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1 Introduction 
In Release 11, enhancements of PHICH were proposed by a number of companies in order to provide a low overhead means of transmitting feedback for UL HARQ in conjunction with EPDCCH, i.e. in the absence of a legacy control region. However due to the workload limitation, it was not agreed in the end [1]. Currently, the standardization work of the new carrier type (NCT) is ongoing targeting for Release 12.  There is no possibility of transmitting PHICH on NCT due to the removal of CRS, so unless a new mechanism is introduced there is no means to support non-adaptive UL HARQ. 
In this contribution, we give our views on the PHICH issue for NCT.
2 Motivations for DL A/N enhancement
In our previous contribution [2] we discussed the benefits of enhancing A/N transmission in the downlink in in heterogeneous networks as well as in CoMP scenario 4 in relation to interference coordination and A/N collision avoidance. In addition to the points raised in [2], some aspects of NCT also motivate PHICH enhancements.
· For the non-standalone NCT:

· In Releases 10 and 11, both UL grant and PHICH for PUSCH of a serving cell are required to be transmitted on the same cell. If the same rule is followed in Release 12, when the PUSCH is scheduled from NCT by EPDCCH, the only means available for A/N feedback in response to the PUSCH transmission would be an explicit grant on EPDCCH on the NCT. The low-overhead non-adaptive PUSCH retransmission mechanism could not be supported, even via the legacy carrier. 
· Legacy LTE networks can balance the load of A/N feedback transmission across component carriers even when cross-carrier scheduling is applied since a component carrier can be the primary cell for some UEs but the secondary cell for other UEs. However, non-standalone NCT can be only used as an SCell which is aggregated with a legacy carrier. If the scheduling information (e.g., UL grant) is transmitted from the legacy carrier, i.e., cross-carrier scheduling to avoid being scheduled by the EPDCCH on NCT so that PHICH can be used, both CA-capable and CA-incapable UEs would receive the A/N feedback from the PHICH on the same carrier, which may increase the probability of A/N collision due to the limited A/N capacity of the existing PHICH.  

· For the standalone NCT 

· The second phase of the NCT work is to support the standalone operation, which means no legacy carrier is aggregated with the NCT so no legacy PHICH is available at all. In this case, the only means available for A/N feedback in response to the PUSCH transmission would be an explicit grant on EPDCCH on the NCT, and so a new way to transmit the A/N feedback is required if the control signalling overhead is to be kept low. 
It should also be noted that control signalling overhead is considered important in the context of the ongoing small cell enhancement study, and providing a low-overhead means of A/N transmission for non-adaptive PUSCH retransmissions is one key contributor to minimising the downlink control signalling overhead. 
In order to address these issues, the introduction of enhanced DL ACK/NACK transmission needs to be revisited if NCT (regardless of non-standalone or standalone) is standardised in Release 12. 
Proposal: A low-overhead means of transmitting HARQ A/N feedback in the downlink should be specified for NCT in Release 12 if NCT is included in Release 12.

3 Discussion on how to deliver low-overhead A/N transmission
Two main schemes for the enhanced low-overhead ACK/NACK transmission have been proposed:

· Alt-1: Design a new common DCI format to provide compact scheduling via EPDCCH for the retransmissions for the UL non-adaptive HARQ operation.
· Alt-2: Introduce a new physical channel dedicated for the ACK/NACK transmissions, termed EPHICH. 

Alt-1 has the advantage of smaller impact on the specification whereas Alt-2 may have better overhead performance if the PHICH design is reused as much as possible. Their respective pros and cons should be studied further. 
In the following sections we provide some initial identification of the main design issues. 
3.1 Common DCI format

A new common DCI format for low-overhead A/N transmission would be designed for transmission on EPDCCH. It would necessitate standardisation of the CSS for EPDCCH. 

