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1 Introduction

In RAN1#62 it was agreed that a UE using PUCCH Format 3 (DFT-S-OFDM) for HARQ-ACK feedback will also be configured by RRC one or more resources for PUCCH Format 3 transmission and each PDCCH scheduling PDSCH transmission on each (configured) SCell will indicate a resource (using a “A/N Resource Indicator”, ARI) that is derived from the RRC configured resource(s) [1]. Moreover, the ARI should not increase the DCI format size.
The main outstanding issues are:

a) The method for each PDCCH scheduling PDCCH on each Scell in a sub-frame to provide the ARI without introducing overhead (new bits). This can be considered in conjunction with 
a. The number of states the ARI should provide (i.e. how many RRC resources ARI should index).
b. Whether the UE uses Rel.8 resources (PUCCH format 1a/1b) or the RRC configured resource (PUCCH Format 3) when it does not receive any PDCCH scheduling PDSCH in any Scell.

b) Whether ARI applies or not for channel selection. 
c) The number of resources configured by RRC (one or multiple).

This contribution addresses these outstanding issues.
2 HARQ-ACK Resource Mapping in PUCCH for DL CA
The use of ARI to dynamically index the resource used for the PUCCH Format 3 transmission can considerably decrease the UL overhead as the multiplexing capacity per PRB for PUCCH Format 3 is low and multiple UEs can share the same resource [2]. Two alternatives are subsequently considered for providing the ARI in the PDCCHs scheduling PDSCHs in Scells without introducing additional bits.
2.1 Use of TPC IE in PDCCHs Scheduling PDSCHs in Scells
A first approach to provide the ARI without introducing additional bits in PDCCHs scheduling PDSCHs in Scells is to use the bits of the TPC IE since, due to HARQ-ACK transmission only in the Pcell, they nominally provide redundant information (the actual TPC bits for PUCCH Format 3 transmission power control are obtained from the PDCCH scheduling PDSCH in the Pcell). This approach is robust for the baseline case that the UE receives PDCCH scheduling PDSCH in the Pcell and at least one Scell. Its implications need to be further considered in the following cases:

a) The UE does not receive any PDCCH scheduling PDSCH in any Scell.

a. The UE misses all PDCCHs scheduling PDSCHs in all Scells.

b. There is no PDCCH scheduling PDSCH in any Scell.

b) The UE does not receive PDCCH scheduling PDSCH in the Pcell.

a. The UE misses the PDCCH scheduling PDSCH in the Pcell.

b. There is no PDCCH scheduling PDSCH in the Pcell.
For the first case and when a UE misses all PDCCHs scheduling PDSCHs in Scells, the ARI is missed and the PUCCH Format 3 transmission from the UE may collide (use the same resource) with the PUCCH Format 3 transmission from another UE. For one Scell with respective PDCCH transmission, the product of PDCCH miss probability (1e-2) times the probability of resource collision (0.25 as the ARI indexes 4 resources - 2 TPC bits), leading to potentially multiple NACK-to-ACK or ACK-to-NACK errors, is larger than the target NACK-to-ACK error of at most 1e-3. Without additional measures, this situation can only be resolved by the UE relying on PUCCH Format 1a/1b for HARQ-ACK transmission associated with PDSCH reception in the Pcell (using the implicitly derived resource as in Rel.8 or the RRC-configured resource for SPS) and the eNodeB blindly detecting whether PUCCH Format 1a/1b or PUCCH Format 3 was used. Such blind format detection is not a major issue and it is already applicable in Rel.8 (e.g. to check whether HARQ-ACK is transmitted in the HARQ-ACK resource or in the SR resource, or whether the HARQ-ACK is transmitted in the PUCCH or in a scheduled PUSCH). 
When there is no PDCCH scheduling PDSCH in any Scell, there is no problem as the eNodeB already knows which resource the UE will use (whether it is the RRC-configured PUCCH Format 3 resource, in case of no fall-back, ot the Rel.8 resource in case of Rel.8 fallback for the HARQ-ACK transmissions).

