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1
Introduction
In Rel-10, multiple ACK/NAK feedback modes are supported for UEs under carrier aggregation (CA).  In this paper, we share our views on the possibility of introducing additional ACK/NAK feedback modes for CA operation in Rel-11.
2
Discussion




In Rel-10, a UE can be configured for CA with 2 or more component carriers (CC), one of which is configured as the primary CC (PCC), and the remaining CCs are designated as the secondary CCs (SCC). For a UE, PUCCH is only transmitted on the PCC, where the PUCCH needs to provide ACK/NAK feedback for PDSCH transmissions on two or more DL CCs configured for the UE. 
For FDD, two ACK/NAK feedback modes are supported for CA:

· PUCCH format 1b with channel selection, no spatial or CC-domain ACK/NAK bundling
· Up to 2 CCs, with up to 4 ACK/NAK bits

· PUCCH format 3, no spatial or CC-domain ACK/NAK bundling
· Up to 5 CCs, with up to 10 ACK/NAK bits  
For TDD, three ACK/NAK feedback modes are supported for CA:
· PUCCH format 1b with channel selection, no ACK/NAK bundling (mode a)
· Up to 2 CCs, with up to 4 ACK/NAK bits

· Not supported for DL/UL configuration #5

· PUCCH format 1b with channel selection, spatial+time-domain ACK/NAK bundling (mode b)
· Up to 2 CCs

· Not supported for DL/UL configuration #5

· PUCCH format 3, spatial bundling when necessary
· Up to 5 CCs, spatial bundling if the total number ACK/NAK bits exceeds 20

· For DL/UL configuration #5, up to 2 CCs

In addition, a Rel-10 non-CA TDD UE needs to support ACK/NAK bundling, PUCCH format 1b with channel selection (with two sets of ACK/NAK mapping tables – a UE is configured to use one of the two sets), and PUCCH format 3. 
In Rel-10, mode 2 for PUCCH format 3 was also discussed, where,

· Spatial bundling with time-domain bundling (the same bundling domain as for mode b) is employed in addition to spatial bundling in cases when the number of A/N bits to be indicated would be >x 
It was decided in RAN1#63 that mode 2 for PUCCH format 3 was not supported in Rel-10.

In Rel-11, it is of interest to investigate whether it is necessary to support additional ACK/NAK feedback modes for CA, particularly in combination with certain ACK/NAK bundling schemes [1]-[6]. Specifically,
· For FDD

· Possibility of employing spatial bundling when PUCCH format 3 is configured
· For TDD

· Possibility of employing spatial-domain bundling and/or time-domain bundling for PUCCH format 3 even if the number of ACK/NAK bits <20

· Possibility of selective ACK/NAK spatial bundling (e.g., in selected subframes and/or CCs) for PUCCH format 3 when the number of ACK/NAK bits >20
· Possibility of dynamic ACK/NAK spatial bundling (e.g., whether to perform ACK/NAK bundling is based on the DAI in UL grant(s), instead of the DL association set size M; or based on whether the number of required resource elements for ACK/NAK feedback on PUSCH exceeds those offered by the 4 symbols or not) for PUCCH format 3
Also, in Rel-10, CC-domain bundling was discussed, especially for power-limited UEs. 
It is obvious that any ACK/NAK bundling would decrease the actual ACK/NAK payload size on PUCCH, and hence, increase the coverage area of the actual PUCCH transmissions (hence CA). The actual amount of coverage increase depends on channel and interference conditions of the UE. More simultaneous PDSCH transmissions are also possible under the same ACK/NAK payload for the UE. 
On the other hand, as discussed earlier, Rel-10 already offered a good set of ACK/NAK feedback modes for both CA and non-CA operations. Any additional ACK/NAK feedback modes would inevitably increase UE complexity, especially when the UE is both TDD and FDD capable. From performance perspective, while ACK/NAK bundling improves PUCCH coverage, it also suffers DL performance loss, where the amount of performance loss depends on the channel/interference conditions and the actual ACK/NAK bundling scheme(s). 

Generally speaking, the DL performance loss due to spatial bundling or time-domain bundling is less than that of CC-domain bundling.  However, without CC-domain bundling, a UE configured with 5 CCs still needs to feedback at least 5 ACK/NAK bits, even with the help of spatial-domain and time-domain bundling. As a result, the coverage benefits of introducing spatial-domain and/or time-domain bundling is limited and can not reach cell-edge UEs. Note that the DL performance loss due to CC-bundling can be reduced and managed by eNB for a given UE, e.g., by selectively performing CC-domain bundling across different CCs (e.g., with 3 CCs configured for the UE, CC-domain bundling is only performed for CC1 and CC2, but not for CC3).
Therefore, as usual, careful trade-off analysis is necessary to evaluate whether it is necessary to introduce any additional ACK/NAK bundling schemes for CA in Rel-11. Particularly, if CA coverage extension is deemed necessary, design should focus on the case of power limited UEs. 

3
Conclusions 

In this contribution, we discussed whether it is necessary to introduce any additional ACK/NAK bundling schemes for CA in Rel-11. ACK/NAK bundling is expected to extend CA coverage, but at the expense of DL performance loss and additional UE implementation complexity, especially given that a Rel-10 UE already supports a good set of ACK/NAK feedback schemes for CA. If CA coverage extension is deemed necessary, design should focus on the case of power-limited UEs.
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