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1. Introduction
One important aspect related to EPDCCH design is the ACK/NACK signalling for the PDSCH scheduled with EPDCCH. The issue of ACK/NACK resource allocation on PUCCH was discussed in RAN1#69, where also a Way Forward document submitted and left for email approval [1]. The subsequent discussion took place over the 3GPP RAN1 email reflector in June 2012 (entitled [69-15]) and lead to the following agreement:

· The PUCCH Format 1a/1b resource for HARQ-ACK transmission in response to ePDCCH-scheduled PDSCH  is at least partly implicitly determined

·  FFS which resource index could be used 

· Specification support for avoiding collisions of PUCCH format 1a/1b resources corresponding to ePDCCH and PDCCH is provided

· FFS how to provide collision avoidance
Further discussion on implicit HARQ-ACK resource allocation in the case of EPDCCH took place in RAN1#70, where following agreements were reached [2]:

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. 

In this contribution we present our views on the remaining details related to ACK/NACK resource allocation principles to support EPDCCH operation in Release 11 taking the above agreement into account. The focus of this contribution is on TDD specific aspects. FDD related aspects are addressed in a companion contribution [3]. 
2. Discussion
2.1 TDD specific aspects
The TDD specific aspects related to implicit PUCCH resource allocation for HARQ-ACKs corresponding to PDSCH scheduled via EPDCCH have not been discussed in detail in the 3GPP. The specific issue in PUCCH format 1a/1b resource allocation for TDD is that more than one DL subframe may be associated with a single UL subframe. As shown in Table 1, the HARQ-ACKs corresponding to M (could be 1, 2, 3, 4
) DL subframes are reported in one UL subframe. This means if nothing is specified beyond the RAN1#70 agreements, PUCCH resources corresponding to M DL subframes will collide. 

Table 1: Downlink association set index
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	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	6
	-
	4
	-
	-
	6
	-
	4

	1
	-
	-
	7, 6
	4
	-
	-
	-
	7, 6
	4
	-

	2
	-
	-
	8, 7, 4, 6
	-
	-
	-
	-
	8, 7, 4, 6
	-
	-

	3
	-
	-
	7, 6, 11
	6, 5
	5, 4
	-
	-
	-
	-
	-

	4
	-
	-
	12, 8, 7, 11
	6, 5, 4, 7
	-
	-
	-
	-
	-
	-

	5
	-
	-
	13, 12, 9, 8, 7, 5, 4, 11, 6
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	7
	7
	5
	-
	-
	7
	7
	-


In Rel-8/9/10 TDD operation, PUCCH resources corresponding to multiple DL subframes are concatenated and interleaved in the associated UL subframe (e.g. with 40 CCEs per DL subframe and M=2, 80 PUCCH resources are reserved), so that there are no resource collisions between different subframes. To be specific, the PDCCH resources corresponding to PDCCH OFDM symbols [s1, s2, s3…] and subframes [SF1, SF2, SF3, ..] are mapped to PUCCH in the following order:

· SF1-s1; SF2-s1; SF3-s1; …; SF1-s2; SF2-s2; SF3-s2; …

However, directly re-using of Rel-8/9/10 principle is not a favorable solution because the PDCCH and corresponding PUCCH resource region is common to all UEs in the cell, but the EPDCCH sets and corresponding PUCCH regions are UE specific. Hence concatenation of PUCCH resource regions corresponding to different DL subframes cannot guarantee collision-free operation. Alternatively, if the offset parameter for a certain EPDCCH set was configured to be large enough to avoid collisions when M>1, there would be excessive PUCCH resource overhead due to resource fragmentation.

The problem with directly re-using of Rel-8/9/10 principle can be illustrated in Figure 1, where two EPDCCH sets are configured (Set 1 and Set 2). The figure can be considered to correspond to TDD UL-DL configuration 1 (see Table 1), wherein from HARQ-ACK signalling point of view some of the UL subframes (#3 & #8) are associated with a single DL subframe (as in the upper part of the figure), where as some other UL subframes (#2, #7) are associated with two DL subframes (lower part of the figure). The semi-static offsets for Set 1 and Set 2 are N_UE-PUCCH_1, and N_UE-PUCCH_2, respectively. With the configuration as in the figure below, this leads to having completely separate PUCCH regions for Set 1 and Set 2 in the upper part of the figure. With simply placing resource for SF2 after resource for SF1 for each EPDCCH set, there will be collision between {set1, SF2}, {set2, SF1} and {set2, SF2} as in the lower part of the figure. This means the collision avoidance by semi-static offset is only valid for the first DL subframe. It is also noted that even with dynamic offset, it would be difficult for a practical scheduler to handle collisions in the case overlapping resources relate to different subframes (for example, Figure 1).

