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1. Introduction 

At RAN1 #52 it was agreed that uplink hybrid-ARQ acknowledgements in TDD can be transmitted in the uplink using single the ACK/NACK format also for the case that a terminal is assigned several DL subframes ‎[1]. In the case that ACK/NACKs from several DL subframes are combined, or bundled, an AND operation is performed to generate a single ACK/NACK report to be transmitted in a single UL subframe.  At RAN1 #52bis, problems with missed DL assignments for ACK/NAK bundling were discussed, and it was concluded that for each set of DL subframes associated with an UL subframe, at least information about the number of DL subframes bundled, refered to as bundle,  should be exchanged between the eNodeB and UE. This way, the UE can compare the number of detected assignments with the signaled number and hence detect if assignments were missed. Below we will refer to the set of DL subframes associated to a given UL subframe as the bundling window of that UL subframe. This definition does hence not include whether dynamic DL assignments are sent in these DL subframes or not; it just states for which DL subframes a possible DL assignment would be acknowledged in the given UL subframe.
There are in principle two ways to exchange the information, in the uplink and in the downlink. The present contribution discusses and proposes solution based mainly on DL control signaling.

2. ACK/NAK bundling on PUCCH
One solution proposed in ‎[2] and ‎[3] is to signal to the UE in each DL assignment either the number of previously assigned subframes within the bundling window, or the total number of DL assignments (that will be) sent in the bundle. A related approach, outlined in ‎[4], is to signal this number modulo 2.
By associating each PDCCH in each DL subframe to a PUCCH resource, the UE will further select the PUCCH resource associated to the last detected DL assignment within the bundling window. This way, the UE provides information to the eNodeB on which the last DL assignment was. Hence one may argue that it is a combination of UL and DL signaling. At the same time, unless constraints are imposed on the number of scheduled users, or equivalently on the number of control channels within the bundling window, resources anyway have to be provided also for the case that different UEs are scheduled in different DL subframes. 

If the UE shall transmit a scheduling request (SR) or provide a CQI report in the same UL subframe as it should also send an ACK/NAK report, it is not possible for the UE to provide the eNodeB with information on the last received DL assignment unless multiple CQI and SR resources are provided. One way to solve this problem is to do the scheduling per bundle and in this way signal down the number of DL subframes to be bundled in the entire bundling window. Such a solution would however make scheduling and latency rather different for TDD as compared to FDD.   A tradeoff between the two basic approaches
· the number of previously assigned DL subframes within in the bundling window is signaled;
· the total number of (to be) assigned DL subframes within the bundling window is signaled;
is to signal both the number of previously assigned subframes as well as to provide an indication if more DL subframes will be assigned.  Hence, the eNodeB can indicate in the DL signaling the minimum number of subframes to be bundled based on current eNodeB knowledge about further assignments within the bundle. .

Proposal: In each DL assignment, the eNodeB provides the UE with the minimum total number of DL subframes that the UE in addition to the current DL subframe will be dynamically assigned within current bundling window. The eNodeB may update this information in each DL assignment and the UE shall use this number associated with the last detected DL assignment.

Following this proposal the eNodeB may indicate to the UE whether at least one more dynamic DL assignment will be sent within the current bundling window, but specifying neither the exact number of additional assignments nor in which subframes they will be sent. This functionality makes it possible for the eNodeB scheduler to perform a form of partial per bundle scheduling and consider for example only the very next DL subframe, buffer status or pending retransmissions. At the same time it enables per subframe scheduling where only the number of previously dynamically assigned subframes is signaled in the DL assignment and the UE selects the PUCCH feedback resource based on the last received DL subframe. In such a case the number subframes to bundle is updated in each DL subframe. It also enables per bundle scheduling in which the same number is signaled in all DL assignments to the UE. 
We note that with 1 bit for signaling, up to two dynamically assigned subframes may be bundled, with 2 bits up to 4 subframes can be bundled, and with 3 bits up to eight (dynamically assigned) subframes can be bundled. Furthermore the UE will use this number as the minimum number of (dynamically assigned) subframes to be bundled. For a limited number of bits there is a limit on the maximum number that can be signaled, but this need not prevent the UE from bundling even more subframes. Furthermore, for a given DL assignment it is the minimum number since it can be increased in later assignments within a bundle.
In Figure 1—3 in the Appendix, some signaling examples are given. For the case that the only the number of dynamic DL assignments sent previously within the bundling window is signaled, there is a possible problem if the last dynamic DL assignment is missed and the UE cannot somehow inform, for example by selecting a control channel, which is the last received dynamic DL assignments. For the case that the total number of dynamically assigned signal subframes is signaled, missed DL assignments are not a problem, but the eNodeB must know the number of subframes to schedule within the bundling window before transmitting the first DL assignment. For the case that the (minimum) number of previous plus possible future dynamic assignments is signaled, missed DL assignments will be detected. The eNodeB must then know if at least one additional subframe will be dynamically assigned when transmitting a DL assignment. 
2.1. Handling of very DL heavy asymmetries
If two bits are set aside to signal the minimum number of dynamic assignments within a bundling window, it is possible to signal that up to four dynamic DL assignments are to be bundled. For the case that there may even more assigned subframes within a bundling window, namely the 8DL+1DwPTS:1UL configuration in which up to 9 subframes can be assigned, an alternative is to signal, in each DL assignments, one of the following messages to the terminal.

