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1 Introduction 

PHICH assignment schemes as a response to uplink data have been proposed in previous meetings[1-7]. The assignment of the PHICH without explicit UE-ID signalling is beneficial in order to reduce the downlink signalling overhead. This contribution discusses three assignment methods without explicit UE-ID signalling.  

· Method 1: PHICH linked to the PDCCH (CCE index) used for UL allocation [1-4]

· Method 2: PHICH linked to UL RB used for UL data transmission [5]
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· Method 3: PHICH linked to DM RS cyclic shift index and assigned PHICH group [7]
2 Discussions 

This section discusses details of the three methods. 

Method 1: PHICH linked to the PDCCH (CCE index) used for UL allocation 

The PDCCH is composed of control channel elements (CCEs). Because the CCE aggregation size can be changed dynamically and is not informed to all UEs, the PHICH cannot be linked to the PDCCH itself, but needs to be linked to CCE indices. When CCE aggregation is used for a PDCCH, the respective PHICH is linked to one of the aggregated the aggregated CCEs (e.g. to the lowest CCE index). 

Because uplink retransmissions may not be signalled by the PDCCH, the PHICH should be also linked to the number of transmissions. A simple scheme to reduce the PHICH resources is to allocate the same PHICH resources as for the initial transmission to the retransmissions. In this case some restrictions on the CCE usage (i.e. blocking of CCE) apply in order to avoid PHICH resource collisions. However, since typically at most half of the CCEs are used for uplink assignments, the blocked CCEs can be used for downlink assignment assuming that the CCE regions for downlink and uplink assignments overlap. The blocked CCEs can be also used as a part of aggregated CCEs for uplink assignment as long as the blocked CCE is not the CCE with the lowest index of the aggregated CCEs. 

For persistent scheduling of uplink VoIP, the PHICHs need to be assigned separately, because the UEs are not signalled via PDCCH at each uplink transmission instance. The number of PHICHs for this case depends on the number of actually persistently scheduled UEs within a subframe. For VoIP UEs, the PHICH resource would be assigned to the UE when configuring the persistent allocations. 

One merit of this scheme is the configurability of the PHICH resources by the BCH. When only small number of UE is expected to be active in a cell, PHICH resource can be reduced. Note that the number of available CCEs for UL assignments is also reduced, but this would not be problem because the number of scheduled UE is expected to be small. 

The other merit is that the I/Q power imbalance, which degrades the detection performance [8], can be easily avoided. Figure 1 shows the proposed association between CCE indices and physical resources (codes and I/Q). In this figure, a tree based CCE structure is assumed. The PHICH resources are linked to the lowest CCE index in case of CCE aggregation. Ich is linked to odd CCE indices and Qch is linked to even CCE indices. As seen in Figure 1, Ich and Qch are simultaneously used only when a single CCE is assigned. For example, when CCE1 and CCE2 are assigned to different UEs, Ich and Qch of code1 is used for these UEs. However, when CCEs are aggregated (e.g. CCE1 and CCE2 is assigned to a single PDCCH), only the Ich of code1 is used. Since in general the eNodeB assigns multiple CCEs (CCE aggregation) for bad channel quality UEs to achieve sufficiently low coding rates, Ich and Qch are always assigned to good channel quality UEs at a given time. Therefore, the required transmission power to achieve a reliable detection for the Ich and Qch is very likely to be similar. 
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Figure 1 association between CCE index and PHICH resource

Method 2: PHICH linked to UL RB used for UL data transmission
In this method, the PHICH is linked to the UL RB index used for the PUSCH transmission. The required number of PHICHs, which need to be reserved, depends on the number of uplink RBs. When multiple (contiguous) RBs are allocated to a single UE, the PHICH is linked to one of the allocated RBs (e.g. lowest RB index). This scheme can handle persistent allocations and retransmission without a PDCCH in the same manner. 

In case of MU-MIMO in uplink, more PHICHs need to be reserved. Furthermore, the PHICH utilization is not efficient because only a small fraction of RBs might be used for MU-MIMO. 

To reduce the PHICH resources for MU-MIMO, it is proposed that the PHICHs are linked to the UL RB and the DM RS cyclic shift indicated on the PDCCH for UL assignments [5]. Then the DM RS cyclic shift values are used as an offset to the PHICH index associated to the lowest UL RB index assigned for a PUSCH transmission. This scheme causes a scheduler restriction on the number of allocated RBs. I.e., when M (M=1,2,4,or 8) UEs are spatially multiplexed, consecutive M RBs need to be assigned for these UEs. Then the eNodeB scheduler needs to take into account the number of available resource blocks as well as the channel condition when selecting spatially multiplexed UEs. 

In case of I/Q multiplexing, the eNodeB would need to boost up the PHICH power and compensate the degradation due to IQ power imbalance to ensure a sufficient ACK/NACK detection performance. This could cause a waste of power resources. 

Method 3: PHICH linked to DM RS cyclic shift index and assigned PHICH group

In this method, a UE is assigned to a PHICH group via L3 signaling. Each PHICH group is composed of 8 PHICHs, which is referenced by the 3 bits used for the DM RS cyclic shift on the PDCCH. 

Additionally, an UL RB based implicit assignment is used for persistently scheduled UEs and retransmission UEs which are triggered without a PDCCH. The PHICH resources for these UEs are shared with the PHICH resources of the PHICH groups. Therefore, in this method the total number of required PHICH resources to be reserved is equal to the number of UL RBs. 

There is no scheduler restriction on the resource allocation for MU-MIMO. However, a maximum of 8 UEs can be allocated in a PHICH group including retransmission UEs and persistent UEs. This could cause a scheduler restriction and could impact the uplink transmission latency. 

3 Conclusion 

This document discusses different PHICH assignment methods corresponding to the PUSCH transmission. All schemes seem to be feasible, but also cause scheduler restrictions. In case the PHICHs are linked to PDCCH (CCE index), a restriction on the PDCCH‑to‑CCE allocation occurs. In case the PHICHs are linked to the UL RBs, a restriction on the UL RB allocation in case of MU-MIMO operation occurs. Finally, in case the PHICHs are linked to the DM RS cyclic shift indices and are assigned to PHICH groups, a restriction on UE allocation within a PHICH group occurs. 

Linking the PHICHs to the CCE indices has the merit of a PHICH resource configurability. In addition, an I/Q power imbalance can be avoided by associating odd CCE indices to the Ich and even CCE indices to the Qch. 

Therefore, we prefer that the PHICHs are linked to the PDCCH (CCE index). 
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