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1.1. Introduction

There are currently 3 options for DL ACK/NACK relations. The first is where DL ACK/NACK is implicitly mapped to the DL control channel element (CCE) of the uplink data transmissions [1][2]. The second option is to implicitly map DL ACK/NACK with UL data transmission VRBs [3][4][5]. And finally the last option is to explicitly signal DL ACK/NACK resource index in the uplink data transmission grants [6].
2.1. Characteristics of each PHICH index mapping schemes
In option 1 (CCE implicit mapping), we basically map a PHICH resource to each PDCCH CCE. The UL data transmission can be a synchronous non-adaptive transmission, with the possibility of scheduling the retransmission if the eNode B wanted to. This means that there will be UL data transmission which could occur without any L1/L2 control signaling transmitted to the UE. This also means that the eNode B must allocate PHICH resources to be a multiple of total number of CCEs. Assuming the maximum number of retransmission to be 4, the number of PHICH resources that needs to be assigned should be 4 times total number of CCEs in the PDCCH (4*NCCE). Also additional PHICH resources must be accommodated for persistent scheduled uplink transmission, which do not get scheduled at all using L1/L2 control signaling. The uplink scheduling grant will consist of aggregated CCEs, thus may result in some under utilization of PHICH resources. There are proposals to reduce the number of PHICH resources needed by using some scheduling restrictions, such as with UE dedicated CCE numbering [1]. It is also possible to reduce the number of PHICH resource needed by not scheduling certain UEs in a certain CCE at a certain time period (this time period is related to number of retransmissions). Since we already decided that the eNode B would inform a UE of it’s PDCCH decoding region (whether this region is physical block of CCEs or some MCS or other manor) with the combination of CCE implicit mapping, this may result in UE scheduling timing restrictions where the eNode B may not able to schedule a certain UE at a certain subframe, leading to disruption in the U-plane latency.
In option 2 (VRB implicit mapping), we map a PHICH resource to each VRB in the uplink. The number of PHICH resources required will be equal to number of VRBs available for uplink transmission (NVRB). To support uplink SDMA we may need to over provision the number of PHICH resources to have number of VRBs multiplied by maximum number of UEs that could be spatially multiplexed. If this number is 2 then the total number of PHICH resources needed would be 2*NVRB. There are proposals that could alleviate the number of required PHICH resources when supporting uplink SDMA [3][4][5] to NVRB, by restricting the minimal number of resources that are used for spatially multiplexed uplink data transmissions. Even though this results in some resource allocation restrictions, it has minimal impact on which UE to schedule. This only has scheduling impact just on the number of resources to schedule. The number of UEs that could be scheduled in the uplink (including any spatially multiplexed UEs) is basically dependent on the number of CCEs that could be used for the uplink data transmission in the PDCCH. The number of CCEs that is to be used on the uplink data transmission can be safely assumed that it is less than number of VRBs, thus even with many spatially multiplexed UEs, it is reasonable to assume that there will be UEs which will be allocated more than 1 VRBs. Taking this into account the scheduler restriction becomes minimal for the VRB implicit mapped PHICHs. Like any other option VRB implicit mapping option also has a possibility to configure the number of PHICH so that the number of PHICH does not have to be equal to UL RBs. With some scheduling allocation restriction variable number of PHICH configuration could be possible.
Option 3 is the explicit signaling of PHICH resource to use for each uplink data transmission in the uplink scheduling grant [6]. On the average this option will have the most optimal utilization of PHICH resources when compared to option 1 and option 2. Also no scheduler restriction is needed to support any kind of uplink data transmission mechanism we have available for LTE. The only drawback is that there will be constant overhead in the uplink scheduling grant.. As for the number of bits that is to be inserted in the uplink scheduling grant, this number of bits should be based on the maximum number of PHICH that could be required for any LTE deployment scenario. This could be as large as 9 bits (ceil[log2(276)]) in 20MHz system for every uplink scheduling grant, assuming the maximum number of PHICH could be the same as VRB implicit mapping scheme. Of course there could a possibility of having different number of bits for uplink scheduling grant for different number of PHICH configurations, but this should be avoided as much as possible to reduce the number of testing and options from the specification point of view.
3.1. Overhead Analysis between different PHICH index mapping schemes
Here we have compared the overhead for each option. We have based the overhead analysis based on CCE consisting of 36 RE in a 5MHz system. We also assumed that for every 2 times increase in bandwidth, 4 REs for each CCE was increased. So for example in a 10MHz system each CCE will consist of 40 REs. In the overhead analysis we have included PCFICH overhead and the 2 Tx antenna DL RS overhead into account. For the uplink we have assumed 10% overhead for the PUCCH. Also PHICH was assumed to allow I-Q multiplexing thus resulting in 8 UEs that could be multiplexed in 12 REs (SF=4 with repetition of 3).
Table 1. System Parameters and assumptions for each system bandwidth
	Bandwidth

