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1. Introduction

During RAN1 #60 it has been decided that a single set of PHICH resources is available for both Rel-8 and Rel-10. Furthermore it has been re-confirmed that uplink DMRS cyclic shifts remain available as PHICH collision avoidance mechanism. For convenience conclusions reached at RAN1 #60 are repeated here [1]:

· 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

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

· Question: Is DM RS cyclic shift mechanism still not available in case of no associated PDCCH format 0 (i.e. SPS)?

· Conclusion:

· Offline discussion shall continue (status to be checked by the end of RAN1#60 week):

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

· if so, what solution

· possibilities for using DM RS CS mechanism in conjunction with SPS?
In this contribution we discuss the problem of PHICH collisions for dynamically scheduled PUSCH transmissions as well as semi-persistent scheduled PUSCH transmissions and state our preferences.
2. Discussion

2.1. Dynamically scheduled PUSCH transmissions

With the confirmation taken at the last RAN1 meeting that cyclic shifts of UL DMRS remain available as mechanism to mitigate PHICH collisions we do not see a need to specify additional mechanism for PHICH collisions avoidance.  We would like further to point out that with the working assumption of a single PHICH space shared by Rel-8 and Rel-10 the number of available PHICH resources does not increase. With the current set of formulas [3]
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to calculate PHICH resources all available PHICH resources (PHICH groups 
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. Adding an offset [4]
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[5] or a contiguous numbering of resource blocks across component carriers [6] does not reduce collisions since already all PHICH resources can be visited with today’s formulas and adding an offset does not increase the available number of resources. An offset simply changes the mapping between resource block index 
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to PHICH group 
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Proposal 1: For dynamically scheduled PUSCH transmissions no changes are needed to the PHICH assignment procedure.

2.2. Semi-persistent scheduling

The UL DMRS cyclic shift 
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 is always zero for semi-persistent scheduling reducing the PHICH resource assignment formulas to 
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PHICH sequences with higher numbers cannot be reached anymore. For example, for normal cyclic prefix and a DL bandwidth of 100 RB the maximum number of PHICH groups becomes 
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from 0 to 99 occupies only PHICH sequences 0 to 3, the upper 4 PHICH sequences are never occupied.

2.2.1 Contiguous resource block numbering across component carriers

This method suggests to number resource blocks on component carriers contiguously, i.e. on the first component carrier resource blocks are numbered from 0 to
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 resource blocks, respectively.  Let us assume for simplicity that all uplink and downlink component carriers have equal bandwidth
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. If we further assume the maximum number of PHICH groups (
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. With a contiguous resource block numbering the assigned PHICH resources wrap around after 
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resource blocks, i.e. this mechanism does not provide any mechanism to avoid PHICH collisions for more than 
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resource blocks. With a smaller number of PHICH resources the wrap around occurs already earlier.

2.2.2 Component carrier specific resource block offset

A component carrier specific offset value is added to the resource block numbering of a component carrier. With this the PHICH assignment formulas become (setting 
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for component carrier 
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. While this mechanism helps to make all PHICH resources available it modifies both PHICH group 
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 as well as PHICH sequence
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. While modification of the PHICH sequence assignment is necessary to make all PHICH resources available the modification of the PHICH group assignment formula is actually not needed since already with today’s formula all PHICH groups are available. The optimal value set for 
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could be lengthy due to its dependence on uplink and downlink bandwidths.  

2.2.3 Component carrier specific PHICH sequence offset

Instead of adding a component carrier specific offset to the resource block numbering it is proposed to add an offset to the PHICH sequence assignment. The PHICH resource assignment formulas for component carrier 
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These formulas do not modify the PHICH group assignment but only the PHICH sequence calculation. As pointed out in Section 2.2 the problem with the Rel-8 PHICH resource assignment is not the PHICH group assignment (all groups can be reached with today’s formulas) but the PHICH sequence assignment. The Rel-8 PHICH sequence assignment prevents the assignment of the higher PHICH sequences for semi-persistent scheduling. The proposed offset fixes exactly this problem by adding a component carrier specific offset 
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 to the PHICH sequence without changing the PHICH group assignment. Reasonable value sets for 
[image: image39.wmf]n

seq

PHICH

os

,

could be the sets 
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 for normal and extended cyclic prefix, respectively. In opposite to the component carrier specific resource block offset – where the “optimal” set of offset values depend on the bandwidths – the value sets of PHICH sequence offsets only depend on the cyclic prefix length. We believe that the proposed changes to the PHICH resource allocation is a very simple and avoids the potentially lengthy discussions on the exact values of the component carrier specific resource block offsets. We therefore propose

Proposal 2: For semi-persistent PUSCH transmissions modify the PHICH resource assignment according to
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i.e. add a component carrier specific offset to the PHICH sequence assignment.
3. Conclusions

In this contribution we share our view on the issue of PHICH collisions and how to avoid them. We make the following proposals:

Proposal 1: For dynamically scheduled PUSCH transmissions no changes are needed to the PHICH resource assignment procedure.
Proposal 2: For semi-persistent PUSCH transmissions modify the PHICH resource assignment procedure according to
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i.e. add a component carrier specific offset to the PHICH sequence assignment.
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