For the second case and when the UE misses the PDCCH scheduling PDSCH in the Pcell, the TPC command is also missed. Assuming that the TPC command instructs the UE to adjust its transmission power by one of {-1 0 1 3} dB, as in Rel.8, missing a TPC command of -1 dB or 0 dB will not adversely affect the reliability of PUCCH Format 3 reception while missing a TPC command of 1 dB or 3 dB will degrade the reliability of PUCCH Format 3 reception. Considering the worst case scenario that a TPC command of 3 dB is missed then, for a NACK-to-ACK target BER of 1e-3, the BER increases by at most a factor of 7 (e.g. [3, 4]) and becomes 7e-3. However, such HARQ-ACK BER is conditioned on the probability that the UE misses the PDCCH scheduling PDSCH in the Pcell and on the TPC command being 3 dB. Therefore, the overall HARQ-ACK BER for the combined event is less than 7e-3 x 1e-2 x 0.5 = 3.5e-6 (the 0.5 factor corresponds to the TPC command being 1 dB or 3 dB) and the overall impact is not significant.  
For the second case and when there is no PDCCH scheduling PDSCH in the Pcell (not a likely operating setup), the TPC command is always missed. However, the eNodeB is aware of this event. If the eNodeB considers that the UE should decrease or keep unchanged the PUCCH Format 3 transmission power (TPC command of -1 dB or 0 dB), there is again no issue with the reception reliability of PUCCH Format 3. If the eNodeB considers that the UE needs to increase its PUCCH Format 3 transmission power (TPC command of 1 dB or 3 dB), the eNodeB can account for this by appropriate threshold selection or by relying on the use of the TPC command in DCI Format 3/3A as in Rel.8. 
Therefore, the TPC IE in the PDCCH scheduling PDSCH in the Scells can serve as ARI.
Proposal 1a: The TPC IE in the PDCCHs scheduling PDSCHs in Scells serves as ARI.

Proposal 1b: The UE uses the Rel.8 HARQ-ACK transmission method when it does not receive any PDCCH scheduling PDSCH in any Scell.
2.2 Partial Use of RV IE in PDCCHs Scheduling PDSCHs in Scells
A second approach to provide the ARI without introducing additional bits in PDCCHs scheduling PDSCHs in Scells is to use RV IE bits since DTX feedback is not supported. Clearly, the eNodeB may still apply IR HARQ and rely on the RV IE but, without explicit DTX support, the usefulness of IR HARQ is diminished and may even become detrimental (particularly for the second and third HARQ retransmissions as the probability of at least one DTX becomes comparable or larger than the probability of at least 2 incorrect PDSCH receptions). Therefore, in the absence of DTX support, IR HARQ can be limited to the first retransmission while practically obtaining all gains from IR HARQ. Then, the second bit of the RV IE becomes available and can be used for one of the following functionalities:

a) Complement the 2 bits of the TPC IE in PDCCH scheduling PDSCH in Scells to obtain a 3-bit ARI (increase the ARI range to index 8, instead of 4, resources) and allow greater resource sharing for PUCCH Format 3 and further reduce the required RRC-configured overhead.

b) Use only 1 TPC IE bit and 1 RV IE bit as a 2-bit ARI - use the other bit of the TPC IE for partial power control to lessen the impact from not having TPC commands in PDCCHs scheduling PDSCHs in Scells.
The advantage of increasing the ARI range from 4 to 8 resources (from 2 bits to 3 bits) is a direct reduction in required RRC configured resources for a respective increase in UL cell throughput. For example, considering a DFT-S-OFDM multiplexing capacity of 4 UEs/PRB (due to SRS multiplexing) and assuming that only 10% of the at least 600 active (non-DRX) UEs at 10 MHz [5] are configured with CA, the overhead to support CA with unique RRC-configured resources (no ARI) is a fixed 30% (obviously excessive). Under the (approximate) assumption that the number of UEs sharing the same PUCCH Format 3 resource is equal to the ARI range, the overhead becomes 7.5% with 2-bit ARI and 3.75% with 3-bit ARI. Scheduler restrictions could reduce the required overhead, including the relative differences of the previous overhead values, but significant differences are still practically certain to remain (e.g. over 2% between a 2-bit ARI and a 3-bit ARI) and the scheduler restrictions for 2-bit ARI would be stricter that for 3-bit ARI.  

