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1. Introduction

With the agreement taken at RAN1 #58bis that HARQ feedback of all scheduled CCs shall be transmitted on a single UL CC [3] – the Primary UL CC [4] – a new PUCCH transmission mode needs to be specified capable of supporting the required number of feedback bits. 

For convenience the relevant agreements from RAN1 #58bis are repeated below [3]:

· Rel10 design supports up to 5 DL CC

· Consider extendability to larger number of DL CC in the future

· All A/N for a UE can be transmitted on PUCCH in absence of PUSCH transmission

· Support mapping onto one UE specific UL CC

· One A/N for each DL CC transport block should be supported

· Limited A/N transmission for the DL CC transport blocks should be supported for power limitation

· Support for simultaneous A/N transmission on multiple UL CC is FFS

· One A/N for each DL CC transport block should be supported

· Limited A/N transmission for the DL CC transport blocks should be supported for power limitation

· Exact method for A/N resource allocation is FFS

· Do not optimize the A/N feedback for multiple DL CC assuming large number of UEs being simultaneously scheduled on multiple DL CC 

· Consider performance and power control issues (CM, BER...) 

Clarifications:

· A/N mapping onto one UL CC: semi-static and dynamic mapping are not excluded.

· Multiple PUCCH on an UL CC is not excluded.
At the RAN1 #60 meeting the following additional agreements have been taken [5]:
· Agreements:

· Simultaneous A/N on PUCCH transmission from 1 UE on multiple UL CCs is not supported 

· A single UE-specific UL CC is configured semi-statically for carrying PUCCH A/N 

· Note that this agreement is unrelated to which DL CCs may carry PDCCH for a UE. 

· Method for assigning PUCCH resource(s) for a UE on the above single UL carrier in case of carrier aggregation

· Implicit / Explicit / Hybrid: FFS

· Note that for a CA-capable UE that is configured for single UL/DL carrier-pair operation, single-antenna PUCCH resource assignment shall be done as per Rel-8.

· Continue discussion offline during this week:

· Method(s) for A/N multiplexing

· How many simultaneous PUCCH signals?

· PUCCH format 1b with SF reduction to 2 or 0

· Channel selection, e.g. with:

· extended to support 5 CCs

· used in conjunction with another scheme for the 5th CC

· with spatial bundling for dual codeword case

· PUCCH format 2 

· New PUCCH signal/format (e.g. DFT-S-OFDM based) 

· A/N bundling within / across CCs

· Also consider TDD

· Whether the single UE-specific UL CC carrying PUCCH A/N transmission is always the same for SR and CQI

At the last RAN1 #60bis it has been furthermore agreed [7]:

· Agreements: Exclude from further consideration the following schemes:
· SF reduction to 1

· Multiple simultaneous PUCCH transmission for A/N in multiple non-adjacent PRBs
· The following is agreed for at least FDD: 
· Maximum 10 A/N bits shall be supported

· FFS: 12 bits if DTX is explicitly indicated

· Optimisation shall be for M to N bits where M<N<10
The present contribution discusses our view and states our preferences on multi-ACK/NACK transmission for Carrier Aggregation.
2. Discussion

2.1. ACK/NACK payload size

At the meeting RAN1 #58 [3] it has been agreed that ACK/NACK for all scheduled DL CC has to be feedback on a single UL CC, the Primary UL CC [4]. It has been furthermore agreed that the RAN1 specification shall support individual HARQ feedback for all scheduled transport blocks on up to five CC [3]. Assuming dual-codeword transmission on each CC the number of required feedback bits can be as high as 10 bits, even though it was agreed [7] not to optimize for 10 bits.
2.2. PUCCH format for multiple ACK/NACK

RAN2 agreed on a cell-specific (SIB2) linking between UL PCC and DL PCC [8] (additional linking are FFS).  All terminals sharing the same DL PCC will have the same UL PCC. In an asymmetric deployment scenario it may still be possible that multiple DL CCs are cell-specifically linked with the same UL PCC.

Terminals only configured with a single DL CC (which is then the DL PCC) and UL CC (which is then the UL PCC) are operating dynamic ACK/NACK on PUCCH according to Rel-8/9 specification. The first CCE used to transmit PDCCH for the DL assignment determines the dynamic ACK/NACK resource on Rel-8/9 PUCCH.

It makes sense to extend this concept even to terminals which have multiple DL CCs configured. Each PDCCH with a DL assignment transmitted on the DL PCC has according to Rel-8/9 a corresponding PUCCH resource on the UL PCC. Even if a terminal is configured with multiple DL CCs but only receives a DL PCC assignment it should still use the Rel-8/9 PUCCH resource on UL PCC. The alternative would be to also use for a single DL PCC assignment the Carrier Aggregation PUCCH scheme that enables HARQ feedback corresponding to the number of configured CCs. Since configuration (RRC signaling) is a rather slow process and a terminal may be often configured with multiple CCs – even though only the DL PCC is active and used – this would lead to a very inefficient usage of Carrier Aggregation PUCCH resources. As we will show in Section 2.3 it is preferable to adopt PUCCH format according to configuration status of CCs and not activation status. The latter would allow for a faster tracking of actually required CCs but may easily lead to misunderstandings between eNB and terminal regarding PUCCH format since activation/de-activation is based on MAC control element signaling which is less reliable than RRC signaling.

