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1 Introduction 

PHICH assignment schemes as a response to uplink data have been proposed in previous meetings[1-5]. The assignment of the PHICH without explicit UE-ID signalling might be beneficial in order to reduce the downlink signalling overhead. This contribution compares two assignment methods without explicit UE-ID signalling.  

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

· Method 2: PHICH linked to UL RB used for UL data transmission

2 Details of the PHICH assignment schemes 

This section discusses further details of both methods. 

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

The PDCCH is composed of control channel elements (CCEs). The PHICH is linked to CCE indices in this method because aggregation of CCEs is dynamically changed based on e.g. allocated UE location and is not explicitly informed to all UEs, as also discussed in[6]. PHICH resource usage depends on the number of CCEs in this method. When aggregated CCEs are used for a UE, one of PHICHs linked to these CCEs is allocated to the UE. Since several CCEs are used as control channel for downlink data allocation, PHICH linked to those CCEs can be reused for PHICHs to UEs which is allocated with other CCEs for uplink. 

Because uplink retransmissions may not be signalled by the PDCCH, the PHICH should be also linked to the number of transmissions. A simple scheme is to allocate the same PHICH resources as for the initial transmission to the retransmissions although some restrictions on the CCE usage may occur to avoid PHICH resource collisions. In this scheme, the resources belonging to a CCE for UL allocation are released after the transmission of an ACK and the resources is used for another UE’s PHICH transmission in another subframe. The average usage of the resources is equal to the "the average number of scheduled UEs in a subframe" times "the average number of retransmissions". Therefore, the PHICH resource reservation can be based on the average number of CCEs used for uplink allocation and the average number of HARQ transmissions with a restriction on the usage of the CCEs.
For persistent scheduling of uplink VoIP, the PHICHs need to be configured separately when HARQ is used for those UEs, 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 at the start of each talk spurt. 

Method 2: PHICH linked to UL RB used for UL data transmission
The required amount of PHICHs, which need to be reserved, depends on the number of RBs. This amount is not affected by potential UL persistent scheduling. However, more PHICHs need to be reserved in case of MU-MIMO in uplink. Furthermore, the PHICH utilization is not efficient because only a small fraction of RBs might be used for MU-MIMO. 

When plural uplink RBs are allocated to a UE, one PHICH corresponding to the first UL RB is used. The other PHICHs are unused and can be used for power boosting of the used PHICH or other channels.   


3 Comparison and discussion 

The worst case of method 1 is the case all CCEs are used for UL grant and uplink VoIP is transmitted without UL grant, i.e. persistent scheduling. Although this is not realistic from the UL capacity perspective, we use this assumption. The worst case of method 2 is each uplink RB requires ACK/NACK signalling. We compare the efficiency in these conditions.

Table 1 shows the assumptions for a comparison of required number of reserved PHICHs. Assuming a 5MHz system bandwidth, 25 resource blocks are available. Further, assuming a CCE size of 36 REs, the maximum number of CCEs in a subframe is around 16 CCEs (~ (900 – RS_RE – PHICH_RE – PCFICH_RE)/36 = (900 – 200 – 100 – 16)/36). Moreover, the number of VoIP UEs can be up to around 300 in a 5MHz system[7]. Therefore, approximately 11 (~300*0.5*(1/20+1/160)*1.3) VoIP UEs should be managed in a subframe for the worst case. 

Table 2 shows a comparison of the required number of PHICHs to be reserved. 

For method 1, PHICHs linked to 16 CCEs and 11 VoIP UEs (i.e. total 27) are reserved. This supports the worst case where all 16 CCEs are individually used for uplink allocation.  In order to avoid a conflict of PHICH resources between initial transmission and retransmission, a restriction on the CCE usage might be needed (i.e. CCE blocking issue). However, since in most cases only around half of the CCEs are used for uplink allocation, PHICHs linked to the other half of CCEs (i.e. CCEs used for downlink allocation) can be used for ACK/NACK for retransmission. This configuration also supports the maximum VoIP UEs (i.e. 300 VoIP UEs). 

For method 2, the required number of PHICHs is 25~100, dependent on the MIMO configuration. In [3] it is proposed to reduce the PHICHs for MU-MIMO by linking the PHICHs to the UL RB and the DM RS index assigned to the UE. In this case it is required that the number of allocated UL RBs in case of MU-MIMO is equals to or larger than the number of spatially multiplexed UEs. 

Table 1 assumption for the comparison

	Parameter
	Assumption/Value

	System bandwidth
	5MHz

	Number of resource blocks
	25

	Number of CCEs
	16 (CCE size 36)

	Number of VoIP UEs per subframe
	8 

	Number of VoIP UEs in a cell
	300 [7]

	Voice activity 
	50%

	Transmission intervals
	20ms / 160ms (SIDs)

	HARQ operation point
	1.3


Table 2 comparison of required number of PHICHs to be reserved 

	Method
	Number of PHICHs

	Method 1
	27

	Method 2 (non-MIMO)
	25

	Method 2 (2-antenna MIMO)
	50

	Method 2 (4-antenna MIMO)
	100


Even though the number of PHICHs to be reserved for the worst case for method 1 is slightly larger than for method 2 in case of non-MIMO, we prefer method 1 because the number of PHICHs can be reduced according to the expected traffic conditions. In case of a small number of UEs in a cell, the eNode B can configure less PHICH resources. Furthermore, to reduce the PHICH resources for MU-MIMO in method 2 [3], a scheduler restriction on the number of allocated RBs is necessary. Especially for transmission of small data sizes with MU-MIMO, e.g. VoIP, such a restriction may not be desired. 

4 Conclusion 

This document discusses PHICH assignment methods corresponding to PUSCH transmission. We propose that the PHICHs are linked to the PDCCH (index of one of the aggregated CCEs) used for the uplink resource allocation. The CCE blocking due to the PHICH for retransmission UEs triggered without UL grant would need to be considered. If the CCE usage for DL grant and UL grant is restricted to reduce the number of blind decoding attempts, the CCE blocking might be an issue. In such case, PHICH resource for the retransmission UEs should be carefully investigated.
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