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1. Introduction
At the RAN1#82 meeting, following agreements were achieved [1].
	Agreements:
· HARQ-ACK codebook size is dynamically determined
· To ensure same understanding between eNB and UE regarding the HARQ-ACK codebook (including HARQ-ACK order and size)

· FFS, eNB transmits signaling in DL assignment: 

· FFS: Detailed signaling, e.g., 

· Counter DAI only
· FFS: Whether DAI can be not consecutive
· A Counter DAI and a Total DAI

· Combined DAI carrying either Counter or Total, based on the order of scheduling

· HARQ-ACK codebook indicator to indicate the possible carriers
· Note: Other alternatives are not precluded
· FFS: Additional UL signaling to indicate HARQ ACK codebook size

· FFS: PUCCH format adaptation


In addition, potential solutions on dynamic HARQ-ACK codebook determination are summarized in [2]. This contribution presents our views on the proposed solutions and gives our preference for dynamic HARQ-ACK codebook determination. PUCCH format adaptation is also discussed in this contribution.
2. Potential solutions for HARQ-ACK codebook adaptation
Various solutions are identified to enable dynamic HARQ-ACK codebook adaptation [2]. Below, we analyze and compare major two categories: DAI-based solutions, HARQ-ACK codebook indicator (HCI)-based solutions.
2.1. DAI-based solutions
The detailed mechanisms of the potential DAI-based solutions are discussed in [82-03]. It is observed that many solutions aim at extending the usage of existing 2-bit DAI in TDD DL assignments/UL grants. However, simply reusing the existing 2-bit DAI is not feasible to perform dynamic HARQ-ACK codebook adaptation.
In the current TDD operation mode, the DAI field is already introduced in DL assignments and UL grants. The 2-bit DL DAI counts the number of scheduled subframes up to the present subframe within a bundling window, while the 2-bit UL DAI indicates the total number of scheduled subframes within the bundling window. HARQ-ACK codebook size does not depend on DL DAI when it is transmitted on PUCCH format 3. When the HARQ-ACK is transmitted on PUSCH, the bit number of HARQ-ACK depends on UL DAI. 
In order to determine the HARQ-ACK codebook size including the CC-domain, the usage/definition of the DL DAI is changed such that it counts the number of scheduled CCs/subframes up to the present CC/subframe within the bundling window. For this, however, following three issues need to be resolved.
Issue 1: Necessary number of DL/UL DAI bits is not clear to ensure the sufficient robustness.

One of the main target scenarios of CA with up to 32 CCs would be LAA with unlicensed carriers. Unlike legacy non-LAA system, eNB may not be able to transmit DL assignment(s) sometime due to LBT busy on unlicensed carriers. If eNB cannot rewrite the contents of DL assignments for unlicensed carriers after its LBT busy is identified, the DAI value(s) in the failed DL assignment(s) due to LBT busy will not be received by the UE. Then, consecutive DL assignment missing happens not only due to miss detection by the UE, but also due to LBT busy. Current assumption for the existing 2-bit DAI is that the probability that UE does not receive more than 4 consecutive DL assignments is negligible, but assuming unlicensed carriers are included, the 2-bit DAI may not be sufficient to ensure the same understanding between eNB and UE. In addition, how much frequent the consecutive LBT busy happens is also not well understandable. It is still not clear whether eNB can rewrite the DAI value once LBT busy is identified. Therefore, the required number of DAI bits cannot be determined yet. As long as the number of DL DAI bits is not fixed, the number of UL DAI in UL grants cannot be fixed as well. 
Issue 2: Ambiguity on the ‘last’ scheduled PDSCH(s) when DL assignment(s) is missed.

