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1 Introduction
In RAN1#58bis the following conclusions on PHICH were agreed:

· Re-use PHICH physical transmission aspects from Rel-8 (orthogonal code design, modulation, scrambling sequence, mapping to REs

· PHICH transmitted only on the DL CC that was used to transmit the UL grant

· PHICH resource mapping rules:

· For 1:1 or many:1 mapping between DL and UL without CIF:

· Reuse Rel-8 mapping

Following of the topics were left for FFS:

· PHICH resource mapping rules:

· Question whether to have a single PHICH resource or separate resources?

· i.e. is the PHICH resource size seen by a Rel-8 UE the same as the PHICH resource size seen by an LTE-A UE?

· For 1:many DL:UL mapping case, or case with CIF, how to take the carrier into account:

· Use existing CS mechanism?

· Carrier specific offset?

· Serial numbering of UL carriers?

In this contribution, we focus on the case of 1 DL to many UL carriers or with cross scheduling. Especially on the issues about UL/DL CC configuration with extension carriers, we show the elaborate consideration and our preferences.

2 Discussion

2.1 Further consideration on the case of 1 DL to many UL CCs

Many contributions have mentioned the sufficient aspects of PHICH resources considering many systematic points such as relationships between PCCH resources and PHICH resources [1-3]. Even if PHICH resources are divided into LTE system and LTE-A system according to the service type of UEs, it may not strongly affect on the available PDCCH resources and do the actual reserved PHICH resources [3]. Basically, in case of only one DL carrier with smaller bandwidth linked with multiple UL carriers, total amount of PHICH resources could be scarce to accommodate all the UL transmission for all UEs. In addition, some contributions have pointed out the slim chance that the total amount of PHICH resources required by UL transmission would exceed the capacity of PHICH resources defined in Rel-8 [1-3]. On the view point of this assumption, an eNB has simply only to increase available PHICH resources in proportion to the approved number of UL transmissions. However, abovementioned way to allocate the PHICH resources can lead to make worse the efficiency of utilizing control region and even the shortage of PHICH resources cased by the limitation of control region. Therefore, it could not be a fixed fact that PHICH resource already defined in Rel-8 is always abundant. In order to take a close look at main factors incurring shortage problem and the efficiency decrease of PHICH resources, following matters are need to consider.
· Asymmetric CC configuration (1 DL CC and multiple UL CCs)
· As illustrated in Fig. 1, there will be only 1 DL CC in the DL CC set. In this situation, 1 DL CC should accommodate all the PDCCHs UL CCs and even PHICH resources to transmit ACK/NACK corresponding on PUSCH transmissions to eNB. In this case, the scarcity of control region can occur and it is connected to PHICH resource limitation, which would not enable eNB to cater their ACK/NACK message to some UEs through the reserved PHICH resources. 
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Figure 1 illustration of control region shortage depending on specific CC-configuration

· PHICH resources division considering some aspects

· Consideration points: LTE and LTE-A region, based on UL CC and so on.
· For example, some UL CCs can only use the LTE-A accessible PHICH resource, even though the Rel-8 compatible PHICH resource is not fully utilized, which reduces the PHICH resource efficiency [2]. Further more, if load-balance is cracked awfully, one part of pre-defined PHICH resource, ‘LTE or LTE-A resources’, could be consumed entirely without dynamic scheduling support. Therefore, PHICH resource shortage problem is not away from actual communication environment.
· PHICH resource collision problem in uplink MU-MIMO

· Potential PHICH resource collision already exists in LTE Rel-8 in case of uplink MU-MIMO [2]. The existing approach to resolve this problem is to allocate different DMRS cyclic shift between multiple UEs. However, the arbitrary or offset-based DMRS cyclic shift indicating may limit the PHICH resource utilization, because the group number and orthogonal sequence index of PHICH resources are decided by DMRS cyclic shift and the lowest PRB index in the first slot of the corresponding PUSCH transmission [4]
So to improve the efficiency of PHICH resource utilization and to prevent the PHICH resource shortage problem can be seen as proper approach.