The advantage of maintaining a 2-bit ARI while allowing for a 1-bit TPC command in PDCCHs scheduling PDSCHs in Scells is the availability of partial closed loop TPC when the UE does not receive PDCCH scheduling PDSCH in the Pcell. For example, if the TPC command in the Pcell is either -1 dB or 0 dB, the TPC command in the Scell is -1 dB while if the TPC command in the Pcell is either 1 dB or 3 dB, the TPC command in the Scell is 1 dB (as for DCI Format 3A). If the UE receives PDCCH scheduling PDSCH in the Pcell, it follows the respective TPC command. Another advantage of partial closed-loop TPC is that the eNodeB’s uncertainty of the UE’s transmission power for PUCCH Format 3 is reduced when the UE misses the PDCCH scheduling PDSCH in the Pcell (the eNodeB needs to assume that the PUCCH Format 3 transmission power is based on the TPC command in the PDCCH scheduling PDSCH in the Pcell, when it exists).
Although it is not immediately clear which functionality is more important, as they are not directly related, given that the usefulness of the second functionality is applicable only when the UE misses the PDCCH scheduling PDSCH in the Pcell and, as it was previously discussed, the overall probability for a meaningful impact on the HARQ-ACK BER is lower than the nominal HARQ-ACK BER, the first functionality is preferred. In the highly unlikely case where the eNodeB needs to transmit PDCCH to schedule PDSCH only in Scells (not typical) and significant increase in the PUCCH Format 3 transmission power is required (also not typical as actual HARQ-ACK information for the Pcell is not included and the actual HARQ-ACK payload is likely reduced), the eNodeB may also transmit PDCCH to schedule PDSCH in the Pcell (and thus provide TPC commands).
The second RV IE bit in the PDCCH scheduling PDSCH in the Pcell can be used to provide essential enhancements to the Rel.8 transmission power control for PUCCH Format 3 as, due to the absence of DAI in PDCCH formats scheduling PDSCH, a UE cannot adjust the PUCCH Format 3 transmission power according to the actual HARQ-ACK payload [5].

In case that MIMO transmission is configured in some Scells, the RV IE bit for the second transport block can be set to a fixed value (e.g. 0).
Proposal 2: Use 1 RV IE bit in PDCCHs scheduling PDSCHs in Scells to complement for ARI the 2 TPC IE bits.

2.3 Using ARI for Channel Selection
The use of ARI for channel selection is applicable only for HARQ-ACK transmission resources in response to PDSCH reception in the Scell in case of no cross-cell scheduling (RRC-configured resources for HARQ-ACK transmission corresponding to SPS PDSCH in the Pcell are not relevant to the use of ARI). Therefore, without cross-cell scheduling, 1-2 RRC-configured resources are required to support channel selection. As CA configuration to a UE is primarily to support high data rates and as such UEs will be typically experiencing high SINRs, use of DL MIMO may also be assumed leading to the need of 2 RRC-configured resources for the respective HARQ-ACK transmission from the Scell.
Using the previous example and assuming that 10% of the at least 600 active (non-DRX) UEs at 10 MHz [6] are configured with CA and DL MIMO, the HARQ-ACK overhead to support channel selection without ARI is 2x60/18
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. Conversely, under the approximate assumption that the number of UEs sharing the same resources is equal to the range of the ARI, the overhead becomes 6.67% for 
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A reduction of ~7% in the required UL overhead to support channel selection is substantial and will remain so even if a much smaller percentage of active UEs is assumed to be configured with CA and/or DL MIMO. Therefore, the use of ARI should also apply in case of channel selection (UL overhead for HARQ-ACK transmission with CA should not be reduced only when PUCCH Format 3 is used). Moreover, as the mapping tables for channel selection are designed assuming implicit resource allocation, there is no additional issue associated with the use of ARI for channel selection, relative to PUCCH Format 3, when a PDCCH for the Pcell or the Scell does not exists or it is missed by a UE.

Proposal 3: ARI is also used in case of channel selection with cross-cell scheduling.

2.4 RRC Configured Resources per UE for PUCCH Format 3
The number of resources configured to a UE by RRC for PUCCH Format 3 transmission can be either of:

a) One resource with the ARI providing an offset relative to that resource.

b) Equal to the number of resources that can be indicated by the ARI (e.g. 4 for 2-bit ARI, 8 for 3-bit ARI) with the ARI providing the exact resource.

In terms of functionality, the above two approaches are practically equivalent. In terms of RRC overhead, the first approach is preferable.

Proposal 4: A UE is RRC-configured one PUCCH Format 3 resource. The ARI provides an offset relative to the RRC-configured resource for the UE to determine the actual resource for PUCCH Format 3 transmission.

3 Conclusions

This contribution considered the outstanding issues for HARQ-ACK resource mapping in the PUCCH in support of CA. The following are proposed:

Proposal 1a: The TPC IE in the PDCCHs scheduling PDSCHs in Scells serves as ARI.

Proposal 1b: The UE uses the Rel.8 HARQ-ACK transmission method when it does not receive any PDCCH scheduling PDSCH in any Scell.
Proposal 2: Use 1 RV IE bit in PDCCHs scheduling PDSCHs in Scells to complement for ARI the 2 TPC IE bits.

Proposal 3: ARI is also used in case of channel selection with cross-cell scheduling.

Proposal 4: A UE is RRC-configured one PUCCH Format 3 resource. The ARI provides an offset relative to the RRC-configured resource for the UE to determine the actual resource for PUCCH Format 3 transmission.
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