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1 Introduction 

In RAN1 #70bis, the PUCCH resource allocation in response to EPDCCH was extensively discussed for FDD [1-6]. In the end, it was concluded that no additional RRC bits will be used for PUCCH resource allocation configuration. For TDD, due to the time limitation, it was not treated. In this contribution, we discuss the remaining issues in FDD and give our solutions for the PUCCH resource allocation in TDD. 
2 The remaining issues of PUCCH resource allocation for FDD
MU-MIMO should be supported by EPDCCH when the channel conditions are favourable and accurate CSI is available to increase the scheduling capacity. For MU-MIMO EPDCCH transmission, the same ECCE will be shared by multiple UEs so it is necessary to introduce additional parameter(s) in addition to the lowest ECCE index to distinguish the corresponding PUCCH resources. The paired MU-MIMO EPDCCHs will have different antenna ports or scrambling sequences, which could be used for indexing different PUCCH resources. The scrambling sequence has been agreed to be configured by UE-specific higher layer signalling, and correspondingly a UE-specific PUCCH resource could be configured by means of the UE-specific starting offset of the PUCCH resource per EPDCCH set. The antenna port should be an independent parameter determining the PUCCH resource as it may change dynamically. 

Proposal 1: Apply antenna port offset additionally to implicitly index the PUCCH resource of formats 1/1a/1b in response to EPDCCH.

In RAN1 #70bis, a dynamic parameter (i.e., ARI) was proposed by some companies [5] to reduce the resource wastage and to avoid the collision when distributed EPDCCH and localized EPDCCH are multiplexed within the same PRB pair. The resource wastage problem mainly stems from the over-dimensioned resource reservation for each ECCE. The same problem exists for the legacy PDCCH where PUCCH resources are preserved for the spare CCEs and inner CCEs of one PDCCH at higher aggregation levels. Compared to the legacy PDCCH whose starting offset is configured cell-specifically, one possibility to mitigate the over-dimensioning problem for EPDCCH could be careful planning of the UE-specific starting offset of the PUCCH. This might also help to mitigate the collision problem too. However, the UE-specific starting offset is not dynamic, and it could be complex to identify suitable values for every UE to minimise PUCCH resource wastage and avoid collisions, especially as UEs enter and leaving the cell. On the other hand, additional bits in DCI are needed to carry the ARI resulting in more overhead, and further lowering the performance of EPDCCH compared to PDCCH. Thus the question involves a trade-off between downlink overhead on the one hand and uplink overhead and scheduler complexity on the other. The solution is therefore not obvious, and perhaps the ideal solution would have been to allow the presence of the ARI to be configurable by higher-layer signalling; unfortunately this option is no longer available due to the timeframe of Rel-11. On balance, we have a slight preference for introducing the ARI in order to reduce scheduler complexity. 

Proposal 2:  Two dynamic signaling bits (i.e., ARI) are introduced in the DCI messages on EPDCCH for PUCCH resource offset. The four values are fixed in the specifications. 
3 PUCCH resource allocation for TDD 

As defined in the specifications, there are different UL-DL configurations in TDD. For PUCCH HARQ-ACK feedback, there is not only one-to-one mapping (one DL subframe associated with one UL subframe), but also many-to-one mapping (more than one DL subframes associated with one UL subframe), as shown in Fig. 2 for TDD UL-DL configuration 3. 
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Figure 2. HARQ relationship in TDD system (DL:UL=7:3)
In TDD, PUCCH resource allocation for the case with one-to-one mapping is similar to that in FDD. In this case, the “lowest ECCE index plus a UE-specific offset” can be applicable.  However, in case of many-to-one mapping, the EPDCCH of multiple DL subframes can schedule more DL grants, which, in the case of ACK/NACK multiplexing being configured, requires more PUCCH resources (for channel selection) than that in case of one-to-one mapping. Therefore, in subframes when the mapping is many-to-one, directly reusing the mechanism of “lowest ECCE index plus offset” will potentially cause resource collision.
The legacy PUCCH resource allocation in TDD is based on deriving the total number of CCEs in the M subframes for which HARQ-ACK is sent in the current subframe, in order to ensure that sufficient PUCCH resources are used to avoid collisions. To reuse this method for EPDCCH, the total number of ECCEs of each subframe would need to be known by the UE, which would need additional signaling. Therefore, the legacy method cannot be directly reused.  We therefore have the following observations:

Observation 1:  Without the knowledge of the number of ECCEs for each DL subframe, when. M >1  the agreed “lowest ECCE index plus a UE-specific offset” PUCCH resource allocation scheme cannot be used directly in TDD. 

To support PUCCH resource allocation in TDD for EPDCCH, we propose the following solution:.

Proposal 3:  For TDD, the PUCCH resource for a DL grant sent over EPDCCH in the
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If the dynamic ARI bits are agreed to be introduced for FDD, they should be applicable to TDD as well to serve the same purpose.
4 Conclusions
In this contribution, we have discussed the remaining issue of the PUCCH resource allocation including both FDD and TDD scenarios. The following proposals are made: 

Proposal 1: Apply antenna port offset additionally to implicitly index the PUCCH resource of formats 1/1a/1b in response to EPDCCH.

Proposal 2:  Two dynamic signaling bits (i.e., ARI) are introduced in the DCI messages on EPDCCH for PUCCH resource offset. The four values are fixed in the specifications. 
Proposal 3:  For TDD, the PUCCH resource for a DL grant sent over EPDCCH in the
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