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1. Introduction

In the RAN1#55 meeting, a CR [1] was approved to solve the problem that a certain configuration (type 2 PUSCH inter-subframe mirror hopping for
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=1) did not actually hop. In the next meeting, it was identified that other cases of type 2 hopping were similarly broken (inter-subframe subband hopping for
[image: image2.wmf]sb

N

=2, inter-subframe subband hopping for TDD Nsb>2 and inter-subframe mirror hopping for TDD 
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>1). Several possible solutions were discussed, but decision was postponed to RAN1#56. This contribution analyses the problem, and proposes a minimal fix to make type 2 Nsb > 1 hopping functional for Rel-8. The draft CR is also attached.
2. The problems in type 2 PUSCH hopping

In 36.211, type 2 subband hopping function and mirroring hopping function are defined as following. 
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where 
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Case 1: For both FDD and TDD, function 
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does not work when
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=2 in inter-subframe hopping case.
It is noted that for FDD the HARQ RTT is 8ms. For TDD UL/DL subframe configurations1,2,3,4,5, the HARQ RTT is 10ms. 

It can be found that in this case, 
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=0 when i is odd, and
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=1when i is even. Given 8ms and 10ms RTT, the initial transmission and retransmissions of the same transport block, all in the even subframes or all in the odd subframes, are always associated to the same value of 
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Case 2:For TDD with 10ms RTT, function 
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does not work when
[image: image14.wmf]sb

N

>2 in inter-subframe hopping case.

Since the pseudo-random sequence generator is initialised with 
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 at the start of each frame, in case of 10ms RTT, the initial transmission and retransmissions of the same transport block, where the same value of i is applied, are always associated to the same value of 
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.   
Case 3:For TDD with 10ms RTT, function 
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 does not work when
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>1 in inter subframe hopping case. 

Similar to case 2, the initial transmission and retransmissions of the same transport block are always associated to the same value of
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3. Solution for type 2 PUSCH hopping correction
It is proposed to make necessary correction only to minimize the impact on current specification. Thus correction to case 2 and case 3 is proposed to be applied to TDD only.

And the correction shall support synchronous hopping among different UEs, which was one of the motivations for type 2 PUSCH hopping. Following this concept, the SFN (System Frame Number)
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, which is cell-specific, is introduced as shown in the following.
The formula could be modified as:   
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Where 
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 at the start of each frame.
For Case 1 
Here 
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 is used to solve the problem. And it can be further defined that in this case, the UE may for handover purposes assume an absolute value of the relative time difference between radio frame 
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 in the current cell and the target cell of less than
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. The similar assumption has been defined in section 5.7.1 of [2] for PRACH with 20ms periodicity, which may imply the synchronization of odd and even property of SFN value. 

For case 2 and case 3
Here 
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 is introduced to solve the problem for TDD. And in this case, it can be further defined that the UE may for handover purposes assume the same value of SFN for the current cell and the target cell.

Since TDD has to achieve the subframe synchronization, the complexity of further synchronization of SFN may require less effort.

Furthermore, if SFN synchronization is not achieved, then the eNB can avoid scheduling type 2 PUSCH hopping before UE gets SFN, eg, to use type1 hopping. And the cost may be the extra scheduling signalling for retransmission and the non-availability of persistent scheduling compared to successful type 2 hopping. And this method is dependant to the implementation. 

4. Conclusions
In this contribution, problems and proposed solutions for type 2 PUSCH hopping equations were discussed. It is proposed to make necessary correction only to minimize the impact on current specification. SFN (System Frame Number) was introduced to solve the problem. And the solution to the case that SFN is temporarily unavailable on fast handover was also provided. 
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