Many solutions have been proposed. For example, additional DCI field can indicate whether the scheduled PDSCH on the CC/subframe is the last one or how many PDSCH(s) in total are scheduled in the bundling window or in the subframe. However, these solutions require adding more DCI bit(s) in all the DL assignments. The added DCI bit(s) is redundant when there is/are UL grant(s) in the same subframe since UL DAI is included in the UL grant(s) if the UL DAI can still work as the total DAI. As described already in issue 1, 2-bit DL DAI may not be sufficient. Similarly, it is still not clear how many bits are necessary to ensure the common understanding on the ‘last’ scheduled PDSCH(s). Instead of adding more bits, differentiate DAI counting order according to HARQ-ACK codebook size can be considered. However, this requires to schedule a certain number of PDSCHs (e.g., more than 2) in a subframe or within a bundling window so that the UE can identify which DAI counting order is intended. Furthermore, in TDD operation mode, eNB may not be able to change the decision of HARQ-ACK codebook in the middle of a bundling window since the DAI counting order already starts from the first subframe in the bundling window. Another potential alternative is to use the DL DAI field on a specific DL assignment scheduling a PDSCH as the total DAI. However, this does not allow to schedule 2 PDSCHs in a subframe or within a bundling window since in this case, both DL DAI indicate ‘1’ and therefore, it is not possible to distinguish whether 1 or 2 PDSCHs are scheduled.
Issue 3: Ambiguity on TM(s) of CC(s) for which UE misses the DL assignments.
Many solutions have been proposed. For example, ‘DL DAI counts the number of CW(s) instead of the number of CC(s)’. This requires additional DCI bit(s), which is not useful in some cases, e.g., when a UE is configured with the same TM over all the CCs. ‘Always applying spatial bundling or always applying 2 HARQ-ACK bits for all scheduled CCs’ can address this issue, while they require either DL throughput degradation due to unnecessary spatial bundling or UL overhead increase due to redundant HARQ-ACK feedback bit(s).
For FDD operation mode, DAI-based operation itself is a new feature and hence, these additional remedies can be introduced together with the CC-domain DAI as a unified solution. However, for TDD operation mode, the definition/interpretation of existing 2-bit DAI field needs to be changed according to whether the CA configuration is Rel. 10-12 or Rel. 13. Furthermore, one or more additional DCI bit field(s) would be necessary to resolve the issues 1-3. In general, DL assignment/UL grant scheduling PDSCH/PUSCH can also be transmitted on the common search space of the primary cell. It is natural not to increase the DCI bit field(s) in the common search space. Then, if DAI-based solution is supported, handling of the new DAI in DL assignment(s)/UL grant(s) in the UE-specific search spaces and of legacy DAI in DL assignment/UL grant in the common search space is also to be discussed.
As analyzed above, further complication cannot be avoided if dynamic HARQ-ACK codebook adaptation is supported by DAI-based solution. 
2.2. HARQ-ACK codebook indicator (HCI)-based solutions
The HCI should be included in all the DL assignment(s) (except for DL assignment detected on common search space). Basically, a UE is configured with the HARQ-ACK codebook candidates by higher-layer, and based on the HCI value included in the DL assignment(s), the UE determines for which CC(s) the HARQ-ACK needs to be transmitted. HCI can be interpreted as a pre-scheduled CC indicator, but in reality, it is not necessary for eNB to schedule all the CCs included in the HARQ-ACK codebook. There are two alternatives for the HARQ-ACK codebook determination.
Alt. 1: UE determines HARQ-ACK codebook according to the HCI indication (see Fig. 1).

In Alt. 1, HCI indicates to transmit HARQ-ACK for all or a subset of CCs. If eNB prefers to reduce the HARQ-ACK codebook size, it can reduce the number of scheduled CCs and indicate the smaller size of HARQ-ACK codebook based on the HCI. On the other hand, if eNB prefers to schedule large number of CCs, it can be done by indicating large size of HARQ-ACK codebook. Similar to the legacy CA, semi-static HARQ-ACK codebook operation is also possible by fixing the value of HCI to the one requiring UE to transmit HARQ-ACK for all the configured CCs. 
[image: image1.emf]0

0

0

0

0

0

CC index

HCI

#0

#1

#2

#3

#4

#5

#6

#7

1

1

1

HCI

#0

#1

#2

#3

#4

#5

#6

#7

0

0

HCI

#0

#1

#2

#3

#4

#5

#6

#7

HCI HARQ-ACK codebook

0 All (CC#0-#7)

1 CC#0-#3

2 CC#0-#1

3 CC#0

Feedback HARQ-ACK(s)

for CCs#0-#7

Feedback HARQ-ACK(s)

for CCs#0-#3

Feedback HARQ-ACK(s)

for CCs#0-#7


Fig. 1.
Illustration of Alt. 1.
The drawback of Alt. 1 is the low granularity of HARQ-ACK codebook size. For example, in Fig. 1, if eNB schedules CC#6-7, the value of HCI should be 0, which corresponds to the maximal HARQ-ACK codebook size, although the number of scheduled CCs is small. Since the linkage between a HCI value and a HARQ-ACK codebook is configurable by higher-layer, the HARQ-ACK codebook candidate list can be updated by RRC signalling. By utilizing the information on which CC(s) the DL assignement(s) schedule, the HARQ-ACK codebook set can be increased.
Alt. 2: UE determines HARQ-ACK codebook according to the combination of HCI indication and on which CC(s) the PDSCH(s) is(are) scheduled (see Fig. 2).