2.2 Considerations on ACK/NACK Bundling and Multiplexing

One idea of efficiency utilization about limited PHICH resource is to use ACK/NACK bundling among UL CCs performing PUSCH transmission. The decrease of PHICH resource means the increase of available CCE and PDCCH allocation field. In that, reducing the number of PHICH resources in the control region could not impact the PHICH capacity, but rather limit the number of UEs potentially being scheduled. As the other way of utilization about limited PHICH resource, we need to carefully take a look at ACK/NACK multiplexing between UL CCs.
· In option 1, all ACK/NACK are transmitted by bundling method, which improves the efficiency of PHICH resource utilization. However the performance will decrease compared with separated PHICH transmission mechanism.
· In option 2, all ACK/NACK are multiplexed into one PHICH resource, but UE can distinguish from which UL CC transmits ACK/NACK through the reserved PHICH resource by utilizing the semi-static field in corresponding DCI format. This method also expects the increase of efficiency o f PHICH resource utilization, but applicable case will be limited in actual communication.
ACK/NACK bundling between UL CCs
In ACK/NACK bundling, if at least one NACK occurs among associated UL CCs, eNB makes a simplification of ACK/NACK message as NACK being transmitted to a UE as shown in Table 1. This method could improve the efficient utilization of PHICH resource since the required PHICH resources per UL CC is just one used to cater the ACK/NACK message. However, considering the channel or link quality difference between UL CC caused by the propagation characteristics, the bundling method does not keep seen as the smart way. In this point, we make sure that all the component carriers in the UL CCs are not always contiguous each other. For example, even if the PUSCH of one UL CC is always correctly transmitted to eNB and the PUSCHs of other UL CCs indicate NACK caused by its own low channel quality, eNB can not but send the NACK message to the target UE. Therefore, this ACK/NACK bundling scheme could cause capacity loss by frequent re-transmission and if applicable, we should consider the performance difference between associated UL CCs
Table 1. The example of ACK/NACK bundling
	UL CC index
	ACK/NACK per CC
	Bundled one
	ACK/NACK per CC
	Bundled one

	CC1
	ACK
	NACK
	NACK
	NACK
	ACK
	ACK

	CC2
	NACK
	ACK
	NACK
	
	
	


ACK/NACK multiplexing between UL CCs
To apply the ACK/NACK multiplexing scheme, we need some assumptions about UL transmission in carrier aggregation. However, in the scheme, the performance difference caused by non-contiguousness between UL CCs can be ignored since UE is able to know which UL CC send the ACK message or NACK message. As above-mentioned, this scheme needs some assumption as following:
· Within a given period of time for PUSCH transmission, we assume that UL CC configuration and allocated PUSCH resource per each UL CC do not change abruptly for retaining consistency.
· Under the above assumption, some semi-static fields in DCI format 0 taking charge of UL resource allocation make be utilized as different purpose.

· For instance, if 3-bit DMRS cyclic field is semi-static within a given time, the UEs save it when received the first DCI format 0 and then, that field could be utilized as an indicator of ACK/NACK.
·  The semi-static field takes an indicator role for which UL CC transmit ACK message or NACK message within a given time.
· Obviously some restrictions are premise. One of them is that selected field in DCI format 0 would be cell-specific or semi-static within a given time.
· The semi-static field is updated over the defined period.

· ‘Semi-static’ does not mean unchangeable but keeps the constant value in defined time period.
· For example if at least ACK is generated from PUSCH transmission, a eNB transmits ACK message as Table 2 and a target UE can interpret which CC send the ACK message by using indicator
Table 2. The example of ACK/NACK multiplexing
	UL CC index
	ACK/NACK per CC
	Multiplexed one
	ACK/NACK per CC
	Multiplexed one

	CC1
	ACK
	NACK
	ACK
	ACK
	NACK
	NACK

	CC2
	NACK
	ACK
	ACK
	
	
	


3 Conclusions

In this contribution, we make the observation on the efficient way of utilizing PHICH resources defined for Rel-8 about the case that one DL component carrier is associated with multiple UL component carriers. Two methods are basically considered as the alternatives, but any one of them is restricted in order to apply the actual ACK/NACK transmission corresponding PUSCH transmission in carrier aggregation environment. This contribution does not take into account SU-MIMO but we can easily expect that PHICH resource limitation will be further worse in actual communication and the efficiency decrease of PHICH resource utilization will be potential concern Consequently we carefully prefer the option 2 for efficient utilization for both limited PHICH resource and control region.
· In option 2, all ACK/NACK are multiplexed into one PHICH resource but UE can distinguish which UL CC transmits ACK/NACK through the reserved PHICH resource by utilizing the semi-static field in corresponding DCI formats. This method also expects the increase of efficiency o f PHICH resource utilization, but applicable case will be limited in actual data transmission.
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