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1 Introduction
In RAN#47, the multi-user MIMO (MU-MIMO) work item was agreed [1]. The MU-MIMO technique for both E-DCH and HS-DSCH can further improve the spectral efficiency by allowing UEs to share the same channelization codes and use different midamble shifts. 

It was agreed as RAN1’s working assumption that E-HICH signature sequence allocation mechanism shall be optimized to allow the signature sequences for the UEs sharing the same channelization codes to be mapped on the same E-HICH. In this contribution, we discuss the optimization of E-HICH signature sequence allocation mechanism.

2 Discussion
2.1 Problem
In HSUPA, HARQ acknowledgement indicators for multiple users can be carried on the same E-HICH using different signature sequences. These signature sequences are orthogonal and selected from the orthogonal matrix of order 80. For scheduled E-DCH transmission, the selection of signature sequence depends on the granted E-PUCH resources.

The resource units (RUs) are numbered in terms of timeslot and code as illustrated in Figure 1.
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Figure 1 Resource unit numbering
A logical allocation resource tag ID “r” (r=0, 1, 2,…, 79) is calculated according to the granted E-PUCH resources using the equation below.
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where:

t0 is the last (highest-numbered) allocated timeslot (1,2,..,5)

q0 is the lowest-numbered channelization code index allocated in timeslot t0 (1,2,…, Q0)

Q0 is the spreading factor of the lowest-numbered channelization code index allocated in timeslot t0
Then, the randomization operation is applied to map the logical resource tag ID r to a physical allocation resource tag ID r',
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where P is a permutation function depends on the logical signature index r, system sub-frame number SFN’ of E-HICH and the cell specific basic midamble code sequence. 
The binary orthogonal sequence (C80,r’,n) is selected from the orthogonal matrix of order 80 to carry the HARQ acknowledgement.
After the introduction of MU-MIMO, the same channelization codes are granted to up to 4 UEs to improve the spectral efficiency. It can be seen that the UEs sharing the same channelization codes will select the same signature sequence for HARQ acknowledgment indicator feedback. In order to signal the feedbacks to the UEs respectively, the HARQ acknowledgment indicator feedbacks must be carried on different E-HICHs so that the number of E-HICHs shall be increased to at least 4. This will cause significant waste of system resources.
2.2 Solution
In order to solve the problem mentioned above, it is necessary to optimize E-HICH signature sequence allocation mechanism. The co-scheduled UEs sharing the same channelization codes use different midamble shifts in order to make it feasible for the Node B to distinguish each UE’s channel estimation. Node B is responsible to allocate different midamble shifts to the co-scheduled UEs and signal different midamble patterns via E-AGCH to the co-scheduled UEs.
Furthermore, since the same channelization codes and different midamble shifts are granted to the co-scheduled UEs, the granted E-PUCH resources are larger or equal to N equivalent SF16 codes where N equals the number of co-scheduled UEs. 
Therefore, it is proposed that the signature sequences for the co-scheduled UEs are decided based on the E-PUCH resources and midamble pattern signaled on E-AGCH. 
· The logical resource tag ID “r” equals r+offset, where 
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 and offset is decided according to the midamble pattern signaled on E-AGCH. 
The mapping between offset and midamble pattern can be predefined or pre-configured by RRC signaling.
· The mapping from logical resource tag ID to physical allocation resource tag ID remains unchanged.
Proposal 1: In MU-MIMO, the logical resource tag ID of E-HICH signature sequence is r+offset, where 
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and offset is associated with the midamble pattern signaled on E-AGCH.
Proposal2: The mapping between offset and midamble pattern can be predefined or pre-configured by RRC signaling.
Proposal3: In MU-MIMO, The mapping from logical resource tag ID to physical allocation resource tag ID remains unchanged.
3 Conclusion

Based on our analysis, we propose: 
Proposal 1: In MU-MIMO, the logical resource tag ID of E-HICH signature sequence is r+offset, where 
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and offset is associated with the midamble pattern signaled on E-AGCH.
Proposal2: The mapping between offset and midamble pattern can be predefined or pre-configured by RRC signaling.
Proposal3: In MU-MIMO, The mapping from logical resource tag ID to physical allocation resource tag ID remains unchanged.
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