In Alt. 2, the number of HARQ-ACK codebook candidates is increased. For example, in Figs. 1 and 2, the number of HARQ-ACK codebooks of Alt. 1 is 4, while that of Alt. 2 becomes 15. The number is still smaller than DAI-based solutions (in which case the number of HARQ-ACK codebook candidates with 8 CCs could be ideally 
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), but unlike DAI-based solutions, there is no any remaining issue listed in the Section 2.
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Fig. 2.
Illustration of Alt. 2.
For TDD case featured by multiple subframes within a bundling window, these two alternatives should be applicable without changing the basic principles. Following multiple alternatives can be considered. 
Alt. 1A: UE determines HARQ-ACK codebook according to the HCI indication on any of the DL assignment(s) within a bundling window (see Fig. 3 and Fig. 4)

Alt. 1A is the simple extension of Alt. 1 to TDD case. The HCI is considered to be the same across all the CC(s) in all the subframe(s) in a bundling window. UE determines the HARQ-ACK codebook size in CC-domain based on the HCI which is included in any of the DL assignment(s). UE behaviour related to DL DAI is kept as in legacy CA. As shown in Fig. 3, if eNB prefers to reduce the HARQ-ACK codebook size, it should limit the number of scheduled CCs and indicate the smaller size of HARQ-ACK codebook by the HCI. On the other hand, if eNB prefers to schedule large number of CCs, it shall indicate large size of HARQ-ACK codebook enough to cover all the scheduled CCs in the bundling window. If the HARQ-ACK is transmitted on PUSCH, the HARQ-ACK codebook can be determined not only based on the HCI but also based on the DL/UL DAI within the bundling window. This is the same UE behaviour as in legacy CA, except for the fact that the UE determines HARQ-ACK codebook size in CC-domain based on the HCI indication (see Fig. 4).
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Fig. 3.
Illustration of Alt. 1A for HARQ-ACK on PUCCH.
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Fig. 4.
Illustration of Alt. 1A for HARQ-ACK on PUSCH.
As in FDD case, in Alt. 1A, common understanding is ensured between eNB and UE as long as at least one DL assignment with HCI is detected within the bundling window. One disadvantage of Alt. 1A is that the HCI value cannot be changed in the middle of the bundling window. For example, eNB scheduled smaller number of CCs to the UE in the first subframe, but it may want to schedule large number of CCs from the next subframe. In Alt. 1A, however, since the value of HCI is already fixed in the first subframe, the scheduler cannot allocate CCs more than those included in the HARQ-ACK codebook indicated by the HCI. 

