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1 Introduction 
At RAN1 #70 meeting, an agreement was reached for PUCCH resource allocation in response to ePDCCH:
· 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. 

After the meeting, an LS was sent to RAN2 and it was approved that PUCCH resource starting offset for the EPDCCH set is indicated by RRC signalling. In this contribution, we discuss the remaining issues. 
2 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. As discussed by our companion contribution [1], the paired MU-MIMO EPDCCHs will have different antenna ports or scrambling sequences, which could be used for indexing different PUCCH resources. In general, the PUCCH resource assignment of formats 1/1a/1b in response to EPDCCH could be implicitly derived from 
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 is the PUCCH resource starting offset for the EPDCCH set which is configured by UE-specific high layer signalling. Some examples can be seen in Figure 1 where different scrambling sequence indices are used to differentiate two EPDCCHs coinciding on ECCE0 and different antenna port indices are used to differentiate two EPDCCHs coinciding on ECCE4/5.
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Figure 1. eCCE index based determination for MU-MIMO/CoMP ePDCCH
As proposed by another of our companion contributions [2], the DMRS antenna port for the localized EPDCCH occupying more than one ECCE is determined by the UE’s C-RNTI, so 
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should be an independent parameter from the offset parameter
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  . In contrast, the scrambling sequence is proposed to be configured by UE-specific RRC signalling in our companion contribution [1], so the output of the function
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could be incorporated into the offset parameter
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.  In this way, the PUCCH indexing in response to localized ePDCCH could be represented by
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Proposal 1:  Choose Option Y), i.e., use antenna port index of EPDCCH to differentiate the PUCCH A/N resources.. The indexing formula could be
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 is the PUCCH resource starting offset for the EPDCCH.
For distributed EPDCCH, since there is no possibility to support MU-MIMO operation, the antenna port parameter is not needed to index the PUCCH A/N resources. We can use a similar way as the legacy PDCCH to index the corresponding PUCCH A/N resources. The distributed ECCEs could be indexed as proposed by our companion paper [3], so the PUCCH resource in response to the distributed EPDCCH could be determined by:
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The advantage of the indexing scheme proposed in [3] is that there would be no conflict between the ECCE index of the localized ECCEs and distributed ECCEs when they share the same PRB pairs.
Proposal 2:  The PUCCH resource assignment of formats 1/1a/1b in response to distributed EPDCCH is implicitly derived from
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Moreover, given the discussions above, we do not see a need to have an additional dynamic signaling for PUCCH resource offset for either localized or distributed ePDCCH.
Proposal 3:  Option A) is adopted, i.e., no dynamic signaling is introduced for PUCCH resource offset.
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. 

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 UE, which would need additional signaling. Therefore, the legacy method can not be directly reused.  We therefore have the following observations:

Observation 1:  With the many-to-one subframe mapping (i.e. M >1), the agreed “lowest ECCE index plus a UE-specific offset” PUCCH resource allocation scheme cannot be used directly in TDD. 

Observation 2: Lacking of the knowledge of the number of ECCEs for each DL subframe, the legacy PUCCH resource allocation method cannot be reused directly.

To support PUCCH resource allocation in TDD for ePDCCH, we consider two possible solutions.
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Figure 2. HARQ relationship in TDD system (DL:UL=7:3)
Solution 1
In solution 1, each DL subframe will be linked to a different PUCCH region, and the eNB needs to inform the UE the number of PRB pairs to assume for ePDCCH for all the UEs in each DL subframe. The PUCCH resource allocation can be processed by the following steps:

Step 1: Let 
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Step 2: Let
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Step 3: Calculate offset 
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where
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Step 4: Assume the UE detects an ePDCCH in subframe
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, with the lowest eCCE index being denoted as 
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. Then, the M PUCCH resources for ACK/NACK multiplexing for this UE in the uplink subframe 
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is derived according to the table in TS36.213) are given by:
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where 
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Solution 2
Alternatively, to avoid PUCCH resource collision due to the coexistence of one-to-one subframe mapping and many-to-one subframe mapping, multiple offsets can be introduced. 

For each UE, the eNB can configure UE specific offsets for the cases with many-to-one mappings. Then, for one UE, multiple offsets are needed. For example, if one to two exists according to the UL/DL configuration, the eNB needs to configure one corresponding offset in addition to the basic value of 
[image: image41.wmf])

1

(

PUCCH

N

. If one to three also exists according to the UL/DL configuration, the eNB needs to configure another corresponding offset. Then, the M PUCCH resources for ACK/NACk multiplexing can be given by:


[image: image42.wmf])

1

(

,

1

m

PUCCH

ECCE

PUCCH

N

n

n

+

=

 , m = {1, .., M}                                                                                                                                       (6)

It should be noticed that the number of values of 
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that need to be configured will  depend on the maximum value of M in the UL/DL configuration.
Proposal 4: For TDD, consider one of the following two solutions for PUCCH resource allocation:
· Solution 1: The eNB informs the UE the number of PRB pairs to assume for EPDCCH for all the UEs, and the UE calculates a subframe-dependent offset for the PUCCH resources, in addition to the UE-specifically configured PUCCH resource offset.

· Solution 2: Configure multiple offsets for each UE and reuse the “lowest eCCE index plus offset” method to derive the set of PUCCH resources.

Note that regardless of the resource allocation mechanism agreed, the legacy ACK/NACK bundling and multiplexing schemes are assumed to be reused for EPDCCH.
4 Conclusions

In this contribution, we propose:
Proposal 1:  Choose Option Y), i.e., use antenna port index of EPDCCH to differentiate the PUCCH A/N resources.. The indexing formula could be
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Proposal 2:  The PUCCH resource assignment of formats 1/1a/1b in response to distributed EPDCCH is implicitly derived from
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Proposal 3:  Option A) is adopted, i.e., no dynamic signaling is introduced for PUCCH resource offset.
Proposal 4: For TDD, consider one of the following two solutions for PUCCH resource allocation:

· Solution 1: The eNB informs the UE the number of PRB pairs to assume for EPDCCH for all the UEs, and the UE calculates a subframe-dependent offset for the PUCCH resources, in addition to the UE-specifically configured PUCCH resource offset.

· Solution 2: Configure multiple offsets for each UE and reuse the “lowest eCCE index plus offset” method to derive the set of PUCCH resources.
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