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1 Introduction

At RAN WG1 #61bis meeting it has been decided that terminals supporting more than 4 HARQ feedback bits use a PUCCH scheme based on DFTS-OFDM. Further details how this PUCCH scheme is designed can be found in companion contribution [1]. In [2] extensions to transmit diversity are outlined.

This contribution details configuration aspects of PUCCH resources and also when the new PUCH format should be used.

2 Discussion

2.1 Utilization of DFTS-OFDM PUCCH

If a terminal – even if configured with multiple component carriers – only receives a DL assignment for the PCC the terminal should transmit the HARQ feedback using Rel-8/9 PUCCH. Since a PCC assignment is scheduled with PDCCH on the PCC there will be according to Rel-8/9 rules a corresponding PUCCH resource reserved on the UL PCC. A stand-alone PCC assignment is in principal a Rel-8/9 transmission and therefore it is reasonable to reuse the Rel-8/9 PUCCH and resource. 

If only an assignment for a single SCC is received no such resource is reserved. HARQ feedback should therefore be transmitted using the DFTS-OFDM PUCCH. Typically a terminal is not scheduled only on an SCC since in this case the scheduler would preferable schedule a terminal on the PCC and de-activated not used SCCs.

HARQ feedback for multiple component carriers is fed back using DFTS-OFDM PUCCH.

The following error case can occur if a terminal is scheduled on the PCC as well as on one or multiple SCCs: The eNB expects HARQ feedback on DFTS-OFDM PUCCH since the UE has been scheduled on multiple component carriers. However, if the terminal misses all but the PCC assignment it will use Rel-8/9 PUCCH instead. To detect this error case the eNB needs to monitor both Rel-8/9 PUCCH and DFTS-OFDM PUCCH. 

Proposal 1: If a terminal configured with multiple DL component carriers receives one or multiple SCC DL assignments it uses DFTS-OFDM PUCCH. If a terminal configured with multiple DL component carriers receives a stand-alone PCC DL assignment it uses Rel-8/9 PUCCH format and resources.

2.2 DFTS-OFDM PUCCH Payload and Resources
Depending on the number of actually received DL assignments the terminal has to provide the corresponding number of HARQ feedback bits. 

In a first design approach the terminal could adopt the DFTS-OFDM PUCCH payload according to the number of received assignments and provide feedback accordingly. However, PDCCH with DL assignments may be missed. Adopting DFTS-OFDM PUCCH format according to received DL assignments is therefore ambiguous and would require testing of many different hypotheses at eNB. 

Alternatively the PUCCH format could be signalled in the activation message. RAN2 decided that activation/de-activation is done with MAC control elements and per-component carrier activation/de-activation is supported [3]. MAC signalling together with the HARQ feedback signalling indicating if the activation command has been received successfully is error prone and also this approach has the same drawbacks as mentioned above.

Basing the DFTS-OFDM PUCCH format on the number of configured component carriers seems therefore the most reliable choice. Configuration of component carriers is based on RRC signalling and therefore reliable. 

The DFTS-OFDM PUCCH format is designed to provide two HARQ feedback bits per configured component carrier if spatial bundling is not applied. Not needed HARQ feedback bits (e.g. not scheduled/received assignments for component carriers, single code-word transmissions) are set to NACK. For a given number of configured component carriers, the HARQ feedback bit for each transport block has a fixed position in the payload, i.e. the position does not depend on the number of received assignments. The drawback of basing the PUCCH format on the number of configured component carriers seems at a first glance that unnecessarily many feedback bits are transmitted if not all configured component carriers are actually scheduled. However, we show in [4] that eNB receiver can compensate for this loss if it utilizes scheduling knowledge during DFTS-OFDM PUCCH decoding.

Proposal 2: The DFTS-OFDM PUCCH payload size (number of HARQ feedback bits) is semi-statically configured and is twice the number of configured DL component carriers if spatial bundling is not applied. HARQ feedback bits corresponding to not received/used DL transport block assignments are set to NACK.

Also the resources used by DFTS-OFDM PUCCH needs to be signaled with high reliability. In case of a mismatch between the resources the terminal uses and the resources assigned by the eNB PUCCH collisions may occur. Including the DFTS-OFDM PUCCH resources in the activation command is therefore not desirable since MAC signaling is not sufficiently reliable. 

