
3GPP TSG RAN WG1 Meeting #53bis










R1-082306
Warsaw, Poland, June 30 – July 4, 2008

Agenda item:
6.1
Source: 
Samsung 

Title: 





Implicit CCE to uplink ACK/NACK mapping in TDD
Document for:
Discussion and decision

1 Introduction

In TDD configuration 1~5, there are more downlink sub-frames than uplink sub-frames, hence an uplink sub-frame may have to carry ACK/NACKs for multiple downlink sub-frames. 

There are some discussion in the past RAN1 meetings [1][2][3][4][5]. In this document, we provide our further views on designing the exact mapping rule.

2 Available solutions
In [3], “localized” mapping method was proposed.
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Figure 1: Localized mapping

In [1], “distributed” mapping method was proposed.
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Figure 2: Interleaved mapping

In [5], “Block interleaved” mapping method was proposed, which was claimed to be beneficial since it further accumulated unused PUCCH ACK/NACK RBs on considering the different maximum PCFICH values for normal downlink subframe and DwPTS. 

[image: image3]
Figure 3: Block interleaved mapping
3 Analysis on “block-interleaved” mapping method
In the block interleaved mapping in Figure 3, it is implicitly assumed that all subframes in a bundling window have the same number of CCE for each PCFICH value. However, the exact number of CCE for a PCFICH value is subject to whether PHICH will be transmitted in a subframe, since PHICH will occupy some REs too. Generally, the number of CCE of a subframe with PHICH is less than that without PHICH. A possible solution is to use the maximum number of CCE for a PCFICH value in all subframes in the bundling window as the boundary for CCE block division. Denoting the division boundary value as {N0 N1 N2 N3}, then N0 is fixed to 0; N1 is maximum number of CCE for first PCFICH value; N2 is maximum number of CCE for second PCFICH value; N3 is maximum number of CCE for third PCFICH value.
With this modified approach, however, if we follow the formula method in [5], it still results in two sets of unused ACK/NACK incontinuous to each other. As is shown in Figure 4, let 4 subframes form a bundling window, 2 of them are normal subframes without PHICH, one is DwPTS and the last one is normal subframe with PHICH. The above mentioned problem exists when PCFICH=2 or 1 for all the subframes in bundling windows. The first set of unused ACK/NACK happens due to subframes with PHICH having less number of CCE, and the number of unused ACK/NACK could be as much as 8 or 9 for a 20MHz system; while the 2nd set of unused ACK/NACK is caused by PCFICH value smaller than 3. If the 2 sets of unused ACK/NACKs are continuous, it’s much likely one more PUCCH RB could be saved, especially for extended CP structures where only 8 ACK/NACK channels are available per PUCCH RB. 
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Figure 4: two sets of unused ACK/NACKs
Another issue found is that for narrow BW, we’ve agree on PCFICH value 2, 3 and 4. Taking into account the decision that only value 1 and 2 are possible in DwPTS, we can conclude that only PCFICH value 2 is supported for DwPTS in narrow BW. As is shown in Figure 5(a), with the modified approach and the formula method given in [5], there are some unused ACK/NACKs which are not in the last part of ACK/NACKs. The unused ACK/NACKs are caused by the absence of PCFICH value 3 in DwPTS. Again, if the unused ACK/NACKs are in the last part, it’s much likely one more PUCCH RB could be saved, especially for extended CP structure.
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Figure 5: unused ACK/NACKs for narrow BW
4 Proposed algorithm for “block interleaved” mapping
Based on the discussion in section 3, even with the modified approach, there are still some drawbacks following the formula method in [5]. Hence in this section, we discuss an algorithm to resolve them.  Some basic points are:
· To avoid the problem shown in Figure 5 for narrow BW, we have to change the formula for CCE to ACK/NACK mapping for CCE block corresponding to PCFICH value larger than 2. 
· To avoid the problem shown in Figure 4, we have to index the subframe with PHICH as the last subframe in the bundling window. 

Currently, based on downlink/uplink HARQ timing defined in [6][7], the subframe with PHICH are always in the last part of a bundling window, that is to say the above bullet 2 could be simply done by indexing subframes in a bundling window according to their time order. 
Denoting Nn as the maximum number of CCE for the nth PCFICH value in all subframes in the bundling window, for a CCE index 
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,  it is proposed that the mapped ACK/NACK index is determined based on the procedure: 
Determine n satisfying 
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End if

Else
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Endif 
Where, 
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 is the number of possible PCFICH values in DwPTS, d is the subframe index in the bundling window according to their time order, and d’ is the subframe index in the bundling window according to their time order when DwPTS is excluded. 
4.1 ACK/NACK reduction
If ACK/NACK reduction is needed, we may restrict that one ACK/NACK is linked to every kth CCE as is proposed in [5], e.g. if k equals 2, only the even numbered CCEs have the linked ACK/NACK indexes. 
The procedure for CCE to ACK/NACK mapping is: 
Determine n satisfying 
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Else
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Endif 
Where, k=1,2,4,8. 
5 Conclusion

Based on analysis in section 3, the formula method in [5] has some drawbacks in some cases, and the approach in section 4 could solve the issues, hence it is proposed to agree on the approach in section 4.
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