Page 1

3GPP TSG-RAN WG1 #53bis

















R1-082547
June 30th – July 4th, 2008

Warsaw, Poland
Agenda item:
6.1
Source: 
Qualcomm Europe

Title: 
Mapping of resources for UL ACK in TDD 
Document for:
Discussion and Decision
1
Introduction
In RAN1 #52, the following agreement has been reached:
· Support of multiple ACKs on UL could be done in the following two ways:

· Single ACK/NAK feedback – bundling of multiple ACKs into a single ACK/NAK report
· Uses existing PUCCH formats (PUCCH format 0 and 1)

· This scheme is supported in LTE TDD

· Multiple ACK/NAK feedback – individual ACK/NAKs for each of the DL subframes

· PUCCH format needs to support transmission of multiple bits e.g. DFT-S-OFDM modified CAZAC sequence with joint coding

· Inclusion of this scheme is FFS

In RAN1 #52bis meeting, it is further agreed that

· ACK bundling
· For each set of DL subframes, at least information about the number of DL subframes bundled within the set is exchanged between the eNodeB and the UE

· Continue discussion on bundling and target for a CR at the next meeting
· No agreement that multi-bit ACK/NACK transmission should be supported at this point
· Can be discussed again if agreement is reached offline
However, regardless whether single ACK/NACK or multiple ACK/NACK is fedback to the eNB, the resource location where the ACK/NACK information is sent is not specified at this moment. In this document we address the issue of how to implicitly map the UL ACK/NACK in TDD. 

2
UL ACK/NACK resource allocation
2.1
 UL ACK/NACK resource allocation when 
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The implicit mapping of UL ACK/NACK to the first CCE of the DL PDCCH in TDD remains the same as in FDD when
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. Note 
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includes the special sub-frame(s).
2.2 
UL ACK/NACK resource allocation when 
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In the asymmetric case where the number of DL sub-frames is larger than the UL sub-frames, within one UL sub-frame, the UL ACK/NACK will need to respond to multiple DL sub-frames. Note again the DL sub-frames include the special sub-frame(s).

2.2.1 
Brute force approach – sub-frame first mapping
With the asymmetric configuration, each UL sub-frame will have to send ACK/NACK corresponding to multiple sub-frames.

The brute-force approach maps the DL PDCCHs one sub-frame by one sub-frame, i.e., the first DL sub-frame will take up the first N ACK/NACK resources, then comes the second DL sub-frame, and so on. Depending on the asymmetric configuration the UL ACK resource will be M times more than what needed in FDD system where M is the asymmetric number (aka, M DL vs 1 UL). 
In order to reduce the overhead, the total number of ACK resources can be configured less than the total number of DL PDCCHs across multiple DL sub-frames. However, this would imply some of the PDCCH in one DL sub-frame will collide with some other PDCCHs in another sub-frame, hence the schedule will have to take the constraint into account. This would also imply the PDCCHs across different sub-frames may not be able to coexist hence a certain waste on the PDCCH resource is imposed.  

On the other hand, as the number of  PDCCHs in each DL sub-frame is a dynamic number depending on PCFICH and the active users/buffer size in that sub-frame while the UL ACK resource reservation is semi-static. Therefore if some of the DL sub-frames do not use up all N ACK/NACK rosources, the reserved bandwidth is simply wasted.
This approach is proposed in [1]. From now onwards we will denote it as “sub-frame first mapping” as the mapping goes from one sub-frame to another.
2.2.2 
Flexible approach – OFDM symbol first mapping
As pointed out above, the brute-force approach will end up in unused PUCCH resources or impose strict constraint at the scheduler at the cost of wasting DL PDCCH resources. In order to solve the problem, we propose a flexible alternative as follows:
· Group all the DL PDCCHs in multiple-subframes together
· Reorder these PDCCHs in a way such that the PDCCHs across all DL sub-frames whose first CCE is located in first OFDM symbol map to the band-edge of the reserved resources for UL dynamic ACK/NACKs, then followed by all the PDCCHs whose first CCE is located in the second OFDM symbol and last, the PDCCHs whose first CCE is located in the third OFDM symbol is mapped. 