The remaining alternatives are then to include the resource indicator in the DL assignment or to use RRC signaling. 

RRC signaling is reliable but slow and resources assigned with RRC signaling cannot be adopted dynamically but are assigned to a terminal when the first DL SCC is added. Therefore all terminals that are configured with multiple component carriers are associated with a DFTS-OFDM PUCCH resource. At the same time an over provisioning of DFTS-OFDM PUCCH resources is not desirable since this implies additional overhead. Even though reserved but currently not used DFTS-OFDM PUCCH resource blocks can be used for PUSCH transmissions there is a risk of fragmenting the UL bandwidth and reserving too many DFTS-OFDM PUCCH resources is therefore not desirable.

In a typical scenario not too many terminals will actually be scheduled on multiple component carriers in the same subframe. It is therefore possible to re-use DFTS-OFDM PUCCH resources and assign the same DFTS-OFDM PUCCH resource to multiple terminals. This implies a scheduling restriction in the sense that terminals sharing the same DFTS-OFDM PUCCH cannot be scheduled simultaneously. However, as stated earlier the number of terminals scheduled on multiple component carriers is typical rather small and the scheduling restrictions do not seem to be severe. RRC signaling of DFTS-OFDM PUCCH resources is therefore proposed as baseline.

Adding a dynamic DFTS-OFDM PUCCH resource indicator would mitigate the scheduling restrictions. Such a resource indication could be included on the transmitted PDCCH as part of the DL scheduling assignment. However, we do not consider above scheduling restriction severe enough justifying an increased DCI format size. 

We propose therefore to re-use the TPC bits transmitted on PDCCH for SCCs for dynamic DFTS-OFDM PUCCH resource indication while maintaining the DCI payload size. In its normal use TPC bits contained in a DL assignment power control the corresponding PUCCH transmission. Since there is only one PUCCH transmission all received TPC bits refer to the same PUCCH transmission. It is therefore sufficient to include true TPC bits only on one PDCCH, preferable on PDCCH transmitted on the PCC. TPC bits transmitted on PDCCH for SCCs contain a dynamic DFTS-OFDM PUCCH resource indicator. To avoid errors due to missed SCCs assignments the same DFTS-OFDM PUCCH resources are indicated on PDCCH for each SCC. 

As we propose in Section 2.1 a terminal uses Rel-8/9 PUCCH if it only receives a PCC assignment and otherwise DFTS-OFDM PUCCH. If a terminal is not scheduled on the PCC or misses the PCC assignment no TPC command is received and DFTS-OFDM PUCCH needs to be transmitted with the last valid power setting. However, the likelihood of a missed assignment is in the order of 1 % and as explained in Section 2.1 SCC assignments without PCC are also uncommon.

If the terminal misses some of the SCC assignments but receives at least one SCC assignment it still receives the dynamic DFTS-OFDM PUCCH resources indication (the dame resource indication is transmitted for all SCCs). Only if the terminal misses all DL SCC assignments it does not receive the dynamic DFTS-OFDM PUCCH resource indication, however, if only a PCC assignment is received Rel-8/9 PUCCH is used.

Proposal 3: RRC signaling together with a dynamic DFTS-OFDM PUCCH resource indicator indicate the DFTS-OFDM PUCCH resource. The dynamic DFTS-OFDM PUCCH resource indicator is transmitted in the TPC bit field of DL assignments for SCCs. 

3 Conclusion
In this contribution we discuss utilization and resource indication for DFTS-OFDM PUCCH. We make the following recommendations:

Proposal 1: If a terminal configured with multiple DL component carriers receives one or multiple SCC DL assignments it uses DFTS-OFDM PUCCH. If a terminal configured with multiple DL component carriers receives a stand-alone PCC DL assignment it uses Rel-8/9 PUCCH format and resources.

Proposal 2: The DFTS-OFDM PUCCH payload size (number of HARQ feedback bits) is semi-statically configured and is twice the number of configured DL component carriers if spatial bundling is not applied. HARQ feedback bits corresponding to not received/used DL transport block assignments are set to NACK.

Proposal 3: RRC signaling together with a dynamic DFTS-OFDM PUCCH resource indicator indicate the DFTS-OFDM PUCCH resource. The dynamic DFTS-OFDM PUCCH resource indicator is transmitted in the TPC bit field of DL assignments for SCCs. 
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