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1. Introduction

At the last RAN WG1 meeting in Xian, the following agreements related to ACK/NACK bundling on PUCCH for TDD were reached:

· For A/N feedback for TDD with PUCCH Format 3:

· Mode 1: 

· Supports A/N payload size of up to 20 bits

· If the number of A/N bits to be indicated would be >20, spatial bundling is employed

· No bundling is employed if the number of A/N bits is <=20 bits

· FFS whether a Mode 2 is also supported:

· Spatial bundling with time or CC bundling (the same bundling domain as for mode b) is employed in addition to spatial bundling in cases when the number of A/N bits to be indicated would be >x 

· For A/N feedback for TDD with PUCCH Format 1b with channel selection:

· Mode a:

· If the number of A/N bits to be indicated is <=4, no bundling is used

· Mode b:

· Spatial bundling with time- or CC-domain bundling (FFS which) is used if the number of A/N bits to be indicated would be >4

In the present contribution, ACK/NACK bundling for TDD is discussed. More specifically bundling with PUCCH format 3 (“Mode 2”) as well as bundling with PUCCH format 1b with channel selection (“Mode b”) is considered. 

2. Discussion
2.1. ACK/NACK bundling with PUCCH format 1b and channel selection (“Mode b”)
In our previous contribution [1] , bundling in time and component carrier domain were discussed, and it was noted that  component carrier domain bundling on one hand appears somewhat simpler from the handling of missed downlink assignments perspective but on the other hand would require redefinition or extensions of the existing DAI.   Redefinition of the DAI would mean that there are several ACK/NACK feedback schemes for the case that the UE is only assigned resources on a single primary component carrier, and that additional efforts must be undertaken to clarify the UE operation at reconfiguration. 

For time domain bundling, it can be argued that the losses due to bundling are relatively low, at least at low speed, and it may also be noted that the uplink PUCCH coverage can be more similar in all uplink subframes.  The major challenge with time domain bundling in a carrier aggregation context is how to deal with missed assignments  that error-case handling needs to be clarified. 

A desirable property of for the design is that it coincides with Rel-8/9 ACK/NACK bundling mode on PUCCH for the case that only transport blocks are assigned on the primary component carrier. This means that the meaning and definition of the DAI is not changed.  Furthermore, since the main application for ACK/NACK feedback using PUCCH format 1b with channel selection is the case with two component carriers for FDD; a similar constraint could be employed also for TDD. This since PUCCH format 3 is available to support carrier aggregation with up to five component carriers.
Proposal

· Rel-10 design for PUCCH ACK/NACK feedback using format 1b with channel selection 
· Should not change the definition of the DAI as compared to rel-8 to enable re-use of Rel-8/9 ACK/NACK bundling feedback for the case that the UE is only scheduled on the primary component carrier.
· Does not need support more than two component carriers.
We further note that in case the UE detects assignments only the primary component carrier, it can use the existing rel-8 ACK/NACK feedback schemes. This means that when the UE detects at least one assignment associated with a secondary component carrier, ACK/NACK resources associated with the PDCCH for the secondary component carrier should be used.  Since different UEs can be scheduled in different DL subframe of an ACK/NACK bundling window, resources needs to be associated with each DL subframe similar to Rel-8/9. This means that if the UE uses resources associated with the last subframe with a detected PDCCH assignment for the secondary component carrier, missed assignments at the end of the ACK/NACK bundling window can be detected for the secondary component carriers.  The problem is then to provide the eNodeB with information so that it can detect assignments at the end of the ACK/NACK bundling window on the primary component carriers.   Hence, in addition to the two temporally bundled ACK/NACK bits, there is a need to convey information about the number of bundled ACK/NACK subframes on the primary cell.  For the case with 4DL:1UL, this requires four signaling hypothesis, or equivalently two bits. All in all, four bits of feedback is needed, corresponding to in total four PUCCH format 1b resources. Even though a four bit mapping table can be used to encode all four bits, an alternative is associate a set of four PUCCH format 1b resources with each DL subframe, then select the set based on the last received DL subframe with an assignment on the secondary component carrier, and finally select one of the PUCCH format 1b resources within the set based on either the number of bundled ACK/NACKs or the index of the last DL subframe with a detected assignment for the primary component carrier.
Note that this approach is compatible the use of an ACK/NACK resource indicator (ARI) combined with sets of PUCCH format 1b resources.  The UE then uses the set of resources associated with ARI as configured by higher layers.  It can then be left for eNodeB implementation on how to use the ARI.  To enable the eNodeB to detect missed assignment, the eNodeB would use different values for the ARI in different downlink subframes, and the number of resource sets would depend on how many subframe the UE is assigned on the secondary component carrier.  Furthermore, in case the eNodeB want to reduce the ACK/NACK resources at the expense of increasing the probability of interpreting a missed assignment as an ACK, the same ARI can be used for all different subframes. At the same time, it should be kept in mind that it is not necessary to optimize the ACK/NACK feedback for a large number of users being simultaneously scheduled on multiple component carriers. In fact, a set of four resources may be used to four different terminals, two terminals assigned two subframes each or a single terminal assigned four subframes.

