources for spatial multiplexed EPDCCH CCEs under one EPDCCH CCE index.
Above-mentioned concept, i.e. separate resource reservation can be really beneficial for the following scenarios especially when DL serving cell is not the same as UL serving cell in Figure 2 and 3 (e.g. CoMP scenario 3 and 4).
Figure 2-(a) shows one Macro cell and two Pico cells (with different Physical Cell ID (PCID)) which are operating as multiple reception points (RP) for Macro UE1 and UE2’s multi-point PUCCH transmission. It is assumed in Figure 2 that Macro UE1 and UE2 are now participated in operation of cooperative multiple points receptions and use Virtual Cell ID (VCID), but UEs scheduled by legacy PDCCH use PCID for PUCCH transmission 
Figure 2-(b) and (c) shows PUCCH resource allocation method according to control channel types (i.e. PDCCH vs. EPDCCH) and Cell ID types (i.e. PCID vs. VCID). Figure 2-(b) shows one simple solution, which is to use PCID for PUCCH signal generation in case of PDCCH scheduled PDSCH, but to use VCID in case of EPDCCH scheduled PDSCH regardless of reception points. One important thing is that PUCCH resource region/PRB using VCID is dynamically shared among RPs (i.e. macro and Pico cells) by exploiting virtual cell id concept.
One consideration point is interference between macro PUCCH and Pico PUCCH region in case of overlapped each other. If it’s negligible or the level of legacy inter-cell PUCCH interference, macro PUCCH region can be reused for Pico PUCCH region as shown in Figure 2-(c), but if it’s severe level of interference (Figure 2-(b)), then non-overlapped resource allocation is rather beneficial to be allocated for macro and Pico cell PUCCH transmission.
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Figure 2-(a): PUCCH resource allocation in CoMP scenario 3 (with the different PCID)
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Figure 2-(b): PUCCH resource allocation in CoMP scenario 3 (high interference case)
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Figure 2-(c): PUCCH resource allocation in CoMP scenario 3 (low interference case)
Figure 3-(a) shows one Macro cell and two Pico cells (with different same Cell ID (PCID)) which are operating as multiple reception points (RP) for Macro UE1 and UE2’s multi-point PUCCH transmission. It is assumed in Figure 3 that Macro UE1 and UE2 are now participated in operation of cooperative multiple points receptions and use Virtual Cell ID (VCID), but UEs scheduled by legacy PDCCH use PCID for PUCCH transmission. It’s noted that all of Pico UEs are scheduled by EPDCCH. 

Figure 3-(b) shows PUCCH resource allocation method according to control channel types (i.e. PDCCH vs. EPDCCH) and Cell ID types (i.e. PCID vs. VCID). Figure 3-(b) shows a proposal, which is to use PCID for PUCCH signal generation in case of PDCCH scheduled PDSCH, but to use VCID in case of EPDCCH scheduled PDSCH regardless of reception points. One important thing is that PUCCH resource region using VCID is dynamically shared among RPs. If there might be Pico UEs scheduled by PDCCH in this scenario, then macro PUCCH region can be reused as in Figure 2-(c). 
For better resource utilization among Pico cells, PUCCH resource region for VCID configured UEs in one Pico cell can be spatially reused by VCID configured UEs in other Pico cells if cell separation is enough for spatial reuse.
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Figure 3-(a): PUCCH resource allocation in CoMP scenario 4 (with the same PCID)
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Figure 3-(b): PUCCH resource allocation in CoMP scenario 4 (with the same PCID)
3. Conclusion

· Proposal 1: PUCCH region for PDSCH scheduled by PDCCH is separately allocated from one for PDSCH scheduled by EPDCCH (UE specific N_pucch_offset signaling).
· Proposal 2: For EPDCCH scheduled PDSCH, virtual cell ID is used for PUCCH transmission (CoMP scenario 4).
· Proposal 3: PUCCH resource using virtual cell ID is shared by all of virtual cell ID configured UEs regardless of reception points (ePDCCH scheduled UEs).
______________________________________________________________________
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