Observation: There is a need to provide support for avoiding collisions due to HARQ-ACKs for different DL subframes mapping into a same UL subframe.  
[image: image3.emf]N_UE-PUCCH configuuration assuming M=1, and directly re-using Rel-8/9/10 principle
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Figure 1: Illustration of multi-SF PUCCH resource arrangement by simply following Rel-8/9/10. The PUCCH resources for two EPDCCH sets will overlap/collide in case the HARQ-ACKs from multiple subframes map into a single UL subframe. 
As discussed in [3], in the case of FDD the PUCCH format 1a/1b HARQ-ACK resource in response to EPDCCH scheduled PDSCH could be described with the following formula 
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 is the PUCCH format 1a/b resource for the HARQ-ACK, 
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 is the UE- and EPDCCH-set-specific PUCCH resources offset configured by higher layers and 
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 is a dynamic offset modifier such as an antenna port-specific offset associated with antenna port 
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, where 
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 is the antenna port allocated to the first CCE of corresponding EPDCCH or other explicitly signaled or implicitly derived parameter. Note that according to the decisions in RAN1#70 it has not yet been confirmed whether 
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will be needed or not. For simplicity, it would be good to have significant commonality between the FDD and TDD resource allocation solutions.
2.2 Collision avoidance with TDD
As discussed in the previous sections, in order to avoid PUCCH resource collisions and/or eNodeB scheduling restrictions, the network should have the possibility to configure the PUCCHs resources so that collisions shall never occur. This can be achieved by providing a mechanism to adjust the implicit resource allocation so that it adapts to the number of DL subframes mapping to a single UL subframe. 

To be specific, in addition to the semi-static UE-specific resource starting offset 
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 configured for each EPDCCH set, for the case of TDD, another parameter, 
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 can be introduced impacting the resource allocation formula when M>1, i.e. when PUCCH HARQ-ACK resources for multiple DL subframes map into a single UL subframe. This can be achieved with the following formula:
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where 
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 is parameter specific for TDD-operation. 
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can be configured semi-statically and signalled via RRC signalling, or it can be e.g. equal to or a multiple of the number eCCEs in the given EPDCCH set. Resulting PUCCH resource arrangement is shown in Figure 2,
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 is the number of the first CCE used for transmission of the corresponding EPDCCH in subframe 
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(0...M-1) is the relative index of the DL subframe of the PDSCH scheduled by EPDCCH derived from the Table 1 (i.e. Table 10.1.3.1-1 in TS 36.213). 

Proposal: In the case of TDD, the PUCCH resources for HARQ-ACKs scheduled via EPDCCH are determined according to:
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where 
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 is parameter specific for TDD-operation.
When M>1, the offset applied in each DL subframe is dependent on
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and m. Compared with the FDD formula in Section 2.1, a proper selection of a value for
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 allows for avoiding the problem depicted in Figure 1 by fully separating the PUCCH resources related to EPDCCH Set1 and Set2, as in Figure 2.

[image: image25.emf]N_UE-PUCCH-TDD = L1+L2 for both EPDCCH sets
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Figure 2: Illustration of multi-SF PUCCH resource arrangement with fully orthogonal PUCCH region
3. Conclusions

In this contribution we discussed the TDD-specific aspects related to HARQ-ACK resource allocation for the PUSCH transport blocks scheduled via ePDCCH. Regarding the need for TDD-specific measures to avoid collisions, we make the following observation:
Observation: There is a need to provide support for avoiding collisions due to HARQ-ACKs for different DL subframes mapping into a same UL subframe.  
Furthermore, regarding HARQ-ACK signaling details for TDD, following proposal is made:

Proposal: In the case of TDD, the PUCCH resources for HARQ-ACKs scheduled via EPDCCH are determined according to:
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� Only up-to four subframes need to be supported with A/N multiplexing in combination with channel selection. UL-DL configuration #5 is considered as special case as it supports only A/N bundling.





_1410079259.unknown

_1410079263.unknown

_1410079271.unknown

_1410079273.unknown

_1410079274.unknown

_1410079275.unknown

_1410079272.unknown

_1410079265.unknown

_1410079270.unknown

_1410079266.unknown

_1410079264.unknown

_1410079261.unknown

_1410079262.unknown

_1410079260.unknown

_1410079255.unknown

_1410079257.unknown

_1410079258.unknown

_1410079256.unknown

_1410079253.unknown

_1410079254.unknown

_1410079252.unknown