Alt. 1B: UE determines HARQ-ACK codebook according to the HCI indication on the last scheduled subframe or on the subframe(s) whose HARQ-ACK codebook size is the largest (see Fig. 5 and Fig. 6).
Alt. 1B is also based on Alt. 1. The HCI is considered to be the same across all the CC(s) in a subframe, but is allowed to change across subframe(s) within the bundling window. Among the scheduled subframe(s), UE determines the HARQ-ACK codebook size in CC-domain based on the HCI which is included in the DL assignment(s) on the last scheduled subframe or on the subframe(s) whose HARQ-ACK codebook size is the largest. eNB is allowed to change the mind during a bundling window. For example, eNB can indicate smaller size of HARQ-ACK codebook in the first subframe but can indicate larger size of HARQ-ACK codebook in the next subframe (see Fig. 7). Even if the HCI value is changed, as long as at least one DL assignment(s) with HCI indicating the largest size of HARQ-ACK codebook is detected, the same understanding between eNB and UE is ensured. If the HARQ-ACK is transmitted on PUSCH, the HARQ-ACK codebook can be determined not only based on the HCI but also based on the DL/UL DAI within the bundling window. This is the same UE behaviour as in legacy CA, except for the fact that the UE determines HARQ-ACK codebook size in CC-domain based on the HCI indication (see Fig. 6).
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Fig. 5.
Illustration of Alt. 1B for HARQ-ACK on PUCCH.
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Fig. 6.
Illustration of Alt. 1 for HARQ-ACK on PUSCH.
Compared to Alt. 1A, Alt. 1B offers flexibility among subframes within a bundling window to eNB scheduler. Furthermore, with Alt. 1B, the operation in Alt. 1A can be realized by eNB implementation; by simply fixing HCI value for all the CC(s) of all the subframe(s) within the bundling window, Alt. 1B becomes identical to Alt. 1A. However, same understanding is not ensured if the eNB mind change is allowed in the middle of a bundling window. For example, if all the DL assignment(s) indicating the largest size of HARQ-ACK codebook is missed, eNB and UE have different HARQ-ACK codebook understanding. Therefore, in Alt. 1B, it is up to eNB scheduler whether to ensure the common understanding by fixing HCI value or to achieve scheduler flexibility by taking the risk.
Alt. 2A: UE determines HARQ-ACK codebook according to the combination of HCI indication on all the scheduled subframe(s) and on which CC(s)/subframe(s) the PDSCH(s) is(are) scheduled.
Alt. 2A is based on Alt. 2. The main advantage of Alt. 2 over Alt. 1 is to utilize scheduled CC information to determine HARQ-ACK codebook. Based on the same principle, in Alt. 2A, HARQ-ACK codebook is determined by the HCI values and the scheduled CC information of all the scheduled subframe(s) within a bundling window. HCI is considered to be the same across all the CC(s) in a subframe, but is allowed to change across subframe(s) in the bundling window. Among the scheduled subframe(s), UE checks the values of HCI and which CC(s) are scheduled in each subframe, and then determines the HARQ-ACK codebook size in CC-domain based on the HCI values. For example, for HARQ-ACK on PUCCH, if CC#x is included in a HARQ-ACK codebook indicated by at least one HCI in the bundling window, the UE includes HARQ-ACK for CC#x over all the subframe(s) in the bundling window (see Fig. 7). If HARQ-ACK is transmitted on PUSCH, the HARQ-ACK(s) for the HCI indicated CC(s) over the scheduled subframe(s) detected by DL/UL DAI within the bundling window are transmitted (see Fig. 8).
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Fig. 7.
Illustration of Alt. 2A for HARQ-ACK on PUCCH.
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Fig. 8.
Illustration of Alt. 2A for HARQ-ACK on PUSCH.
Compared to Alt. 1A/1B, Alt. 2 offers flexibility among CCs within a bundling window to eNB scheduler. Unlike the relationship between Alt. 1A and Alt. 1B, Alt. 2 cannot be identical to Alt. 1A/1B, since Alt. 2A is based on Alt. 2. Similar to Alt. 1B, same understanding is no longer ensured if all the DL assignment(s) indicating the HARQ-ACK codebook including a particular CC is missed. The robustness becomes similar level to simply using DL DAI.
In summary, for FDD, common understanding can be ensured by either Alt. 1 or Alt. 2. For TDD, Alt. 1A offers the same level of common understanding as in Alt. 1/2 of FDD. Alt. 1B allows flexibility to eNB scheduler, at the cost of reliability; miss understanding occurs if more than one HARQ-ACK codebooks are indicated within a bundling window and all the DL assignment(s) indicating the largest HARQ-ACK codebook in the bundling window are missed. Alt. 2A loses robustness further. Therefore, it can be said that for FDD, either Alt. 1 or Alt. 2 could work well, while for TDD, Alt. 1A or Alt. 1B would be feasible.
As such, compared to DAI-based solutions, HCI-based solutions (i.e., Alt. 1 or 2 for FDD, Alt. 1A or 1B for TDD) can be sufficiently robust; common understanding can be ensured as long as at least one DL assignment having HCI is correctly detected. Besides, there are no ambiguities on the number of CWs and on the last scheduled PDSCH. Furthermore, DL/UL DAI usage can be kept as in legacy releases. Even if the UE receives DL assignment(s) without HCI only (i.e., the DL assignment(s) which schedule the PDSCH(s) of the primary cell transmitted on the common search space), the UE behavior is already clear: PUCCH format 1a/1b is transmitted if DAI=1, PUCCH format 3 otherwise. As such, although the codebook granularity of HCI-based solutions is lower than that of DAI-based approach, it does not require further remedies on the issues raised in section 2.1. 
Another discussion point is the relation between the HCI-based dynamic HARQ-ACK codebook size determination and the PUCCH resource selection. At least for the case of HARQ-ACK/SR only, as long as ARI is available, ARI-based PUCCH resource indication would be promising. This is true even if dynamic PUCCH format adaptation is introduced. Therefore, it is preferable to re-use existing ARI field. In case of FDD, regardless of whether the dynamic PUCCH format adaptation is supported, UE can determine its PUCCH resource by the ARI indicated in any scheduled carriers assuming that the value of ARI in all the scheduled CCs is the same. eNB already determines which PUCCH format is required for the UE beforehand. While in the case of TDD, eNB may change its mind during bundling window from low payload PUCCH format (e.g., PF3) to high payload PUCCH format (e.g., PUSCH-like PF). Considering the preferable ARI value could be different between different PUCCH formats, similar to the HCI, the PUCCH resource determination in TDD should be based on:

Alt. 1A: ARI on any of the DL assignments within a bundling window
Alt. 1B: ARI on the last scheduled subframe or on the subframe(s) whose HARQ-ACK codebook size is the largest within a bundling window.
Proposal 1:

· Considering the simplicity, reliability and commonality for TDD and FDD case, it is preferred to support dynamic HARQ-ACK codebook adaptation by using HARQ-ACK codebook indicator.
3. Dynamic PUCCH format adaptation
As we proposed in [3, 4], we prefer to support two new PUCCH formats for Rel.13 CA. One new PUCCH format is the PUSCH-like PUCCH format which was already agreed, and the other is the new PUCCH format including CDM. Besides, PUCCH format 3 should also be applicable to some Rel.13 CA configurations with up to 22 HARQ-ACK/SR bits. Different PUCCH formats require different received SINR to satisfy the minimum requirements on HARQ-ACK feedback since physical layer designs are different. If it is preferable to keep the required SINR as low as possible, for each number of HARQ-ACK bits, a PUCCH format requiring the lowest SINR should be selected. Since dynamic HARQ-ACK codebook adaptation has already been agreed, the PUCCH format selection could also be based on the HARQ-ACK codebook size. The actual switching point(s) between different PUCCH formats should be determined according to the simulation evaluations once detailed PUCCH format design(s) is fixed.

On the other hand, it is not always true that a PUCCH format having the lowest required SINR is the best choice. For example, for up to 22 HARQ-ACK/SR bits, PUCCH format 3 requires higher SINR than PUSCH-like PUCCH format due to its higher coding rate and due to no CRC. However, the UL overhead of PUCCH format 3 is much smaller than that of PUSCH-like PUCCH format. Therefore, if the coverage or transmit power is not the concern, the network may still prefer to use PUCCH format 3 instead of PUSCH-like PUCCH format for up to 22 HARQ-ACK/SR bits. As such, especially for UL overhead point of view, it is not always optimal to use the PUCCH format of which required SINR is the lowest. Therefore, we propose the following.
Proposal 2:

· Support dynamic PUCCH format adaptation according to the number of HARQ-ACK/SR bits.

· Same understanding on the used PUCCH format between eNB and UE should be ensured.

· Actual switching point(s) between different PUCCH formats should be determined by simulation evaluation once the designs of PUCCH format(s) are clear.

· Allow a configuration to keep the PUCCH format unchanged irrespective of the number of HARQ-ACK/SR bits.

· UL overhead can be saved at the cost of SINR.

4. Conclusion
In this contribution, we discussed potential solutions on dynamic HARQ-ACK codebook size determination and on dynamic PUCCH format adaptation for CA with up to 32 CCs and reached following proposals.
Proposal 1:

· Considering the simplicity, reliability and commonality for TDD and FDD case, it is preferred to support dynamic HARQ-ACK codebook adaptation by using HARQ-ACK codebook indicator.
Proposal 2:

· Support dynamic PUCCH format adaptation according to the number of HARQ-ACK/SR bits.

· Same understanding on the used PUCCH format between eNB and UE should be ensured.

· Actual switching point(s) between different PUCCH formats should be determined by simulation evaluation once the designs of PUCCH format(s) are clear.

· Allow a configuration to keep the PUCCH format unchanged irrespective of the number of HARQ-ACK/SR bits.

· UL overhead can be saved at the cost of SINR.
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