· The current subframe is the first subframe dynamically assigned within the bundling window, and the following subframe(s) will also contain a dynamic assignment.

· The current subframe is the last subframe dynamically assigned within the bundling window, and the preceding subframe contained a dynamic assignment.

· The current subframe is neither the first nor the last subframe dynamically assigned within the bundling window. The proceeding and following subframes contain dynamic assignments to the UE.

· The current subframe is the first and the last subframe dynamically assigned within the bundling window.
Signaling of these four alternatives requires two bits, and for two bits to be sufficient while still avoiding any error cases, the scheduling constraint imposed is that only consecutive subframes can be assigned. Note that by consecutive subframes we refer to the DL subframes within the bundling only, and in addition excluding any DL subframes that are semi-persistently assigned. 
Proposal:  For TDD configuration 5, 8DL+DwPTS:1UL, two bits are signaled to the terminal indicating if it is the first, last, only or neither first nor last  dynamically assigned DL subframe.

In Figure 4 in the Appendix, some signaling examples are given.
2.2. Transmission of ACK/NAK, CQI and/or SR on PUCCH 

2.2.1 ACK/NAK only
For the case that no CQI or SR is to be transmitted in the UL subframe, the UE will generate the ACK/NAK based on the last detected DL assignment and use the feedback resources associated with the this last received DL assignment.   In this way, given that enough UL resources are provided for UL feedback, the UE may signal to the eNodeB which was the last DL assignment it received. 

If the mapping of PDCCH to PUCCH index is done so that PUCCH resources associated to different DL subframes overlap, or are identical for all DL subframes, it is not possible for the UE to indicate to the eNodeB in which DL subframe the last assignment was received. Such a scenario may be handled by letting the eNodeB indicate to the UE that more DL subframes will be assigned without explicitly providing the exact total number of DL subframes within the bundle.  For example, if p downlink subframes within the bundling window have previously been assigned, and at least one more will be assigned, the eNodeB signals to the UE that at least p+1 DL subframes will be assigned within the bundle. The terminal will then expect that, including the current subframe, at least p+2 DL subframes will be assigned within the bundling window. Alternatively, if the eNodeB determines that there will be in total p+1 subframes within the bundling window, it may chose to signal the value p in each DL assignment to the terminal. One case in which it may be desirable to assign a UE with multiple DL subframes is when there are not enough resources within the current DL subframe. The eNodeB may have this knowledge already when scheduling the present DL subframe and can then inform the UE that at least one more DL subframe will be assigned within the bundling window. Another application may be when the eNodeB knows that it has pending retransmissions, for example after receiving a bundled NAK in the UL.
Hence, the signaling allows more efficient use of PUCCH resources at the cost of a possible latency as well as more advanced eNodeB implementation performing some form of partial per-bundle scheduling. Basic per subframe scheduling still needs to be possible, and may be done at the possible cost of UL overhead. This is considered implementation specific.
Proposal: The UE will use the ACK/NAK resource associated with the last detected DL assignment for feedback of the bundled ACK/NAK.
2.2.2 ACK/NAK and CQI

There may also be subframes in which CQI needs to be transmitted in addition to ACK/NAKs. First of all, we note that simultaneous transmission can be avoided by configuring the UE to drop CQI transmission in such subframes. Secondly, any problems may be circumvented by only assigning a single DL subframe within the set of associated DL subframes. Thirdly, more advanced, (partial) per-bundle scheduling as mentioned previously can also be used for the case that the above mentioned solutions are not enough.  It thus becomes an implementation choice how to handle this.
2.2.3 ACK/NAK and SR
For the case that the UE needs to transmit a scheduling request, the UE will drop any CQI transmission and use the scheduling request resource for transmission of the bundled ACK/NAK. Error cases can be avoided by assigning only a single DL subframe or performing some part of partial per-bundle scheduling.  Furthermore, a safe way to avoid any error case is of course to simply re-transmit all bundled DL subframes in case that a scheduling request is transmitted simultaneously.
3. ACK/NAK bundling on PUSCH

For the case that the UE has been granted UL resources, a bundled ACK/NAK is to be transmitted on PUSCH.    One solution is to use the UL index bits currently used for TDD configuration 0 to signal the number of assigned DL subframes within the set. This is possible since it has only been agreed to employ multiple TTI grants for this uplink-heavy configuration, and in an uplink-heavy configuration there is no need for ACK/NAK bundling.

