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1
Introduction
In a multicarrier LTE-A system, a UE may be configured with two or more component carriers (CC)s. The transmission of ACK/NAKs for multiple DL CCs is always from one single UL CC. In RAN1#60bis, it was agreed that for FDD, cross-carrier ACK/NAK bundling is not supported if the UE is not power-limited. It remains an open issue whether cross-carrier ACK/NAK bundling is needed for power-limited UEs, and if supported, the associated design issues. This is the focus of this contribution.
2
Discussion

In a multicarrier LTE-A system, a UE may be configured with two or more component carriers (CC)s, one of which is configured as the primary CC (PCC). The transmission of ACK/NAKs for multiple DL CCs is always from one single UL CC, namely, the UL PCC. As a result, the ACK/NAK feedback overhead on the UL PCC may be significantly larger than that of Rel-8 (up to 2 ACK/NAK bits). In case of 5 CCs, up to 10-bit ACK/NAK may need to be carried by the UL PCC. If DTX is supported, the payload size can be furthered increased to 12 bits.
Typically, ACK/NAK feedback overhead can be reduced by:
· Spatial bundling (for CCs configured with DL MIMO modes), where the ACK/NAKs for two codewords in the same PDCCH can be logically bundled. This helps reduce the 2-bit feedback to 1-bit feedback;

· CC-bundling, where the ACK/NAKs for two or more CCs can be logically bundled. This degenerates the multi-carrier ACK/NAK feedback to the single carrier case;

· Subframe-bundling (TDD only), where the ACK/NAKs for two or more subframes can be logically bundled. This degenerates the asymmetric ACK/NAK feedback (multi-DL subframes mapped to one UL subframe) in TDD to the symmetric ACK/NAK feedback (one to one DL/UL mapping) as in FDD.
Note that, combinations of the above approaches are possible.

In RAN1#60bis, it is agreed as a working assumption that for FDD, cross-carrier ACK/NAK bundling is not supported if the UE is not power limited. In RAN1#61bis, it was discussed whether to support ACK/NAK bundling across CCs for the case of power-limited UEs, but no conclusion was made. 
It is obvious that whether to support CC-bundling for ACK/NAK for power-limited UEs depends on whether there is at least one use case. 
Note that in reality, a UE may experience imbalanced DL and UL channel conditions. Specifically, while a UE may see relatively favourable DL channel conditions, it may experience unfavourable UL channel conditions. Such a scenario may negatively impact efficient DL H-ARQ operation when the UE is configured with two or more DL CCs if no ACK/NAK feedback reduction is supported. Naturally, one may raise the following questions:
· If the UE is power limited, is there still a need for the UE to be configured with multiple CCs?

· If the UE is power limited and is configured with multiple CCs, is it sufficient to have spatial bundling and subframe-bundling (TDD only)? 

· What are the issues, if any, related to the support of CC-bundling for power limited UEs?

Generally speaking, motivations for a power-limited UE in multi-carrier operation may include:

· For improved frequency diversity

· For improved DL throughput

In Rel-10, a UE is typically configured with 2 CCs, each of at least a 10MHz system bandwidth. The first motivation (improved frequency diversity) does not seem to be justified. This is because a 10MHz system bandwidth should provide sufficient frequency diversity for typical deployments, and any bandwidths beyond that only bring diminishing return. On the other hand, the second motivation seems valuable, as it helps improve DL throughput reachability especially for the UEs at the cell edge. 
In Table 1, we compare CC-bundling and spatial bundling of ACK/NAK for FDD, assuming 2 CCs and 5 CCs. While CC-bundling naturally results in a payload independent of the number of configured CCs, spatial bundling generally brings down the ACK/NAK overhead at most by half with an overhead ranging from 1 to 5 bits. For 2 CCs, which is typical for Rel-10, CC-bundling and spatial bundling generate the same maximum ACK/NAK payload size. However, if both CCs are configured with SIMO DL transmission modes, which should be typical for power-limited UEs, CC-bundling has a payload size of 1-bit, in contrast with 2-bit for the spatial bundling (effectively no spatial bundling) case. 
Table 1 Comparison of CC-bundling and spatial bundling for FDD for power limited UEs