For efficient operation on EPDCCH, a single instance of the new common DCI format should have a similar size to other DCI messages, i.e. around 35-70 bits. In general, a smaller overhead would be achieved by keeping the number of A/Ns per message relatively low, in order to avoid having to transmit large messages when only a few of the UEs assigned to it need A/N transmission in a given subframe. Therefore around 30 bits would seem reasonable. 
One or more common RNTIs would need to be configured in a similar way to the TPC-PUSCH-RNTI/TPC-PUCCH-RNTI. A UE would locate its A/N via the combination of RNTI and the index of a location in the DCI message. This combination could be configured explicitly and/or implicitly as discussed further below. 
3.2 New Physical Channel

A new physical channel would have the advantage of being free of the design constraints of the EPDCCH. The main advantage of this would be freedom in designing an optimal message size, similar to the concept of a PHICH group. 
Since the usage scenarios would be the same as EPDCCH, the design criteria for the new channel would be similar to EPDCCH, including in particular:

· demodulation based on DMRS;

· ability to operate with beamforming and diversity;

· ability to support frequency domain ICIC.

Clearly the specification effort involved in designing a new physical channel would be much greater than designing a new common DCI format.
3.3 General design considerations

3.3.1 Resource allocation and overhead control
The legacy PHICHs are located in the legacy control region and grouped to constitute multiple PHICH groups where different legacy PHICHs within the same PHICH group are separated through length-4 complex orthogonal Walsh sequences. The PHICH duration in terms of the number of OFDM symbols used in the time domain and the number of PHICH groups can be flexibly configured so the PHICH overhead can be adapted within a rather wide range. The PHICH resources for different configurations are shown in Table I and Table II respectively for normal CP case and extended CP case in the Annex.  
Irrespective of which alternative is selected for the low-overhead A/N transmission scheme, similar flexibility should be provided to manage the resource overhead. This should be taken into account when selecting the DCI message size in case of Alt-1, or the physical channel design in case of Alt-2. 
3.3.2 DL A/N resource indexing
For the legacy PHICH, each resource is identified by the index pair 
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is the orthogonal sequence index within the PHICH group. The index pair is determined implicitly from the index of the lowest PRB in the PUSCH, with additional offsets being applied in case of SU- or MU-MIMO. 
Irrespective of which alternative is selected for the low-overhead A/N transmission scheme, a similar kind of resource determination scheme would be needed to unambiguously locate the A/N feedback for each UL PUSCH transmission. In general, two types of indexing could be considered:

· Implicit indexing: Similar to the PHICH, an implicit linkage is constructed between the enhanced A/N and UL PUSCH transmission.  This can effectively obviate the need for extra signalling. Over-dimensioned resource reservation is needed to eliminate the resource collision. 
· Explicit indexing: Some explicit signalling indicates which A/N resource carries the response for each PUSCH transmission. Extra signalling is inevitable but flexible resource indexing is expected so resource collision could be avoided.

A combination of these two types of indexing could also be considered to achieve a tradeoff between overhead and flexibility. For example, an explicit offset could be introduced on top of the underlying implicit indexing.   
4 Conclusions

This contribution has discussed the need for the A/N enhancement for the new carrier type. We make the following proposal and observations:
Proposal: A low-overhead means of transmitting HARQ A/N feedback in the downlink should be specified for NCT in Release 12 if NCT is included in Release 12.

Observations:

· Two main alternatives are worth considering: 
· Design a new common DCI format

· This requires CSS to be specified for EPDCCH, although there are also other motivations for CSS on EPDCCH in Rel-12 so this does not seem a significant disadvantage. 

· Design a new physical channel. 
· This has a much higher specification impact than a new DCI format; its main advantage would be allowing optimisation of the message size, but it is not obvious that this advantage is worth the effort. 
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Annex

Table 1. PHICH resources for normal CP length

	System BW
	#PHICH Groups Configured (for normal CP) (12 REs per PHICH Group)

	(MHz)
	(#RBs)
	Ng=2
	Ng=1
	Ng=1/2
	Ng=1/6

	1.4
	6
	2
	1
	1
	1

	3
	15
	4
	2
	1
	1

	5
	25
	7
	4
	2
	1

	10
	50
	13
	7
	4
	2

	15
	75
	19
	10
	5
	2

	20
	100
	25
	13
	7
	3


Table 2. PHICH resources for extended CP length

	System BW
	#PHICH Groups Configured (for normal CP) (12 REs per PHICH Group)

	(MHz)
	(#RBs)
	Ng=2
	Ng=1
	Ng=1/2
	Ng=1/6

	1.4
	6
	4
	2
	2
	2

	3
	15
	8
	4
	2
	2

	5
	25
	14
	8
	4
	2

	10
	50
	26
	14
	8
	4

	15
	75
	38
	20
	10
	4

	20
	100
	50
	26
	14
	6
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