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1. Introduction

Bandwidth extension by means of carrier aggregation has been studied in RAN1 for quite some time, and at the RAN plenary meeting in December, the work item was agreed. Considering UE capabilities and spectrum flexibility, the support of asymmetric configurations, in the sense that the number of carriers aggregated in uplink and downlink is different, is needed. There will then not be a one-to-one relationship between uplink and downlink carriers and this has an impact on L1/L2 signaling such as grants, assignments and ACK/NACK feedback. At RAN1 #58bis, the following agreements were reached relevant to ACK/NACK transmission in the uplink:

· 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.

The present contribution considers ACK/NACK transmission in the uplink and discusses some implications of these agreements, more specifically formats and resources are discussed.
2. Discussion

2.1. ACK/NACK Codebook Size

RAN2 recently agreed [3] to support fast activation and de-activation of DL component carriers. Activation and de-activation will either be based on an L1/L2 control signaling or MAC control elements. Upon activation of a DL component carrier a terminal must be able to receive PDSCH on it. The maximum number of simultaneous DL assignments a terminal can receive is therefore limited by the number of activated DL component carriers. The actual number of assignments can vary between 0 and the number of activated DL component carriers. Furthermore, even if a terminal is scheduled on 
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DL component carriers it may actually only be able to as successfully decode 
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 PDCCH carrying DL assignments. This event is commonly referred to as DTX in this context. 

With  
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 activated DL component carriers and each component carrier configured with dual codeword transmission the total number of HARQ feedback states is 5 per DL component carrier (ACK,ACK), (ACK,NACK), (NACK,ACK), (NACK,NACK) and (DTX) and 
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 for all activated DL component carriers. However, in the event of not receiving any DL assignment the UE may use DTX signaling to indicate this to the eNode, resulting in 
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states to encode. In a similar way we obtain 
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 states that need to be encoded for single codeword transmission.  If some DL component carriers are scheduled with single codeword and some with dual codeword transmission the number of feedback states becomes
[image: image7.wmf]1

1

-

P

=

n

n

l

f

, with 
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 being the number of ACK/NACK feedbacks per DL component carriers (3 and 5 for single and dual codeword transmission, respectively).

For the maximum number of 5 activated DL component carriers and each scheduled with dual codeword transmission the number of bits required to feedback all states becomes 12 bits (assuming FDD). Due to this large amount of bits we propose in [1]

 REF _Ref253997248 \r \h 
[2] a new PUCCH format for carrier aggregation.

It can be observed that the number of feedback states and thus the required size of the ACK/NACK codebook strongly depends on the number of activated DL component carriers. Since successful transmission of a codeword out of a larger codebook requires higher SINR it is proposed to adopt the required codebook to the number of activated DL component carriers. The activation schemes currently discussed in RAN2 [3] – L1/L2 signaling or MAC control elements – are both rather quick compared to higher-layer signaling required to re-configure component carriers. Our assumption is therefore that a terminal with multiple DL component carriers activated will also be scheduled on most of them during the majority of time and thus requires this large ACK/NACK space.

The alternative would be to base the ACK/NACK codebook size on the number of configured DL component carriers. However, re-configuration is a slow process and the used ACK/NACK codebook would in many cases be larger than needed resulting in reduced performance. 

Proposal 1: The size of the ACK/NACK codebook size depends on the number of activated DL component carriers. 
2.2. New PUCCH Format vs. Existing PUCCH Format for Single CC Assignment

A terminal only scheduled on the DL component carrier associated with the UL component carrier used for PUCCH has a according to Rel-8 rules a PUCCH resources reserved on this carrier. Therefore we propose to reuse this resource in case a terminal is only scheduled on this DL component carrier, even if it is activated on multiple DL component carriers.

In case a terminal is scheduled on multiple DL component carriers the new PUCCH format with larger payload size should be used. One possible error case can then occur if a terminal is scheduled on multiple DL component carriers including that DL component carrier associated with PUCCH component carrier. If the terminals only receives that DL component carrier associated with the PUCCH component carrier the terminal transmits PUCCH on the Rel-8 PUCCH, even though eNodeB expects PUCCH transmission with the new PUCCH format. To resolve this error case eNodeB has to monitor both Rel-8 PUCCH and the new PUCCH format. 

The alternative solution would be to always use the new PUCCH format as soon as multiple DL component carriers are activated. This would avoid above described error case. However, then even in case of a single DL assignment on that component carrier associated with PUCCH component carrier the new PUCCH format with increased payload would have to be used. Since successful transmission of a larger payload size requires higher SINR we propose to reuse Rel-8 PUCCH in this case. 

Proposal 2: The new PUCCH format is used if at least one assignment for a DL component carrier not associated with the PUCCH component carrier is received by the terminal. 

2.3. Resources for new PUCCH Format

The PUCCH resources used by a terminal with multiple activated DL component carriers should not depend on the number of received DL assignments, i.e. independent if some assignments are missed the same PUCCH resources should be used (except the error case described in Section 2.2). This implies that the information which resources should be used must be available to the terminal independent which of the assignments are received. This implies that 1) the resources are configured, 2) the resources are indicated in or can be derived from any DL assignment, or 3) the resources are signaled together with the activation command. PUCCH resources refer here to resource blocks as well as time-domain covers and/or cyclic shifts (exact parameters depend on design details of the new PUCCH format). 

Configuration of resources is slow compared to the time required to activate/de-activate component carriers. A solution relaying on configuration can therefore not follow the activation/de-activation of DL component carriers resulting in an ineffective resource usage. 

If resources are indicated in the PDCCH scheduling assignment the resource indicator has to be added to each PDCCH assignment to guarantee that a terminal knows which resources to use independent if/which DL assignments are missed.  Adding a resource indicator to each PDCCH DL assignment increases DL overhead and possible blind decodings (if new DCI payload sizes needs to be monitored) and is therefore also undesirable.

We prefer therefore to indicate the PUCCH resources in the activation/de-activation command. In this case a terminal has resources for the new PUCCH format assigned if it is likely to use them (terminal has multiple DL component carriers activated) and does not waste resources if it cannot use them (terminal is only activated on the associated DL component carrier).   

Proposal 3: Resources for the new PUCCH format are indicated in the activation command.

3. Conclusions

In this contribution the following is proposed:

Proposal 1: The size of the ACK/NACK codebook size depends on the number of activated DL component carriers. 
Proposal 2: The new PUCCH format is used if at least one assignment for a DL component carrier not associated with the PUCCH component carrier is received by the terminal. 

Proposal 3: Resources for the new PUCCH format are indicated in the activation command.
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