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Introduction
In previous meetings, it has been agreed to link uplink ACK channel assignment to CCEs used for downlink grants. In [3], we propose to link PHICH to CCEs so that PHICH can be implicitly assigned from the UL grants. In this contribution, we propose the details of PHICH allocation scheme.
PHICH allocation
By linking the PHICH to CCE, the PHICH allocation is rather straightforward. Denote the number of PHICH groups as Ngroup. Each PHICH channel in a PHICH group is transmitted using a different spreading sequence, and / or on a different I/Q branch. For the sake of simplicity, we denote the index of a PHICH channel within a group as Indexsequence. We also denote the index of the PHICH group that a PHICH channel belongs to as Indexgroup. One indexing scheme is to increment the sequence index first, and then the group index, thus,

IndexPHICH = Indexgroup ( Sgroup + Indexsequence
Or, alternatively, we can index the PHICH channels by incrementing the group index first, and then the sequence index. Thus,

IndexPHICH = Indexgroup + Indexsequence ( Ngroup
These two PHICH channel indexing schemes are shown in Figure 1.
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Figure 1. Two different ACK channel indexing schemes

Since there is no fundamental difference between these two indexing schemes, we assume the indexing scheme as in Equation (1) is used, which seems more natural. 

Denote the index of the first CCE used for uplink grant as Index1st CCE; Denote the index of the DMRS cyclic shift for uplink transmission as IndexDMRS. The PHICH allocation can be determined by 

Indexgroup = Index1st CCE % Ngroup
Indexsequence = ( IndexDMRS + (Index1st CCE / Ngroup( ) % 8
The index of the PHICH is given by 

IndexPHICH = (Index1st CCE % Ngroup) ( 8 + ( IndexDMRS + (Index1st CCE / Ngroup( ) % 8
The effect of the linking scheme is shown in Figure 2.
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Figure 2. Linking PHICH to downlink CCE and uplink DMRS cyclic shift
Further considerations such as I-Q balancing can be further studied ([1]).
Proposal 1: Index the PHICH channels by first increasing the sequence index within a group, and then the group index.
Proposal 2: Link the PHICH channels to downlink CCEs.

Proposal 3: Use the index of uplink DMRS cyclic shifts to allow additional flexibility in PHICH allocation.

PHICH allocation for UL-SCH retransmissions

For UL-SCH retransmissions, if eNB does not schedule retransmission, the same IndexPHICH as in the first transmission is used, which is linked to the 1st CCE used to transmit the uplink grant for the 1st transmission. Without additional provisioning, the 1st CCE used to transmit the uplink grant for the 1st transmission cannot be used as the 1st CCE for another uplink grant with the same DMRS cyclic shift before this uplink HARQ process terminates, in which case we call that CCE “blocked”.
However, this is not a major concern for linking the PHICH to the CCE. Note that the chances of a “blocked” CCE are fairly small. In the case when uplink SDMA is not used, the 8 values of the DMRS cyclic shifts are sufficient to avoid any possible collisions.

Here we analyze the CCE “blocking” probability in the extreme case of all uplink RBs are loaded with 8 SDMA UEs for all subframes. We assume an equal number of packets are transmitted in the downlink and in the uplink. Note this assumption is already pessimistic given the typical asymmetry of downlink and uplink traffic ratio. For example, the downlink-to-uplink traffic ratio is typically 3 to 1 for web browsing. Assuming an average number of transmissions as 1.2, which is again a pessimistic assumption given the typical 10% operating point as assumed in 3GPP. Note it is only the uplink retransmissions that cause the “blocking” of some CCEs. In addition, only the 1st CCE is blocked. Note that a typical uplink grant message will be about 50 bits, including the 16-bit CRC. Assume on average 1.5 CCEs are used per uplink grant (The average spectral efficiency of the PDCCH for uplink grant is about 1 bit, roughly QPSK 1/2 code rate). So, the probability of a CCE “blocking” is 0.2 / (1.2 + 1.2) / 1.5 ( 5.5%. 
When a CCE “blocking” occurs, the CCE cannot be used to transmit an uplink grant. We also assume eNB can not use a different cyclic shift because the other cyclic shifts are also used for uplink SDMA transmissions. However, the CCE can be used for downlink grants. Without adding any constraint to the PDCCH scheduling, the scheduler randomly select CCEs for downlink or uplink grant. With the assumption that a CCE has 50% of the probability of being selected to transmit an uplink grant, the probability of  a CCE is “blocked” and is selected for uplink grant – which leads to CCE underutilization – is only 5.5% ( 0.5 < 3%. 
Proposal to handle PHICH allocation for UL-SCH retransmissions: No restriction on CCE scheduling. In the event of possible CCE blocking, use the DM RS cyclic shift as an additional offset in determining the IndexPHICH. 
Note the CCE “blocking” probability of this proposal is 0 when uplink SDMA is not used, or on average only a few UEs are multiplexed spatially. In the case all uplink RBs are loaded with 8 SDMA UEs for all subframes, this proposal incurs less than 3% PDCCH underutilization. 
PHICH allocation for persistently assigned UL-SCH transmissions

For persistently assigned UL-SCH transmissions, the corresponding PHICH channel is also persistently assigned. The PHICH channels for persistently assigned UL-SCH transmissions are explicitly assigned using higher layer signaling. The proposal for handling the PHICH allocation for UL-SCH retransmissions can also be used to handle PHICH allocation for persistently assigned UL-SCH transmissions. No additional provisioning is needed.

Conclusion
In this contribution, we propose the details of linking PHICH to downlink CCEs. Specifically, we propose the following to be adopted in PHICH allocation:

1. Index the PHICH channels by first increasing the sequence index within a group, and then the group index. 

2. Allocate PHICH based on downlink CCE index and uplink DMRS cyclic shift as follows, 

IndexPHICH = (Index1st CCE % Ngroup) ( 8 + ( IndexDMRS + (Index1st CCE / Ngroup( ) % 8
Our analysis show that the probability of CCE “blocking” event is virtually 0 for uplink without SDMA, and only occur less than 3% of the time even in the extreme case of all uplink PRBs are loaded with 8 UEs for all subframes.
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