	Options
	Max ACK/NAK Overhead

	
	2 CCs
	5 CCs

	Nominal
	4-bit
	10-bit

	CC-bundling
	2-bit
	2-bit

	Spatial-bundling
	2-bit
	5-bit


The support of CC-bundling of ACK/NAK feedback has the following additional concerns:
· CC-bundling is generally inefficient, as there is a low correlation between CCs. This is particuarlly true if the two CCs are sufficiently seperated in the frequency domain, and/or if the component CCs has large system bandwidths.
· If a UE is power limited, the eNB may choose to configure the UE with only 1 CC. This of course implies that a UE at cell edge may not benefit from multi-carrier operation.
· From system perspective, CC-bundling may be inefficient. That is, from system perspective, the resource that can be potentially scheduled for power-limited UEs may be better utilized by other UEs without power limitation. However, such inefficiecy is rather more a tradeoff between system throughput and fairness.

· For power limited UEs, ACK/NAK repetition may be utilized. In Rel-8, a UE may be configured with ACK/NAK repetition with a factor of Nrep=2, 4 or 6. Note that, a UE in ACK/NAK repetition only transmits ACK/NAK in a subframe and would drop any other concurrent UL signals. In addition, a UE at most transmits ACK/NAK every Nrep subframes. Any subsequent back-to-back DL transmissions within the repetition duration would not receive any ACK/NAK feedback.
·  A UE configured with Mconfigured CCs may only Mactivated activated CCs. At any given subframe, a UE may be scheduled only on Mscheduled CCs. The following condition holds:
Mscheduled ≤ Mactivated ≤ Mconfigured
If CC-bundling may be performed based on the Mconfigured configured CCs or the Mactivated activated CCs, ACK/NAK feedback may be very inefficient, especially when the number of scheduled CCs is significantly less than Mactivated. 
Comparing CC-bundling and ACK/NAK repetition for power limited UEs, CC-bundling is more efficient as it provides the possibility of back-to-back ACK/NAK feedbacks for DL transmissions in different subframes. One possibility is to always drop CQI/CSI channel feedback whenever CC-bundling mode is configured for a UE. Alternatively, some UL signals may be transmitted depending on the actual channel condition and the prioritization of UL power control over different UL channels on the same or different CCs.  Therefore, we propose the following:

· CC-bundling should be applied first before ACK/NAK repetition for power limited UEs

· That is, ACK/NAK repetition should NOT be configured separately for power limited UEs in multi-carrier operation if ACK/NAK bundling is not configured.

· Combination of CC-bundling and ACK/NAK repetition may be supported for power limited UEs

· In which case, similar to Rel-8, the UE should only transmit ACK/NAK and drop all other concurrent UL signals

The inefficiency of CC-bundling based on either configured CCs or activated CCs necessitates the support of DAI [1][2], with which CC-bundling can be performed based on the scheduled CCs. Therefore, we propose:
· CC-bundling should be based on the scheduled CCs.

Additionally, a UE may be configured to support CC-bundling on a per subset basis. This helps address the concerns over CC-bundling inefficiency, especially when CCs have different bands and/or power classes. The configured CCs can be organized into a few subsets, each containing one or more CCs. The organization of the subsets can be left to eNB implementation. 
3
Conclusions
In this contribution, we discussed whether to support CC-bundling of ACK/NAK for power limited UEs in multi-carrier operation. Our views can be summarized as follows:
· CC-bundling of ACK/NAK is beneficial for power limited UEs for enhanced DL throughput

· However, for power limited UEs, CC-bundling based on the configured or activated CCs can be very inefficient. Instead, CC-bundling of ACK/NAK should be based on the scheduled CCs (vs.), which necessitates the DAI design [1][2]. 
· For power limited UEs, CC-bundling should be applied first before ACK/NAK repetition. CC-bundling may be further combined with ACK/NAK repetition.

· CC-bundling can also be done on a per CC subset basis, with the details up to eNB implementation. 
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