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1. Introduction

After the work item on enhanced control channel [1], a lot of contributions have been suggested. They handle mainly enhanced PHICH(e.g., ePHICH) and enhanced PCFICH(e.g., ePCFICH). The goals of these contributions are as followings:

· To support increased control channel capacity

· To support frequency domain ICIC

· To support beamforming and/or diversity

· To operate in MBSFN subframes

· To coexist on the same carrier as legacy UEs

In this contribution, we discuss some design principals on ePHICH/ePCFICH needed to achieve above goals.
2. Considerations on ePHICH

Since the position of legacy PHICH is located in first 3 symbols, the performance of legacy PHICH is limited. For example, because of their limited location, PHICH suffers from high interference level in heterogeneous networks. These first 3 OFDM symbols also hinder PHICH from exploiting frequency diversity gain. In addition, ePHICH is needed to keep the current UL HARQ operation in carrier aggregations with an extension carrier which may not include PHICH. As the current UL HARQ operation is that UE monitors PHICH at the carrier which transmitted the corresponding UL grant, ePHICH needs to be defined for the UL grant transmitted in an extension carrier with using ePDCCH.

To overcome these problems, a new type of PHICH (e.g., ePHICH) is needed to be introduced. ePHICH is located in PDSCH region and could be inherited several properties from legacy PHICH such as predefined resource region, REG level interleaving, CDM multiplexing, and so on. The advantage of this is the minimization of specification impact. However, some changes are necessary due to accordance with ePDCCH. For example, if we allocate ePHICH in PDSCH region, the resources for ePHICH may be overlapped with ePDCCH (or PDSCH). In this case, it is suitable for ePHICH to be multiplexed with ePDCCH (or PDSCH). In heterogeneous network, legacy-like approach to inform UEs of ACK/NACK resource position by means of UL RB index - PHICH resource index linkage can be a baseline.

Considering resource allocation of ePHICH, resource element group (REG) level interleaving [2] is a good way to allocate ePHICH in that ePHICH can be well-multiplexed with ePDCCH in REG level as in the previous releases. It inherently shows a good robustness even under deep fading channel condition. However, this REG based ePHICH structure may affect resource diversity, resource utilization and so on. For example of legacy PHICH with 100RB bandwidth, Ng=2, 25 PHICH groups, 300REs are required to serve all of UEs PHICHs as Table 1. Considering one PRB pair has 144 REs, at least 3 PRB pairs are needed to support for ePHICH in which largely one third of PRB pairs will be wasted because in the third PRB pair merely small amount of RE (i.e. 12 REs) will be occupied by ePHICH. This waste can be reduced by REG level resource mapping and/or interleaving within PRB pairs which are shared by ePDCCH and ePHICH both. To support REG level resource mapping and/or interleaving and further optimized multiplexing, blind decoding using Group RNTI for ePHICH may be required so that it can decode its own HARQ ACK/NACK in the same way of DCI decoding approach in ePDCCH search space region.
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Figure 1: ePHICH and ePDCCH placement in PDSCH region
Table 1: The number of PHICH REs according to assigned RBs and high layer signalling (1 PRB = 144 REs)

	System BW

(RBs)
	Network signaling
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	PHICH groups
	PHICH REs
	PRB pairs

(occupied)

	6 
	1/6 
	1 
	12 
	0.08 

	6 
	1/2 
	1 
	12 
	0.08 

	6 
	1 
	1 
	12 
	0.08 

	6 
	2 
	2 
	24 
	0.17 

	15 
	1/6 
	1 
	12 
	0.08 

	15 
	1/2 
	1 
	12 
	0.08 

	15 
	1 
	2 
	24 
	0.17 

	15 
	2 
	4 
	48 
	0.33 

	25 
	1/6 
	1 
	12 
	0.08 

	25 
	1/2 
	2 
	24 
	0.17 

	25 
	1 
	4 
	48 
	0.33 

	25 
	2 
	7 
	84 
	0.58 

	50 
	1/6 
	2 
	24 
	0.17 

	50 
	1/2 
	4 
	48 
	0.33 

	50 
	1 
	7 
	84 
	0.58 

	50 
	2 
	13 
	156 
	1.08 

	75 
	1/6 
	2 
	24 
	0.17 

	75 
	1/2 
	5 
	60 
	0.42 

	75 
	1 
	10 
	120 
	0.83 

	75 
	2 
	19 
	228 
	1.58 

	100 
	1/6 
	3 
	36 
	0.25 

	100 
	1/2 
	7 
	84 
	0.58 

	100 
	1 
	13 
	156 
	1.08 

	100 
	2 
	25 
	300 
	2.08 


3. Considerations on ePCFICH

Like PDCCH, the ePDCCH information for a certain UE is possible to be contained in many positions, called ePDCCH search space (SS). ePDCCH is implemented by two possible ways, called full and partial interleaving. Figure 2 shows the differences between full and partial interleaved ePDCCH decoding. In the full interleaving, every ePDCCH is spread over the entire PRB pairs configured as the search space. Thus, without knowing the interleaving depth of the search space (i.e., the number of PRB pairs used for the search space), the UE cannot find its ePDCCH. As a result, if the eNB wants to dynamically adjust the amount of resource assigned to ePDCCH search space, a new physical channel such ePCFICH is needed for this indication. On the other hand, in the partial interleaving, each ePDCCH is spread over a subset of PRB pairs within the entire search space. From a single UE perspective, multiple search space groups can be seen each of which contains one or more ePDCCH candidates. Differently from the full interleaving case, no additional physical channel is needed for the indication of the number of PRB pairs actually used for the ePDCCH search space because the search space groups not containing any ePDCCH can be simply reused for the normal PDSCH transmissions. One drawback of this partial interleaving may be the lack of frequency diversity, but additional frequency diversity is not likely to be considerable as long as each search space group can provide a certain level of diversity such as 2 or 4. Based on this discussion, we propose that partial interleaving is adopted for ePDCCH interleaving scheme in order to allow dynamic ePDCCH resource configuration without requiring a new physical control channel design.
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Figure 2 An example of SS groups for full and partial interleaving ePDCCH
4. Resource allocation for PUCCH with ePDCCH

The resource allocation for PUCCH can be done in implicit, explicit, or hybrid of them. Any solution should strive for the efficient resource allocation and for minimizing the impact on legacy PUCCH resource dimensioning. In relay discussion, it was decided that PUCCH resource is configured by RRC signal. However considering UE case, it seems that dynamic resource allocation is more useful for resource utilization. In that sense it’s beneficial that such eCCE-to-PUCCH resource linkage as in Rel-8/9/10 can be reused.
5. Conclusions


This contribution discussed the necessity of ePHICH and some design considerations. Also, we discussed ePCFICH, the concepts of blind decoding in case of partial interleaving of ePDCCH.
· Proposal 1: ePHICH should be introduced.

· Proposal 2: ePHICH should be efficiently multiplexed with ePDCCH in PDSCH region.
· Proposal 3: Partial interleaving method for ePDCCH is preferred and ePCFICH is not needed in this case.
· Proposal 4: Enhancement of PUCCH resource assignment considering ePDCCH for a UE should be considered.
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