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1 Introduction
At RAN1 #70bis, the following conclusion was made on PUCCH resource allocation for ePDCCH  
· No additional RRC bits for PUCCH resource allocation configuration.

In this contribution, we discuss some remaining details of PUCCH resource allocation for ePDCCH.
2 Discussion
Based on the agreements from RAN #70, the PUCCH resource for ePDCCH is determined by the lowest eCCE index and a PUCCH starting position of corresponding ePDCCH set. This provides flexibility for the eNB to manage PUCCH 1a/1b resources. More specifically, the PUCCH resource regions for PDCCH and ePDCCH can be configured to be non-overlapped, partially overlapped or totally overlapped to cope with different scenarios. 

If the PUCCH resource regions are non-overlapped, there is no PUCCH resource blocking problems but the overhead of PUCCH is large. On the other hand, if the PUCCH resource regions are totally overlapped, there will be PUCCH resource collisions which prevent the users from being scheduled simultaneously. However, this problem could be resolved by setting a small offset (e.g. 1) among the semi-statically configured PUCCH resources belonging to different ePDCCH sets. This is especially efficient when it is expected that most ePDCCH transmissions have eCCE aggregation levels larger than one. Figure 1 shows the blocking probability for cases with different PUCCH offsets and whether ARO is used or not. 
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Figure 1 Blocking probability
It can be seen that the PUCCH blocking probability can be reduced to a large extent by setting a small shift between the two ePDCCH sets and obviously this does not increase the PUCCH overhead too much. Apart from this, the scheduler implementation has an impact on the PUCCH blocking probability. Therefore, we do not see the need to introduce a dynamically signaled PUCCH resource offset (ACK/NAK resource offset, ARO, referred to as ARI in previous discussions) in DCI for the purpose of reducing the PUCCH resource blocking probability. However, the resource collisions in the case of TxD for PUCCH format 1a/1b could be avoided by ARO as pointed out in [1]. 

To support MU-MIMO for localized ePDCCH when scheduling PDSCH transmissions, the antenna port index be used to determine the PUCCH HARQ-ACK resource to avoid collisions as proposed in [2]. Alternatively, the dynamically signaled PUCCH resource offset could be used here as well if it is decided to be introduced. However, it is unclear what the benefit is of introducing both the antenna port index and ARO for the same purpose. 

Proposal 1: It is not necessary to introduce both the antenna port index and ARO to support MU-MIMO for localized ePDCCH.
TDD PUCCH HARQ-ACK resource allocation for ePDCCH has not been addressed in previous discussions. The challenge to TDD PUCCH resource allocation is the uplink and downlink asymmetry. When the eNB is configured with more DL subframes than UL, the one-to-one mapping rule from FDD can not be reused since the PUCCH resources will collide with each other across different downlink subframes. Furthermore, PUCCH resource utilization needs to be considered to avoid excessive resource reservation for PUCCH HARQ-ACK transmission. 

TDD PUCCH resource allocation for PDCCH was exemplified in Figure 1, the PUCCH resources will be stacked first for the DCIs belonging to the first one-third CCEs of the control region across multiple subframes, followed by the DCIs belonging to second one-third CCEs and finally the last one-third CCEs. The design philosophy is that the control region could be automatically compressed at low system load by changing PCFICH so that the PUCCH HARQ-ACK resource could be compressed to a continuous region. 
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Figure 2 TDD PUCCH HARQ-ACK resource allocation for the case with multiple DL transmissions with ACK/NAK feedback in single UL subframe
Due to the differences in resource structures, the current design for PDCCH can not be reused for ePDCCH. The design for ePDCCH should still take PUCCH resource blocking probability and resource utilization into account. Keeping this in mind, we have the following proposal: the PUCCH HARQ-ACK resources are stacked for each ePDCCH set across subframes independently. 

Proposal 2: For PDSCH transmission indicated by the detection of corresponding ePDCCH or an ePDCCH indicating downlink SPS release within subframe 
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  as defined in Table 10.1.3.1-1 [4], the UE shall determine the PUCCH resource 
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where 
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 is the PUCCH resource start position for set 
[image: image13.wmf]k

. 
[image: image14.wmf](

)

k

N

eCCE

 is the number of eCCEs in set 
[image: image15.wmf]k

 within one subframe. 
[image: image16.wmf]p

k

 is an antenna-port-specific offset associated with antenna port 
[image: image17.wmf]p

, where 
[image: image18.wmf]p

 is the antenna port used for ePDCCH demodulation, 
[image: image19.wmf]{

}

110

,

109

,

108

,

107

,

107

Î

-

=

p

p

k

p

.
The intention of this proposal is to provide the eNB possibilities to stack PUCCH resources to a continuous region, especially at low load. However, this may introduce additional PUCCH resource collisions among different subframes, which is not preferred. This could be avoided by configuring orthogonal PUCCH resource regions for different ePDCCH set. As an example, a user is configured with 2 ePDCCH sets of 4 PRB pairs, a semi-static PUCCH resource start position 
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 is configured for set k. The PUCCH resource allocation is shown in Figure 2.
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Figure 3 TDD PUCCH HARQ-ACK resource allocation for ePDCCH
3 Conclusion
This contribution discussed some remaining issue of PUCCH HARQ-ACK resource allocation for ePDCCH. Based on the discussion, we propose the following 

Proposal 1: It is not necessary to introduce both the antenna port index and ARO to support MU-MIMO for localized ePDCCH.
Proposal 2: For PDSCH transmission indicated by the detection of corresponding ePDCCH or an ePDCCH indicating downlink SPS release within subframe 
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5 Appendix

Table 1 Simulation assumptions
	Parameter
	Assumption

	Number of ePDCCH sets
	K = 2

	Number of PRB pairs per ePDCCH set
	N = 4

	Number of eCCEs per ePDCCH set
	16

	Number of UEs per subframe
	2, 4, 6, 8, 10, 12, 14, 16,18, 20

	eCCE aggregation levels
	{1, 2, 4, 8}

	Distribution of each aggregation level
	{60%, 20%, 15%, 5%} for {1, 2, 4, 8}

	Blind decoding split 
	{3, 3, 1, 1} in each ePDCCH set for {1, 2, 4, 8}

	Hashing function for the search space
	See [3]

	ARO
	{-2,-1, 0, +1}
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