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1. Introduction

In RAN1#52 meeting in Sorrento, the followings were agreed [1].

· Single ACK/NAK feedback 

· ACK/NAKs from one or several DL subframes are combined (“bundled” by performing AND of all A/N) to a single ACK/NAK report

· The PUCCH formats already defined for LTE are reused (PUCCH Format 0 and 1)

· This scheme is supported by LTE TDD

One problem which should be solved with ACK/NACK bundling is that a missing downlink assignment can be responded by bundled ACK, which causes a high probability of RLC retransmission [2]. As shown in co-proposal on ACK/NACK bundling in [3], we suggest a solution of having 2 bits downlink assignment counter in PDCCH DCI format 1/1A/1B/2 and relating the ACK/NACK PUCCH index with the index of the last assigned downlink subframe to a UE. In this paper, we introduce the details and solutions for the cases when ACK/NACK is carried on other uplink channels than PUCCH.

2. Method of resolving missing downlink assignment
2.1. Solution when missing PDSCH assignment is not a last assignment in a bundling window
· Signalling counter of PDSCH assignment within an ACK/NACK bundling window
When a PDSCH is transmitted to a UE within an ACK/NACK bundling window, scheduling assignment for the PDSCH includes counter of the PDSCH transmission to that UE within that ACK/NACK bundling window. To reduce the required number of bits for this counter, number of PDSCH assignment to a UE within a bundling window is limited to 4 downlink subframes in downlink/uplink configuration 5. In this case, 2 bits counter in PDCCH DCI format 1/1A/1B/2 can cover all the downlink/uplink configurations.
With this counter, a UE can identify if it has missed a PDSCH transmission within an ACK/NACK bundling window as long as it hasn’t missed last PDSCH transmission to it within that ACK/NACK bundling window. When a UE detected missing count value within an ACK/NACK bundling window, it transmits DTX as a bundled ACK/NACK for that bundling window. However, additional method is necessary to handle the case where a UE misses last PDSCH transmission.
2.2. Solution when missing PDSCH assignment is a last assignment in a bundling window
· For ACK/NAK on PUCCH: relating PUCCH ACK/NACK resource index to the downlink subframe carrying last assigned PDSCH
Figure 1 illustrates an example of general CCE to uplink ACK/NACK mapping structure we suggest for TDD mode regardless whether ACK/NACK bundling is considered or not [4]
[image: image1.wmf]0

1

2

3

N

-

2

N

-

1

0

1

2

3

M

-

2

M

-

1

M

M+1

M+2

M+3

2M

-

2

2M

-

1

2M

2M+1

2M+2

2M+3

3M

-

2

3M

-

1

......

......

......

......

0

1

2

3

N

-

2

N

-

1

......

0

1

2

3

N

-

2

N

-

1

......

DL 

subframe

i

DL 

subframe

i+1

DL 

subframe

i+2

UL 

subframe

j (j>i+5)

CCE

CCE

CCE

ACK/NACK

0

1

2

3

N

-

2

N

-

1

0

1

2

3

M

-

2

M

-

1

M

M+1

M+2

M+3

2M

-

2

2M

-

1

2M

2M+1

2M+2

2M+3

3M

-

2

3M

-

1

......

......

......

......

0

1

2

3

N

-

2

N

-

1

......

0

1

2

3

N

-

2

N

-

1

......

DL 

subframe

i

DL 

subframe

i+1

DL 

subframe

i+2

UL 

subframe

j (j>i+5)