· From now onwards we will denote it as OFDM symbol first mapping

· If some of the DL sub-frames do not use up all N ACK/NACK resources, with the OFDM symbol first mapping, some of the unused resources in the reserved band for ACK transmissions can be scheduled by the eNB for PUSCH transmission. 
· Take an MDL:1UL asymmetry pattern as an example. Assume that in the first DL sub-frame PDCCH region spans 3 OFDM symbols while the other M-1 sub-frames only use 2 OFDM symbol for PDCCH transmission. Let us assume N ACK/NACK resources are needed to support PDCCH span for 3 OFDM symbols with roughly N/3 for the PDCCH in each OFDM symbol. The ACK resource reservation will have to assume 3 OFDM symbol transmission in each DL sub-frame as it is semi-static configured hence it has to cover the largest possible PDCCH time span for each configuration period.
· With the sub-frame first mapping, the first DL sub-frame will take up the first N ACK/NACK resources; the second DL sub-frame cannot use up all N resources as the PDCCH span is 2 OFDM symbols instead of 3, however, the corresponding ACK resources cannot be freed up as the implicit mapping of the third DL sub-frame always assumes each DL sub-frame use up all N ACK resources. For the last DL sub-frame, the corresponding unused ACK resources can be used by PUSCH transmission as no further implicit mapping is involved.
· With the OFDM symbol first mapping, the M DL sub-frames will take up the first N + 2(M-1)N/3 ACK/NACK resources and the remaining (M-1)N/3 resources are left unused and they can be used for PUSCH transmission.

· However, with the OFDM symbol first mapping, if the first DL sub-frame takes 3 OFDM symbols to transmit PDCCH while for the other DL sub-frames the PDCCH span is simply 1 OFDM symbol, some of the ACK resources are still wasted as in order to have the correct implicit mapping, the ACK resources corresponding to the PDCCHs whose first CCE is located in the second OFDM symbol cannot be freed up.
2.2.3
Flexible approach – Mixed OFDM symbol and sub-frame first mapping

As mentioned above, the OFDM symbol first mapping can still result in some possible ACK resource waste and in this section we propose a mixed approach and we denote it as “mixed OFDM symbol and sub-frame first mapping”. The details are as follows:
· Group all the DL PDCCHs in multiple-subframes together

· Reorder these PDCCHs in a way such that the PDCCHs across all DL sub-frames whose first CCE is located in first OFDM symbol map to the band-edge of the reserved resources for UL dynamic ACK/NACKs, then followed by all the remaining PDCCHs in the first DL sub-frame, all the remaining PDCCHs in the second sub-frame and so on.
· Again take the same MDL:1UL asymmetry pattern as an example. Assume that in the first DL sub-frame PDCCH region spans 3 OFDM symbols while the other M-1 sub-frames only use 1 OFDM symbol for PDCCH transmission. Let us assume N ACK/NACK resources are needed to support PDCCH span for 3 OFDM symbols with roughly N/3 for the PDCCH in each OFDM symbol. The ACK resource reservation will have to assume 3 OFDM symbol transmission in each DL sub-frame as it is semi-static configured hence it has to cover the largest possible PDCCH time span for each configuration period.

· With the sub-frame first mapping, the first DL sub-frame will take up the first N ACK/NACK resources; the second DL sub-frame cannot use up all N resources as the PDCCH span is 1 OFDM symbol instead of 3, however, the corresponding ACK resources cannot be freed up as the implicit mapping of the third DL sub-frame always assumes each DL sub-frame uses up all N ACK resources. For the last DL sub-frame, the corresponding unused ACK resources can be used by PUSCH transmission as no further implicit mapping is involved.

· With the OFDM symbol first mapping, the M DL sub-frames will take up the first N + 2(M-1)N/3 ACK/NACK resources and the remaining (M-1)N/3 resources are left unused and they can be used for PUSCH transmission. Note that even the M-1 sub-frames only use 1 OFDM for PDCCH transmission instead of 2, same number of ACK resources are needed.
· With the mixed approach, the M DL sub-frames will take up the first N + (M-1)N/3 ACK/NACK resources and the remaining 2(M-1)N/3 resources are left unused and they can be used for PUSCH transmission.
3
Conclusion

In the current specification, how to map the UL ACK resource corresponding to the DL PDCCH in TDD is not specified. In this document we list several options to address the implicit mapping of UL ACK resource in TDD. We propose the mixed OFDM symbol and sub-frame first mapping which can best utilize UL bandwidth. Note that this proposal applies for both, ACK bundling and multiple ACK/NACK transmission, where each DL sub-frame has an individual corresponding UL ACK transmission.
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