3GPP TSG RAN WG1 Meeting #68
                                     

                                R1-120455
Dresden, Germany
February 6th – 10th, 2011

Agenda item: 7.6.5

Source: LG Electronics

Title: Enhancement of PHICH/PUCCH associated with E-PDCCH
Document for: Discussion and decision
1. Introduction
This contribution discusses the design approaches of enhanced PHICH (i.e. E-PHICH). Also, the resource allocation methods for PUCCH in conjunction with E-PDCCH are discussed.
2. Enhanced PHICH
The necessity of PHICH has been discussed since Rel-10 Relay discussion. it was observed at the time that backhaul channel is relatively stable and the retransmission will rarely happen, and then the necessity of legacy-like PHICH is not fully recognized in that initial transmission/retransmission can be controlled by using UL grant with NDI setting. However, now for the moment PHICH needs to be introduced for UE in that the situation was changed in terms of channel characteristics, capability, the number of UE, and so on. In addition E-PHICH may be necessary for the extension carrier for which E-PDCCH is used.
For E-PHICH, it is desirable to reuse legacy PHICH property as much as possible such as concepts of predefined resource region, REG level interleaving, CDM multiplexing and so on. However additional modifications may be needed to be in line with E-PDCCH structure and properties, which would be that the resource region for E-PHICH is required to be placed in PDSCH region, not PDCCH region (Figure 1). One example of those modifications would be that, in order for multiple UEs to monitor its own HARQ-ACK/NACK, the resource region needs to be informed of corresponding or all of UEs or to have a certain linkage such as UL RB index to PHICH resource index linkage (the latter one is quite similar to legacy concept). 
Meanwhile even if both E-PDCCH and E-PHICH is placed in PDSCH region, multiplexing of two channels (like legacy PDCCH and PHICH) can be taken into account in E-PHICH design. In that regard, PDCCH/PHICH structure such as REG unit, REG level interleaving would be also applied to E-PHICH to share the resource reserved for E-PDCCH and E-PHICH. This can be also beneficial to E-PHICH resource utilization. The size of E-PHICH resource will be decided depending on the system bandwidth and high layer adjustment parameters. However, assuming legacy approach for E-PHICH resource amount, the limited number of PRBs, e.g. two PRB pairs will be reserved for E-PHICH transmission by high layer signal. In case of 100RB, Ng=2 as shown in Table 2, 300REs are required to serve all of UEs’ PHICHs. If one PRB pair is 144 REs (24 CRS REs), just two or three PRB pairs will be required in such case for E-PHICH. If such a small number of PRB pairs are configured in localized fashion and they confront severe impairment due to deep fading, E-PHICH decoding performance may be severely degraded. On top of that, some RE will be wasted if E-PHICH configured resource size is not multiple of a PRB pair size. In case of 300 REs in previous example, almost one PRB pair may be wasted (i.e. 3PRB pairs: 144+144+12REs). Fortunately these issues can be resolved by adopting REG-level resource mapping and/or interleaving within configured PRB pair which can be shared by both E-PDCCH and E-PHICH.  
Furthermore, to support further optimized multiplexing, blind decoding concept using Group RNTI may be introduced for E-PHICH design to decode its own HARQ-ACK/NACK in the reserved E-PHICH region like that UE blindly decodes its DL/UL grant in E-PDCCH search space. 
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Figure 1: E-PHICH and E-PDCCH placement in PDSCH region

Table 1: The number of PHICH REs according to assigned RBs and high layer signalling 
(e.g. one PRB pair = 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. Resource allocation for PUCCH with E-PDCCH
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.
4. Conclusion

This contribution discussed the necessities of E-PHICH and some design criteria. From the discussions, our proposal is; 

Proposal#1: Introduction of E-PHICH should be considered.
Proposal#2: E-PHICH should be efficiently multiplexed with E-PDCCH in PDSCH region
Proposal#3: Enhancement of PUCCH resource assignment considering E-PDCCH for UE should be considered.
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