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1.1. Introduction

There are currently 4 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]. The third option is to explicitly signal DL ACK/NACK resource index in the uplink data transmission grants [5]. And finally the last option is to semi-statically assign each UE to a PHICH group, where each PHICH group may consist of up to 8 PHICH and dynamically assign which PHICH to use out of the assigned PHICH group in each scheduling by use of uplink DM reference signaling [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 uplink transmission 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. It is possible by implementation choice to to alleviate the number of required PHICH resources when supporting uplink SDMA [3][4] 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. In SDMA scenarios, as the uplink DM RS cyclic shift value must be transmitted as part of the scheduling grant in case of SDMA (working assumption), we can utilize this DM RS cyclic shift values to figure out which PHICH resources each UE is expected to receive ACK/NACK from. As for non-SDMA scenarios we may have DM RS cyclic shift value signaled or not, and has no impact on PHICH mapping relations. This results in a SDMA transparent operation in PHICH mapping relation.

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.
When number of PHICH resources is smaller than the number of VRBs, one simple solution is to map the PHICH resources to every Mth uplink resource blocks. This sounds reasonable considering the fact that the UL-SCH transmissions are always transmitted in consecutive resource blocks. Once a certain UE has taken up a resource PHICH resource assigned to that RB can not be used in other UEs, unless the different UE are spatially multiplexed. Additional flexibility of choosing a PHICH resource index even if the resource block index is fixed can be given by the DM RS cyclic shift value. The DM RS cyclic shift value can be thought as a form of the PHICH resource index offset value. So in the end the UE will interprete the PHICH resource index value with the uplink RB index and possibly DM RS cyclic shift value.
[image: image1.emf]I

ACK/NACK

I

RB

1

2 3 4 5 6 7 8 9 10 11 12

1 2 3 4 5 6

I

ACK/NACK

I

RB

1

2 3 4 5 6 7 8 9 10 11 12

1 2 3 4 5 6


Figure 1. Example mapping relation between RB index (IRB) and PHICH index (IACK/NACK)
Option 3 is the explicit signaling of PHICH resource to use for each uplink data transmission in the uplink scheduling grant [5]. 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.

Option 4 is the combination of explicit signaling and semi-static configuration of PHICH assignments. Each UE is assigned to a PHICH group semi-statically. Each PHICH group consists up to 8 PHICHs. Option 4 utilizes the uplink DM RS cyclic shift information to signal which of the PHICH UE should expect to receive DL ACK/NACK out of 8 PHICH in the PHICH group which the UE is assigned to. In principle this option only needs to configure the PHICHs equal to the number of UE currently active in a cell, but this also means that for any active UE a PHICH group must be assigned and PHICH should be configured so that it is available in any subframe. Of course there a possibility to assign more than 8 UEs to a single PHICH group (when the a single PHICH group can support up to 8 PHICHs), but this means that a given time only 8 UEs in the PHICH group can be scheduled, and this may have impact on the uplink transmission latency. Even there may be few scheduled UE in a subframe, for example 10 or 15, it will be impossible to guarantee that no more than 8 of those UE will belong to a same PHICH group. This is even more so when persistent scheduled UE also shares part of the PHICH resources that belongs to a certain PHICH group. In order to avoid any scheduling restrictions the eNode B should allocate a single PHICH resource to each UE. 
In our view, a scheme that may create any disturbance in the uplink transmission latency and scheduling restriction is not desirable. This scheduling restriction is further imposed when looking at deployment scenarios where 3 cells belong to a single eNode B and each cell happened to have the same uplink DM RS root index group. In this kind of deployment scenario each cell will use different uplink DM RS cyclic shift to keep the orthogonality between UE from different cells. This can be done since all cells are managed by the same eNode B. In this case there will be severe restrictions on UE scheduling since effectively all UEs from different cells will be somehow tied and interrelated to the uplink DM RS cyclic shift values.

3.1. PHICH resource overhead between different index mapping schemes
During the #51 Meeting in Jeju, we have decided that there is 2 bits available in the PBCH for PHICH configuration, resulting in 4 different PHICH assignment overheads. This configuration will not depend on the exact PHICH mapping scheme, rather it will depend on system bandwidth, load, and other system specific factors. As a consequence the difference between PHICH mapping schemes in terms overhead is non-existent.
4.1. Conclusion
In terms of PHICH overhead, all 4 options have same overhead due to recent decisions regarding PHICH configurations. CCE implicit mapping primarily causes problems in the uplink transmission due to non-signaled synchronous non-adaptive re-transmissions. VRB implicit mapping only seems to impact 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. 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. Option 4 also can be seen as effective way to reduce PHICH overhead, but at cost of scheduling restrictions it may impose. This option also may have impact on the uplink transmission latency issues, which is very undesirable. When no scheduling restriction is being imposed for option 4, this in the end means allocating a PHICH channel for every active UE in the cell, and this may be even more excessive in terms of PHICH overhead than any other option mentioned above.
Overall, we prefer VRB implicit mapping over other options because this option seem to be straight forward, clean and sensible in terms of scheduling restrictions that would be imposed (i.e. restrictions leading to uplink transmission latency problems).
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