Proposal

· Rel-10 design for PUCCH ACK/NACK feedback using format 1b with channel selection  with time domain bundling of two component carrier is done as follows
· In the case that a UE detects only assignments associated with primary component carriers, ACK/NACK feedback is transmitted according to Rel-8/9 ACK/NACK bundling.
· In case the UE detects at least a single assignment associated with  the secondary component carrier it 
· Selects a set of PUCCH format 1b resources associated with (the ACK/NACK resource indicator of) the last subframe with a detected assignment for the secondary component carrier.
· Selects one of the PUCCH format 1b resources within this selected set based on either the index of the last received DL subframe on the primary component carrier with a DL assignment or on the number of bundled ACK/NACKs for the primary component carrier.
· Transmits the two bundled ACK/NACK bits corresponding to the two component carriers on the PUCCH format 1b resource.
· DAI is defined per component carriers in the same way as in Rel-8/9 and if a missed assignment is detected on a particular component carrier, a NACK is generated.
Each set of ACK/NACK resources can be defined a single PUCCH format 1b resource index n. For the 4DL:1UL case, the set can  be taken as the PUCCH format 1b resource associated with indexes n, n+1, n+2, and n+3. Furthermore, it is left for eNodeB implementation to what extent DTX detection is performed. Since the eNodeB has knowledge about the assignments, it can choose to only listen to a single expected PUCCH format 1b resource. At the same time, it also has the possibility to evaluate multiple hypotheses in order to perform independent DTX detection per component carrier.

2.2. ACK/NACK bundling with PUCCH format 3 (“Mode 2”)
Based on the fact that two ACK/NACK feedback modes have been agreed already for rel-10, we think that efforts should currently be spent on finalizing the agreed ACK/NACK feedback modes. Furthermore, substantial efforts are expected to be required for finalizing the agreed ACK/NACK feedback modes for feedback on both PUSCH and PUCCH. 
3. Conclusion
ACK/NACK bundling for LTE TDD with carrier aggregation was discussed in the present paper. The following proposals are made:
· Rel-10 design for PUCCH ACK/NACK feedback using format 1b with channel selection 
· Should not change the definition of the DAI as compared to rel-8 to enable re-use of Rel-8/9 ACK/NACK bundling feedback for the case that the UE is only scheduled on the primary component carrier.
· Does not need support more than two component carriers.
· Rel-10 design for PUCCH ACK/NACK feedback using format 1b with channel selection  with time domain bundling of two component carrier is done as follows
· In the case that a UE detects only assignments associated with primary component carriers, ACK/NACK feedback is transmitted according to Rel-8/9 ACK/NACK bundling.
· In case the UE detects at least a single assignment associated with  the secondary component carrier it 
· Selects a set of PUCCH format 1b resources associated with (the ACK/NACK resource indicator of) the last subframe with a detected assignment for the secondary component carrier.
· Selects one of the PUCCH format 1b resources within this selected set based on either the index of the last received DL subframe on the primary component carrier with a DL assignment or on the number of bundled ACK/NACKs for the primary component carrier.
· Transmits the two bundled ACK/NACK bits corresponding to the two component carriers on the PUCCH format 1b resource.
· DAI is defined per component carriers in the same way as in Rel-8/9 and if a missed assignment is detected on a particular component carrier, a NACK is generated.
· ACK/NACK feedback with PUCCH format 3 with time domain or component carrier domain bundling should not be consider before the design of already agreed ACK/NACK feedback modes have been finalized.
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