With a two-bit index, it is possible to distinguish between four different bundle sizes for example as in Table 1 below.
	Index Bits
	Meaning

	00
	At most one DL subframe has been assigned

	01
	Two DL subframes have been assigned

	10
	Three DL subframes have been assigned

	11
	Four or more DL subframes have been assigned


Table 1 Example of signaling in the UL grant
For the case that at most one DL subframe has been assigned, the operation is similar to FDD and the missed DL assignment has to be detected in the same way for FDD and TDD in the eNodeB according to the defined UE behavior.  At the same time, provided that there already is signaling in the DL assignment, this signaling would mainly serve as complement to support for example per subframe scheduling.  In fact, there may be a conflict between what is signaled in the last received DL assignment and in the UL grant, for example to enable a certain scheduling strategy within a bundle, and a suitable rule needs to be defined for the behavior in this case.
Proposal:  Consider re-use of UL index bits of the DCI format 0 for the DL-heavy configurations to signal the number of assigned DL subframes.
One case that needs some more attention is when the PUSCH transmission is initiated by PHICH. At the same time, the solutions to handle ACK/NAK with CQI or SR on PUCCH are also available. 
4. Discussion
There are two basic alternatives to exchange the information between the eNodeB and the UE,

· signaling is done on the downlink, so that the eNodeB informs the UE about the number of assignments;  

· signaling is done in the uplink, so that the UE informs the eNodeB about the number of subframes that were bundled. 

Considering the two alternatives we note the following. 

· The major advantage of the solution based on DL control signaling is that the impact on the UL control signaling design is minimized. One effect of this is that UL coverage and capacity is preserved and that there is no increase of UL overhead. Furthermore, the solution allows handling simultaneous transmission of ACK/NAK and CQI or SR by means of a more advanced scheduler implementation as described below. It should however be noted that such a more advanced scheduler implementation is not trivial and is likely to impose tighter eNodeB processing requirements. 

· The major disadvantage of the solution based on DL control signaling is that additional bits need to be carried on the DL control channel.  Transferring one or two additional bits of information on the DL will come at the cost of some coverage and capacity reduction. At the same time, keeping the number of bits low will lead to only a marginal degradation.

· DL signaling with two bits added to the downlink control information would be sufficient to handle all TDD UL/DL configurations with not too sever constraints and is believed to be useful for future performance improvements beyond release 8 as well as to support multiple ACK/NAK transmission on the UL.

As described in ‎[2], there are several ways to signal and update the number of assigned bundles in a certain subframe. Bits can be added to the downlink control information (DCI) which is signaled on the PDCCH. Another option is to scramble the CRC of the PDCCH as described in ‎[2]. A combination of bits on the PDCCH and CRC scrambling may also be used. 

Yet another possibility is to combine fast dynamic signaling of an index in each DL subframe and to employ higher layer signaling to configure a codebook or look-up table that can be used to map the signaled index to the actual number of subframes to be bundled. Let us assume that a single bit is signaled in each DL assignment, either in the form of an explicit bit on the PDCCH or by means of CRC scrambling.  The meaning of this bit may then be configured by higher layer signaling. As an example, if the bit is zero, it may be interpreted as zero subframes in addition to the current subframe, and if the bit is one it may be interpreted as for example 3. This would make it possible to switch between assigning a single and four DL assignments within a bundling window. 

However, considering the transparency and possible other future use cases, the adding two bits to the DCI appears preferable and we propose the following

Proposal: Two bits are added to the DCI  for downlink assignments.
5. Conclusion
We propose

· Two bits added to the DCI for downlink assignments on the PDCCH
· The UE uses the PUCCH index associated with the last received DL assignment in the bundle for ACK/NAK feedback.

· For TDD UL/DL configurations 1-4,

· The two bits represent the minimum number of previous and future dynamic DL assignments within the bundling window except the current subframe.

· The eNodeB may update this number in each DL assignment.
· The UE uses the number of the last received DL assignment.
· For TDD UL/DL configuration 5

· The two bits indicates if it is the only, first, last, or neither first nor last dynamically assigned DL subframe within the bundling window

· The UE can assume that the assigned subframes are consecutive. 

We further propose 

· to consider use of the two bit UL index of DCI format 0 for the TDD configurations 1-5 to signal the number of dynamically assigned DL subframes within the bundle.
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Appendix: Signaling examples
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Figure 1 Signaling examples for a bundling window size of two subframes.
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Figure 2 Signaling examples for a bundling window size of two subframes.
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Figure 3 Signaling examples for a bundling window size of four subframes.
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Figure 4 Signaling examples for 8DL+DwPTS:1UL 
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