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1. Introduction
In RAN1#60, following agreements were reached related to PHICH:
· Working assumption to be confirmed at RAN1#60bis if no fundamental problem identified

· Single set of PHICH resources shared by all UEs (Rel-8 to Rel-10)

· Agreement

· DMRS cyclic shift mechanism remains available and can be used to reduce collision probability

Following issues were left FFS:

· Whether an additional standardised mechanism for handling PHICH collisions is needed

· If so, what solution

· Possibilities for using DMRS CS mechanism in conjunction with SPS?
This contribute discusses the above issues and gives our preference. It should be noted that PHICH indexing for UL MCW is not discussed in this contribution. 
2. Discussion

2.1. Dynamic transmissions
For dynamic transmissions, DMRS cyclic shift mechanism is available as agreed in RAN1#60. The question is whether additional mechanisms are needed. One important fact is that PHICH is generally power limited instead of resource limited. For example, [1] reported that more than 50 PHICHs are required for only 16 UEs, which implies that PHICH load (the ratio between PHICHs used to PHICHs configured) is smaller than 32%. With this assumption, when cross-carrier scheduling is used, the total number of UEs across all the UL CCs scheduled by one DL CC should be constrained such that the PHICH load should not be increased. With this constraint, from PHICH collision probability point of view, there will be little difference between Rel-8/9 single carrier case and Rel-10 CA case since the maximum number of UEs scheduled by any given DL CC should be similar. Therefore it is proposed that no additional standardized mechanism is needed to handle PHICH collision.
In Annex A, we provide quantitative results of PHICH collision probability for Rel-8, as a reference.
2.2. SPS
For Rel-8 SPS, CS of DMRS is always set to 0; therefore the DMRS CS mechanism is not applicable for SPS. However it is highly unlikely that the number of cross-scheduled SPS transmissions in Rel-10 would be significantly larger than the number of SPS transmissions in Rel-8 on any given CC, considering the following facts:

· RAN2 in Rel-10 excludes the case of having more configured UL CCs than configured DL CCs
· RAN2 also agreed that SPS is transmitted in PCC only [2]
· SPS is typically symmetric in DL and UL
Therefore there is no need to specify additional mechanisms to support SPS for cross-carrier scheduling in Rel-10.
3. Conclusions

In this contribution, we discussed PHICH collision issue for carrier aggregation. Based on the discussions we propose the following:
· There is no need to specify additional mechanisms to handle PHICH collision issue, either for dynamic transmissions or SPS transmissions.
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Annex A 
Simulation results for PHICH collision
In this section, we provide quantitative results of PHICH collision probability for Rel-8. The results would be similar for Rel-10 with cross-carrier scheduling, with the PHICH load constraint discussed in section 2.

The simulation methodology is as follows. After eNodeB makes scheduling decisions about resources and UL DMRS cyclic shifts, it has to check whether there is any collision of relevant PHICH resources. If there is any collision, the scheduler has to adjust DMRS cyclic shifts to avoid the collision. However, when the PHICH load is high, there is the possibility that no matter how DMRS cyclic shifts are adjusted, collision cannot be avoided (Annex B illustrates the example algorithm about how to determine this). When such case occurs, scheduler has to adjust PUSCH resource, which would impact the system performance since the original scheduling decision has to be altered. In the following simulation results, “successful allocation” denotes the case that there is no need for the scheduler to alter the original scheduling decision. Note that Pr{successful allocation} = 1 – Pr{PHICH collision}.
We will use a simplified numerical simulation model to study PHICH collision issue. The model is simple in the sense that no actual system simulation is performed. For a given UE, a random draw with uniform distribution over the available PRB indexes for PUSCH (e.g. for 20 MHz system bandwidth and 10% PUCCH overhead in frequency domain, available PRB indexes for PUSCH is 5..94) is performed to determine its lowest PRB index. With all the UEs have their lowest PRB indexes assigned, we then determine whether a successful allocation can be performed or not (using algorithm in Annex B). Note that there is no restriction that lowest PRB index should be distinctive, so MU-MIMO can occur in the simulation, which is similar as cross-carrier scheduling case. Although the simulation model is simple, it can give insight on PHICH collision probability. 
The following assumptions were used in the simulation.

Table 1 Simulation Assumptions
	Parameter
	Value
	Explanation
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	Assuming 10% RBs used for PUCCH
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Simulation results are shown in Figure 1 below. If we accept >=99% successful allocation as acceptable, we can see that for
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, PHICH collision becomes an issue when PHICH load > 60%; while for
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, PHICH collision is an issue when PHICH load > 40%. Assuming that PHICH load should be less than 32% as discussed in section 2, current DMRS cyclic shift mechanism is sufficient to handle PHICH collision.
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Figure 2 Simulation Results
Annex B 
Algorithm to determine successful allocation
To determine whether there are combinations of UL DMRS cyclic shift values to avoid PHICH collisions, Hopcroft-Karp algorithm (http://en.wikipedia.org/wiki/Hopcroft-Karp_algorithm) could be used. Note that other algorithms also exit, but current discussion is focused on this algorithm. Algorithm discussed here is for reference only since it is purely an implementation issue.

Assume the total number of PHICHs for allocation is Nalloc, construct a bipartitie graph (http://en.wikipedia.org/wiki/Bipartite_graph) (U,V,E) with two disjoint sets U and V, and edges E
· U contains all the PHICHs for allocation with size of Nalloc 
· V contains all the legal absolute PHICH index values, e.g. from index pair
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, the absolute index can be calculate as 
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· E associates each value in U with 8 (number of total UL DMRS cyclic shifts) values in V.
Hopcroft-Karp algorithm produces a maximum-cardinality matching of this bipartitie graph.

· If the cardinality of the matching equals Nalloc, the result is the solution to assign UL DMRS cyclic shift values.

· Otherwise, there is no solution; so scheduler has to alter its scheduling decision to avoid PHICH collision.
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