Proposal 1: Independent of the number of configured and activated DL component carriers a terminal uses Rel-8/9 PUCCH format and resources if it only receives a DL PCC assignment.
Upon reception of DL assignments on a single Secondary CC (SCC) or reception of multiple DL assignments Carrier Aggregation PUCCH should be used. While in the latter case it is obvious to use Carrier Aggregation PUCCH – only Carrier Aggregation PUCCH supports feedback of HARQ bits of multiple CCs – it is less obvious also to use Carrier Aggregation PUCCH in the first case. A DL SCC assignment alone is atypically; the eNB scheduler should strive to schedule a single DL CC assignment on the DL PCC and try to de-activate DL SCCs if not needed. Furthermore if the PDCCH for an SCC assignment is transmitted on the SCC no corresponding Rel-8/9 PUCCH resource exists on the UL PCC. Using the Rel-8/9 PUCCH even for stand-alone DL SCC assignments would require reserving Rel-8/9 PUCCH resources on the UL PCC for any DL CC that is configured by any terminal using this UL PCC. Since stand-alone DL SCC assignments are atypical this would lead to an unnecessary over provisioning of Rel-8/9 PUCCH resources on UL PCC. 

Even though a corresponding Rel-8/9 PUCCH resource exists for the DL PCC assignment (if scheduled) it is proposed that HARQ feedback for the DL PCC is sent together with HARQ feedback from DL SCC assignments using Carrier Aggregation PUCCH to avoid cubic metric increase and intermodulation issues in the transmitted signal.

Proposal 2: Carrier Aggregation PUCCH is used if terminal receives at least one DL assignment on an SCC. Carrier Aggregation PUCCH is used to transmit HARQ feedback for both DL PCC (if assignment received) and DL SCC assignments.

A possible error case that may occur is that eNB schedules terminal on multiple DL CCs including the PCC. If the terminal misses all but the DL PCC assignment it will use Rel-8/9 PUCCH instead of Carrier Aggregation PUCCH. To detect this error case eNB has to monitor both the Rel-8/9 PUCCH and the Carrier Aggregation PUCCH.
2.3. Configuration of Carrier Aggregation PUCCH 

Depending on the number of actually received DL assignments the terminal has to provide the corresponding number of HARQ feedback bits. In a first case the terminal could adopt the Carrier Aggregation PUCCH format according to the number of received assignments and provide feedback accordingly. However, PDCCH with DL assignments may be missed. Adopting Carrier Aggregation 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 set/included in the activation message. RAN2 decided that activation/de-activation is done with MAC control elements and per-CC activation/de-activation is supported [4]. MAC signaling  and the HARQ feedback signaling indicating if the activation command has been received successfully is error prone and also this approach requires testing of multiple hypothesis at eNB.

Basing the Carrier Aggregation PUCCH format on the number of configured CCs seems therefore the safest choice. Configuration of CCs is based on RRC signaling and therefore reliable. Drawback of RRC signaling is the relatively slow speed and the Carrier Aggregation PUCCH format cannot track the number of actually scheduled CCs. 

The Carrier Aggregation PUCCH format is designed to provide two HARQ feedback bits per configured component carrier if spatial bundling is not applied and one HARQ feedback bit if spatial bundling is applied. It is currently also discussed to include explicit DTX indication in the HARQ feedback message [7]. Not needed HARQ feedback bits (due to not scheduled/received assignments for a CC or single codeword transmissions on a CC requiring a single HARQ feedback bit) are set to NACK. For example, if a terminal is configured with three component carriers the Carrier Aggregation PUCCH format would support six bits. The drawback of this proposal seems at a first glance that unnecessarily many bits are transmitted if not all configured CCs are actually scheduled. However, we show in [6]
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[9] that eNB receiver can compensate for this loss if it utilizes scheduling knowledge during Carrier Aggregation PUCCH decoding. 

Proposal 3: The Carrier Aggregation PUCCH resources and format are semi-statically configured. 

2.4. Carrier Aggregation PUCCH Transmission Scheme

The Carrier Aggregation PUCCH is based on DFTS-OFDM. Figure 1 shows a block diagram of the proposed transmitter. The multiple ACK/NACK bits are encoded by the (32, O) RM code with circular buffer rate matching [2] into 48 coded bits, where O=n with spatial bundling and O=2n without spatial bundling. The number 
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denotes the number of configured CCs. It is worthwhile to mention that this is encoder is already used in Rel-8/9. The coded bits are scrambled with cell-specific and possible DFTS-OFDM symbol dependent sequences. 24 bits are transmitted within the first slot and the other 24 bits are transmitted within the second slot. The 24 bits are converted into 12 QPSK symbols, DFT precoded, spread across five DFTS-OFDM symbols and transmitted within one resource blocks (bandwidth) and five DFTS-OFDM symbols (time). The spreading sequence 
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is UE specific and enables multiplexing of up to five users within the same resource blocks.

For the reference signals cyclic shifted CAZAC sequences, e.g. the computer optimized sequences in [1] can be used. To improve orthogonality among reference signals even further an orthogonal cover code of length two can be applied to the reference signals.

Proposal 4: CA PUCCH is based on DFTS-OFDM transmission.
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	Figure 1
: Block diagram of the proposed Carrier Aggregation PUCCH transmitter.


3. Conclusions

In this contribution we discuss HARQ feedback for terminals configured with Carrier Aggregation. We make the following proposals:

Proposal 1: Independent of the number of configured and activated DL component carriers a terminal uses Rel-8 /9 PUCCH format and resources if it only receives a DL PCC assignment.
Proposal 2: Carrier Aggregation PUCCH is used if terminal receives at least one DL assignment on an SCC. Carrier Aggregation PUCCH is used to transmit HARQ feedback for both DL PCC (if assignment received) and DL SCC assignments.
Proposal 3: The Carrier Aggregation PUCCH resources and format are semi-statically configured. 

Proposal 4: CA PUCCH is based on DFTS-OFDM transmission.
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