System Parameters
	1.4MHz
	5MHz
	10MHz
	20MHz

	Number of subcarriers
	72
	300
	600
	1200

	Maximum Number of CCE
	6
	22
	40
	72

	Number of uplink VRB
	5
	23
	45
	90


We have compared CCE implicit mapping, VRB implicit mapping and explicit mapping in the follow table. 
Table 2. Overhead Comparison between different PHICH options

	Bandwidth

Option
	1.4MHz
	5MHz
	10MHz
	20MHz

	CCE implicit+
	6 PHICH
	22 PHICH
	40 PHICH
	72 PHICH

	
	12 RE
	36 RE
	60 RE
	108 RE

	CCE implicit++
	24 PHICH
	88 PHICH
	160 PHICH
	288 PHICH

	
	36 RE
	132 RE
	240 RE
	432 RE

	VRB implicit*
	5 PHICH
	23 PHICH
	45 PHICH
	90 PHICH

	
	12 RE
	36 RE
	72 RE
	144 RE

	VRB implicit**
	10 PHICH
	46 PHICH
	90 PHICH
	180 PHICH

	
	24 RE
	72 RE
	144 RE
	276 RE

	Explicit
	NA
	NA
	NA
	NA

	
	NA
	NA
	NA
	NA


+: Assuming no addition PHICH was provisioned for HARQ retransmissions and allowing UE scheduling restrictions. This does not include any extra overhead to support UE scheduling restrictions or additional mechanisms to meet the U-plane latencies.
++: Assuming maximum of 4 HARQ retransmissions. This results in no scheduling restrictions
*: Assuming uplink SDMA can be supported by restriction in minimal resource block allocations for spatially multiplexed data transmissions. This does not include any extra mechanisms to support SDMA restrictions.
**: Assuming maximum of 2 spatially multiplexed UE in the uplink. This results in no scheduling restrictions.
4.1. Conclusion
In terms of PHICH overhead, all 3 options share the same overhead for the smaller bandwidths. For the larger bandwidth such as 20 MHz, the CCE implicit (restriction) mapping shows about ~0.6% (108 RE) overhead while VRB implicit (restriction) mapping shows about ~0.8% (144RE) overhead. Both schemes show virtually no difference in overall overhead, and are both within acceptable ranges. For CCE implicit mapping to have this kind of overhead it must have some UE scheduling timing restriction and with UE specific PDCCH decoding zones this may result in sever restrictions and may also have impact on the U-plane latency. VRB implicit mapping on the other hand only impacts the minimal number of resource blocks that is allocated for only the spatially multiplexed UEs, and considering the maximum number of UE that could be scheduled in the uplink through PDCCH, this impact should be minimal. Explicit signaling could be a simple solution in terms of complexity and restrictions that could be imposed on the eNode B scheduler, but is costly in overhead since this requires X number of bits in every UL scheduling grant. Depending on the outcome of the PDCCH format discussion, the uplink scheduling grant may have enough room for additional 4 to 9 bits. If that is the case then option 3 could be the best solution out of the options above. At the current status we see no need to have this extra overhead in the uplink scheduling grant, and we have other options that could solve most of the PHICH index indication without any signaling. 
Overall, we prefer VRB implicit mapping over other options because this option seem most sensible in terms of overhead and other scheduling restrictions that would be imposed.
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