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1 Introduction

In RAN1#70, the concept of EPDCCH set was agreed as
· An ePDCCH set is defined as a group of N PRB pairs

· Working assumption: N = {1 for localised (FFS), 2, 4, 8, 16 for distributed (FFS), …} 

· A distributed ePDCCH is transmitted using the N PRB pairs in an ePDCCH set

· A localized ePDCCH shall be transmitted within an ePDCCH set

· FFS whether a localised ePDCCH can be transmitted across more than one PRB pair

· K ≥ 1 ePDCCH sets are configured in a UE specific manner

· Maximum number for K is selected later among 2, 3, 4, and 6

· The K sets do not have to all have the same value of N
Further, based on above definition of EPDCCH set, the agreements on PUCCH format 1a/1b resource allocation corresponding to an EPDCCH are

· Lowest eCCE index of the corresponding EPDCCH is a component of PUCCH resource determination

· A UE is configured with a semi-static PUCCH resource starting offset for each EPDCCH set; eCCE is indexed per EPDCCH set

· FFS until RAN1#70bis between 

· Option A) not to use dynamically signaled PUCCH resource offset by EPDCCH

· Option B) dynamically signaled PUCCH resource offset by EPDCCH

· Whichever of options A and B is chosen, RRC signalling will not be introduced.

· FFS until RAN1#70bis for localized EPDCCH among
· Option X) not to use antenna port index
· Option Y) to use antenna port index of EPDCCH
· Option Z) to use antenna port index of PDSCH

TDD aspects are FFS – if solutions are needed, aim for solutions without RRC impact. 

The above decisions on PUCCH resource allocation primarily considered FDD operation (e.g. “TDD aspects are FFS”. Although the above agreements can largely hold for TDD as well, there are some TDD-specific aspects that need further consideration. In particular, HARQ-ACK information for M (M≥1) DL subframes (bundling window) must be transmitted in the same UL subframe. This means that PUCCH format 1a/1b resources needs to allocated for the M DL subframes in the bundling window. This contribution considers the PUCCH format 1a/1b resource allocation for TDD. 
2 PUCCH resource allocation for M=1 

According to the agreement in RAN1#70, the lowest ECCE index (per EPDCCH set) will be a component for determining a PUCCH format 1a/1b resource and a UE will be configured with a semi-static PUCCH resource starting offset for each EPDCCH set. It is FFS if ARI is further used in PUCCH resource determination to improve scheduler flexibility without increasing UL overhead [1]. That is, denoting the PUCCH resource starting offset for the kth EPDCCH set as 
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 is the ARI mapping function. This is applicable to FDD and to TDD with M=1.  
3 PUCCH resource allocation for M>1 

For M>1, the ECCEs in M DL subframes needs to mapped to PUCCH format 1a/1b resources in single UL subframe. This functionality should be simple to specify and should allow for flexible ECCE resource allocation. 
A first aspect to consider is whether the configuration of the parameters for EPDCCH sets is applicable to all DL subframes in the bundling window. If so, the PUCCH format 1a/1b resource determination can be as in Section 2. This also avoids an eNB scheduler having to manage multiple semi-static PUCCH resource offsets for each EPDCCH set in respectively multiple DL subframes and maintains a same signaling as for a FDD system.  
Moreover, for LTE TDD the higher layer signaling for PUCCH format 1a/1b resource allocation is the same as for FDD and the same parameter, 
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, serves as the PUCCH resource offset. Therefore, it is preferable that the same PUCCH resource offset associated with an EPDCCH set and the same configuration of K EPDCCH sets are applicable for all M DL subframes in the bundling window. 
Proposal 1: The configuration of K EPDCCH set and a PUCCH resource offset per EPDCCH set applies to all M DL subframes in TDD.
However, for M>1 and similar to Rel-10 TDD operation, it is clearly not preferable to have the same determination for a PUCCH format 1a/1b resource as for FDD because using an ECCE as the first ECCE for a DL scheduling assignment in a DL subframe will block using the same ECCE as the first ECCE for a DL scheduling assignment in other DL subframes. The use of ARI may mitigate the collision problem to some extend but the number of ARI bits should be limited (e.g. 2 bits) and, similar to FDD, their main functionality is to handle collisions of PUCCH resources in the same subframe. Therefore, as in Rel-10 TDD, the index of a DL subframe in the bundling window is considered for further adjusting a PUCCH resource derived from a first ECCE of a DL scheduling assignment (or SPS release). 
The first DL subframe in a bundling window can directly use the offset 
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 configured for EPDCCH set k and an adjusting offset, in addition to 
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, can be used for another respective DL subframe in the bundling window. The adjusting offset for the PUCCH resource can be determined from the number of ECCEs in the EPDCCH set k.
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Figure 1: Same number of reserved PUCCH resources in different subframes for an EPDCCH set.
Figure 1 assumes that all DL subframes support aggregation level of 1 ECCE and have the same number of ECCE for the same EPDCCH set. Therefore, the offset for the mth DL subframe in the bundling window can be determined by 
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 (where 
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 may not exist if ARI is not supported). The parameter 
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 can be directly determined from the number of PRB pairs and the number of ECCEs per PRB pair for EPDCCH set k.
However, in certain configurations, different DL subframes in the bundling window may have different numbers of ECCEs per PRB pair even for the same EPDCCH set k. For example, as agreed in RAN1#70 for normal CP, when the special subframe uses configuration 1, 2, 6, 7, 9, the number of ECCEs in DwPTS is half the one in normal subframes. Correspondingly, the number of PUCCH resources that needs to be reserved for DwPTS is also the half the one in normal subframes. Moreover, for 4 ECCEs per PRB pair, the minimum ECCE aggregation level (AL) can be 1 or 2 depending on the number of REs available for transmitting EPDCCHs per PRB pair. As discussed in [1], when the minimum AL is 2 ECCEs, it is preferable to allocate a PUCCH every 2 ECCEs in order to avoid unnecessarily doubling the respective PUCCH overhead, while a one-to-one mapping applies when the minimum AL is 1 ECCE. Therefore, the number of PUCCCH resource needed for a subframe with minimum AL 2 is also half of the one for a subframe with minimum AL 1. 

With respect to the PUCCH resource determination, the exact offset for the mth DL subframe in the bundling window can be determined by accumulating the number of PUCCH resources in the preceding m DL subframes in the bundling window, i.e. 
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Figure 2 illustrates the above where it is assumed that subframe 1 requires a smaller number of PUCCH resources than subframe 0 (either due to a smaller number of ECCEs per PRB pair or due to a larger minimum AL). 
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Figure 2: Different number of PUCCH resources in different subframes for an EPDCCH set.
Proposal 2: The PUCCH resource 
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is the semi-static PUCCH resource offset configured for EPDCCH set k.  
4 Conclusion 

This contribution considered the PUCCH format 1a/1b resource allocation in response to EPDCCH detection in TDD systems and proposes the following, 
Proposal 1: The configuration of K EPDCCH sets and of a PUCCH resource offset per EPDCCH set applies to all M DL subframes in the bundling window in TDD.
Proposal 2: The PUCCH resource 
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is the semi-static PUCCH resource offset configured for EPDCCH set k.  
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