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1. Introduction

This contribution proposes a PHICH assignment method for persistently and dynamically scheduled UEs as well as providing an efficient method of unambiguously assigning PHICH to MU-MIMO UEs.
2. PHICH Groups & 3-bit Cyclic Shift Index (CSI)
From RAN1 #50 in Athens it was agreed that each PHICH group of 4 or 8 PHICH would be formed from 3 mini-CCEs.  Such PHICH groups can be assigned to UEs at call setup via layer 3 signaling.  Also from Athens it was decided that the scheduling grant can include a 3-bit cyclic shift index (CSI) for indicating the cyclic shift a UE is to use for its demodulation RS transmissions (It is FFS whether CSI is always indicated).  This is necessary for MU-MIMO RS transmissions to guarantee orthogonality between MU-MIMO users multiplexed on the same uplink time frequency resource.  It is then also possible to use the CSI to assign a UEs PHICH from its assigned PHICH group (see Figure 1) so as to avoid ambiguous PHICH assignments for MU-MIMO UEs multiplexed on the same time frequency resource.
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Figure 1 – Resource Block Implicit Pointing and DM RS Cyclic Shift Pointing to PHICH Assignment

Figure 1 also shows resource block based implicit PHICH pointing for persistently scheduled UEs or for UE transmissions with no valid scheduling grant (e.g. non-adaptive retransmissions) or for UE transmission with no CSI in the scheduling grant.  Alternatively, for non-adaptive retransmissions it would be possible to use the PHICH indicated by the CSI of the first packet transmission – the scheduler cannot reassign the CSI value until packet transmission completed. For the case when the CSI is not indicated in the scheduling grant, the CSI can be inferred from the actual/default cyclic shift value used for on the RS symbol in either slot 0 or slot 1.
The resource block PHICH pointers can be defined over the PUSCH RBs excluding the PUCCH resources as shown in Figure 1.  When PUCCH resources are reconfigured then the PHICH RB based mapping would change.
In Figure 1 it is possible to eliminate PHICH Group 3 and have the first four PHICH of PHICH Group 1 map to RBs 3,4,5,6 and last four PHICH of PHICH Group 1 map to RBs 20,21,22,23 given fewer persistently scheduled UEs.  CSI would also be used to assign PHICH in each PHICH group.
All PHICH Groups can support both RB implicit pointing and CSI based pointing.  It is up to the scheduler to avoid PHICH assignment ambiguity which is quite easy since scheduler makes all the assignments.
The PHICH assignment approach described minimizes the number of PHICH needed in a cell and avoids duplicating resources that some PHICH MU-MIMO proposals require [1][2].  No minimum resource allocation constraint is needed to avoid PHICH allocation ambiguity for a MU-MIMO allocation [1][2].  Also no dynamic switching between adaptive and non-adaptive HARQ is required [5].
Example: Up to 6 out of 100 UEs are at times dynamically scheduled to perform FTP uploads or for feeding back TCP ACK/NACKs for a downlink web browsing service and 8 UEs are persistently scheduled for their respective VoIP service each requiring 2 RBs.  All 100 UEs can be assigned to PHICH Group 1 and the VoIP UEs will be assigned to RBs at the edge of the band which implicitly map to PHICH in PHICH Groups 2 and 3.  Note it is also possible to assign some of the 100 UEs to Groups 2 and 3.
For a distributed assignment where two UEs hop between first and second resource block of two resource block pairs then the UE assigned to the first resource block in the top most allocated RB pair uses the top most allocated RB as its implicit PHICH RB pointer and the UE assigned to the first resource block in the bottom most resource block pair uses the bottom most allocated RB as its implicit PHICH RB pointer.  Of course if CSI is indicated in the scheduling grant then CSI can be used to determine the PHICH to use in the assigned PHICH group.
3. Conclusions

It is proposed that each UE is assigned at call setup or via layer 3 signaling to a PHICH group where each PHICH group is composed of 3 mini-CCEs. Also proposed is that PHICH assignments for UE transmissions with a valid grant be determined by the 3-bit cyclic shift indicator if included  in each scheduling grant.  For persistently scheduled UEs or UE transmissions without a valid grant (this could include non-adaptive retransmissions) or for UE transmission with no CSI in the scheduling grant it is proposed that resource block based pointing be used.  Hence, both cyclic shift indicator pointing and resource block based pointing are used.  The scheduler chooses the 3-bit CSI to avoid PHICH assignment ambiguity especially in the case of MU-MIMO.
Given the proposed PHICH assignment methodology the following observations apply - 
· Cyclic Shift indicator in UL SG indicates PHICH assignment from assigned PHICH group
· For UE transmissions with a valid scheduling grant (dynamically scheduled)

· Enables only configuring as many PHICH as UEs in LTE Active state for a given cell

· Scheduler sets CSI to indicate UE PHICH assignment from designated PHICH group
· #PHICH < #Available data RBs is efficiently handled

· MU-MIMO PHICH assignment ambiguity is avoided.
· No minimum MU-MIMO resource allocation restriction needed.
· No dynamic switching between adaptive and non-adaptive HARQ required
· All PHICH allocable even when #PHICH > #available data RBs (e.g. MU-MIMO)

· Resource Block based implicit pointing is also used for PHICH assignment

· For UE transmissions without a valid scheduling grant

· For persistently scheduled UE transmissions

· For DVRB Nd=2 the UE assigned to the first symbol is mapped to the first RB of the allocation and the UE assigned to second symbol is mapped to the last RB of the allocation for determining the implicit PHICH RB pointers.
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