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1. Introduction

In RAN1#60, several agreements on ACK/NACK for carrier aggregation were reached.  The key agreement is that a single UE-specific uplink component carrier will be configured semi-statically to carry the acknowledgements independent of how many downlink component carriers were configured.  In addition, for FDD, the following was agreed in RAN1#60bis –

· 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
This contribution addresses the issue of how all the acknowledgements can be transmitted on one uplink component carrier.
2. ACK/NACK Transmission Format
In Rel-10, up to 5 downlink carriers can be aggregated together to provide large transmission bandwidth with the aggregation configuration UE-specific.  Based on the discussion so far, a number of reasonable observations may be made regarding carrier aggregation - 
· In FDD, system-wide aggregation of 5 DL carriers may be rare due to spectrum availability, hardware constraint, and system complexity.  In [5], prioritized deployment scenarios for FDD consist mostly of 2-3 aggregated DL component carriers, and no scenario with 5 DL carriers was identified for FDD.
· Users may be configured with only a few UE-specific downlink carriers even-though 5 DL carriers may be available system-wide.  Although carrier aggregation can significantly increase peak rate, it also has great potential for interference and traffic management, for example in a heterogeneous network.  Therefore, users may only be configured with 2-3 DL carriers in most situations.
· Only users that can support very high data rates will be configured with 4-5 DL carriers.  This generally means that these users are in good radio condition.  Additionally, only highest-category UEs may be able to receive 4-5 DL carriers simultaneously.
Based on the above assumptions, it is reasonable to assume that the number of users that will be configured to receive large number of DL carriers (4 or 5) is not large, and those users are in good radio conditions. In Rel-10, several potential solutions for ACK/NACK transmission under carrier aggregation have been proposed.  They include the following proposals – bundling, resource (code) selection, multi-code transmission, spreading-factor reduction, and higher-order modulation.  Each method has advantages and drawbacks, and performs well under different scenarios.  In RAN1#60bis, the following methods were ruled out - SF reduction to 1, and multiple simultaneous PUCCH transmission in multiple non-adjacent resource blocks.  In addition, for FDD, cross-carrier A/N bundling is not supported for the non-power-limited case.
Since large number of DL carriers is not expected to be used for most users in the system, ACK/NACK transmission design should not be optimized for this case.  Instead, existing Rel-8 UL transmission formats should be reused if possible.  Reusing of existing Rel-8 channels is preferred due to backward compatibility, ability to use the same control RBs for Rel-8 and Rel-10 UEs (thus minimizing overhead), and low impact to the specifications.   In addition, implementation is well-tested and performance is robust, and changes may not be required in the eNB receiver design.

Proposal – For FDD, reuse existing Rel-8 UL transmission formats for UL ACK/NACK in LTE-A.

PUCCH Format 1 with resource selection can be reused when the number of feedback bits is small (e.g. when 2 or 3 carriers are assigned).  Resource selection is very robust and can serve as the main mode for the majority of users.  In limited scenarios where 4-5 carriers are assigned, PUCCH Format 2 can be reused.  Performance for PUCCH Format 2 is also robust as shown in Figure 1.  When compared to 4-bit wideband CQI (which must be supported at the cell-edge), approximately 4-5 dB more is required to support 10 bits, and 3-4 dB to support 8 bits.  Furthermore, it is reasonable to expect that users configured to receive 5 DL carriers will experience uplink SINR higher than 2 dB to support 10 bits in the uplink feedback.  These two methods provide a solution that is compatible to Rel-8 specification and thus can be supported with no impact to legacy users.  In addition, this allows us to use the same concept when acknowledgements are multiplexed on the PUSCH. 
Proposal – For FDD, PUCCH Format 1 with code selection and PUCCH Format 2 are supported for UL ACK/NACK in LTE-A.

3. Resource Selection
Currently, ACK/NACK resource allocation is done implicitly based on the CCE assignment.  However, to support implicit selection with carrier aggregation may require extensive amount of resources to be reserved.  This overhead may be substantial considering (1) the need to support different user-specific carrier configurations and (2) the number of scheduled users with assignment in multiple carriers may be limited.  For instance, enough resources to handle 5 downlink carriers must be reserved in one uplink carrier to handle user-specific 5DL:1UL configuration.  To reduce the overhead, some additional implicit resource selection schemes can be considered, including –

· Assignment can be based on a number of fields given/used in the DL grant as such CCE, scheduled carriers, etc. (e.g. user uses the lowest CCE number of the lowest DL carrier number).

· Assignment can be based on a user-specific carrier aggregation configuration (e.g. user with 2DL – 1UL configuration transmits ACK/NACK on specific PUCCH zone).
· User selects resource based on C-RNTI based on a predefined relationship.
In addition, explicit assignment should therefore be considered as a way to reduce the overhead.  However, as noted in [1], this is suitable only for small number of UEs with assignment in multiple carriers, and may require an additional field in the downlink assignment.   Thus, further analysis between overhead saving and flexibility is necessary.   Some examples of explicit resource assignment methods include –
· Users are given the resource assignment via a field in the DL grant.

· Resource assignment is given via CRC masking – resource selection is given by different masking bit patterns.

· Users are assigned resource (e.g. PUCCH resource index and uplink carrier) via RRC signalling.  eNB manages scheduling to ensure there is no resource conflict.
Alternately, a hybrid approach similar to Rel-8 downlink ACK/NACK resource assignment can also be used to reduce PUCCH overhead.  In this case, ACK/NACK resource assignment is done implicitly in principle but with possible explicit control by the eNB (e.g. to avoid resource conflict).  This is analogous to the PHICH resource assignment where ACK/NACK resource is implicitly tied to the resource block number but can also be explicitly controlled by eNB using DMRS assignment.  With this approach, it may be possible to reduce the PUCCH overhead substantially.  Other hybrid approaches are also possible.  For example, ACK/NACK resource is implicitly tied to the CCE number but can also be explicitly changed by eNB using an explicit assignment field (e.g. number of scheduled carriers).  With this approach, it is possible to reduce the PUCCH overhead substantially since eNB can avoid potential resource contention.
4. Conclusions

This contribution addresses the issue of supporting uplink ACK/NACK transmission in Rel-10.  A robust design is necessary to ensure reliable performance and to support user-specific carrier configurations.  The following points are recommended for consideration –

· For FDD, reuse existing Rel-8 UL transmission formats for UL ACK/NACK in LTE-A.

· For FDD, PUCCH Format 1 with code selection and PUCCH Format 2 are supported for UL ACK/NACK in LTE-A.
· Consider whether ACK/NACK resource assignment should be implicitly or explicitly provided in case of assignment in multiple downlink carriers.  Hybrid scheme can also be considered to reduce the overhead.
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Figure 1. PUCCH Format 2 performance (1x2), TU-3.




























































































































































































































