CCE

CCE

CCE

ACK/NACK


Figure 1   Generic structure for uplink ACK/NACK to CCE mapping
If an uplink subframe should carry ACK/NACK for 3 downlink subframes as in the figure, ACK/NACK resources (combinations of cyclic shift, orthogonal cover and RB) are divided by 3 resource sets where each set contains M ACK/NACK resources. Then, M ACK/NACK resources in each set are mapped to N CCEs in one of the 3 downlink subframes. M value can be configured to be equal to or less than N.
With this generic structure for uplink ACK/NACK to CCE mapping, it can be specified that a UE transmits bundled ACK/NACK using the ACK/NACK resource corresponding to the CCE in the downlink subframe in which that UE received last PDSCH within an ACK/NACK bundling window. Figure 2 shows an example when number of CCEs per downlink subframe is 8 and the number of ACK/NACK resources is 24 in an uplink subframe, where uplink ACK/NACK for 3 downlink subframes is bundled. In the example, a (blue) UE is assigned PDSCH through subframe i and i+1 by CCE 2 and 5, then it transmits ACK/NACK using 13th ACK/NACK resource which corresponds to CCE 5 in subframe i+1. Another (green) UE is assigned PDSCH through subframe i and i+2 by CCE 5 and 1, then it transmits ACK/NACK using 17th ACK/NACK resource which corresponds to CCE1 in subframe i+2. By doing so, eNodeB can identify which PDSCH the UE received as a last PDSCH within an ACK/NACK bundling window.
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Figure 2   Example of bundled ACK/NACK resource allocation
Figure 3 shows an example when a UE misses the last PDSCH transmission. In this example, eNodeB assigned PDSCH to a (blue) UE in subframe i, i+1 and i+2 by CCE 2, 5 and 4, but the UE missed assignment in subframe i+2. Then, the UE will transmit bundled ACK/NACK using 13th ACK/NACK resource which corresponds to the CCE5 in subframe i+1. Therefore, eNodeB can detect that the UE has missed PDSCH assignment in subframe i+2.
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· For ACK/NAK on PUSCH: Signalling number of bundled ACK/NACKs in PUSCH as well as bundled ACK/NACK.
When ACK/NACK transmission is coincident with PUSCH transmission for a UE, the solution above using PUCCH index can not be viable. In this case, we suggest signalling number of bundled ACK/NACKs in PUSCH as well as bundled ACK/NACK it self. For this uplink signaling 1 or 2 bits are needed depending on the uplink/downlink configuration. With this uplink signaling, eNodeB can catch that there is a downlink assignment error if the number of assigned downlink subframes to a UE is different from the signalled number of bundled ACK/NACK from that UE.
Regarding actual multiplexing of the 1 or 2 bits, we suggest 1 or 2 bits are attached to the ACK/NACK bits then encoded together by a simplex code or RM code employed for CQI coding. The resultant code word is repeated or punctured depending on the number of REs allocated for ACK/NACK puncturing so that the current ACK/NACK multiplexing structure on PUSCH is untouched.
· For ACK/NAK on SR
In case that ACK/NACK transmission is coincident with SR (scheduling request), UE may be implemented to delay SR transmission so that ACK/NACK is transmitted by PUCCH. This doesn’t absolutely remove the potential problem since there will be limitation to the SR delay. However, frequency of the problem occasion can be reduced by UE implementation.
· For ACK/NAK on CQI
In this case, eNodeB can trigger CQI on PUSCH so that number of bundled ACK/NACK is signalled by PUSCH. This doesn’t absolutely remove the potential problem since there will be limitation to number of the CQI report on PUSCH in one subframe. However, frequency of the problem occasion can be reduced by UE implementation. 

3. Summary
In this contribution, we suggest applying combination of the following methods to resolve the problem of missing downlink assignment with uplink ACK/NACK bundling.
· When a PDSCH is transmitted to a UE within an ACK/NACK bundling window, scheduling assignment for the PDSCH includes 2 bits counter of the PDSCH assignment to that UE within that ACK/NACK bundling window.
· A UE transmits bundled ACK/NACK using the PUCCH ACK/NACK resource corresponding to the CCE in the downlink subframe in which that UE received last PDSCH within a ACK/NACK bundling window
· When ACK/NACK transmission is coincident with PUSCH, 1 or 2 bits indicator of the number of bundled ACK/NACKs is transmitted as well as bundled ACK/NACK itself on PUSCH.
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