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1 Introduction

One of the objectives listed as part of the study item description [1] on physical layer aspects of small cell enhancements include:

· Enhancements and overhead reduction for UE-specific reference signals and control signaling to better match the scheduling and feedback in time and/or frequency to the channel characteristics of small cells with low UE mobility, in downlink and uplink based on existing channels and signals.
Further, high UE energy efficiency has also been listed as a desirable target in the technical report on small cell enhancements [2].
We focus on the above objectives and propose consideration of aggregated HARQ-ACK feedback to support higher UE energy efficiency and SCell-PUCCH transmission as detailed in the rest of the contribution. Support of aggregated HARQ-ACK feedback may also facilitate some UL control overhead reduction in certain scenarios [3].  In this regard, it should be noted that aggregated HARQ-ACK feedback is already supported in TDD systems where the aggregation can be achieved either via HARQ-ACK bundling or multiplexing.
2 Aggregated HARQ-ACK feedback for higher UE energy efficiency
	In typical modern modem architecture, three components consume most of the current. Those three components are: radio transceiver; power amplifier, and base band processor. Though the existing FDD HARQ timing protocol provides the most efficient HARQ protocol for system operation, it may not be the most efficient protocol in the perspective of UE power consumption. 
The UE energy efficiency can be further optimized, especially considering cases when a UE may have heavy traffic on the DL but much lower UL traffic. In this case, based on the current specifications, the UE operating in a FDD system would have to keep its transmit chain always ON just to transmit the HARQ-ACK feedback according to the FDD HARQ-ACK timing if eNB transmits DL packets in every DL subframe to the UE. Significant amount of energy efficiency can be achieved by allowing the UE to turn off its transmit processing chain for certain UL subframes and transmit an aggregated HARQ-ACK feedback on the activated UL subframes. In small cell environments, if UE sends UL feedback information to small cell wherein the pathloss for the UL can be expected to be much lower than in homogeneous networks, the potential increase in the required current even with doubled transmit power for effective transmission of aggregated feedback (considering an increased HARQ-ACK payload size) would not be significant. In another configuration, UE may send UL feedback information to macro cell wherein the pathloss for the UL can be expected to be high. Even higher power consumption saving is possible in this configuration as long as the UE is not UL coverage limited. Since the proposed HARQ-ACK aggregation is RRC configurable, it offers the network more tradeoff opportunity between UL coverage and UL power consumption depending on different scenarios. 
In Fig. 1 below, we give a rough estimation of the UE power consumption saving percentage at different UE Tx power. In the “min” estimation, we assume that UE’s Tx power needs to be increased linearly with total number of aggregated HARQ-ACK bits and UE’s power consumption stays maximum during ON-OFF transit period. While in the ”max” estimation, we assume that UE’s Tx power stays constant with all aggregated HARQ-ACK bits being bundled and UE consumes average power during ON-OFF transit period. It can be seen that if UE’s Tx chain is ON for only 1/2 or 1/3 of overall time, 8% and 14% power consumption savings can be achieved even with the estimation marked with suffix “min”. With the estimation marked with suffix “max”, we can save up to 20% power consumption at 10dBm UE transmit power. It is worth mentioning here that the baseband processor is assumed to consume a fixed amount of current in the estimation. As Moore’s law [4] is likely to pull down the power consumption of baseband processor faster than other components, the overall power consumption saving percentage is likely to increase as we move to more advanced process technology.
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Fig. 1: Estimation of the overall UE power consumption saving
In a recent paper [5], measurement data was presented for UE power consumption for the Transmit RF chain for UL transmissions as a function of the UE transmission power when the Transmit RF chain is ON. The relevant result from the paper is reproduced in Fig. 2 for reference. As can be seen, there exists a high correlation between our estimation of UE power saving percentage in Fig. 1 and the UE power consumption measurement data reproduced in Fig. 2. This further reinforces the need to consider UL Discontinous Transmisison (UL DTX) (i.e. switching off of the Tx chain) for UE power savings.
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Fig. 2: UL Tx power consumption for Transmit RF [5]
3 Aggregated HARQ-ACK feedback for support of SCell-PUCCH
In this section, we consider a different use case in the context of small cell enhancements. For small cell scenarios with macro and small cells on separate frequencies, it may be beneficial to support PUCCH transmissions on the secondary cell (SCell) for carrier aggregation (CA)-capable UEs towards supporting inter-node CA with non-ideal backhaul or, depending on decision in RAN2 WG, for support of dual connectivity to macro and small cell layers [6]. 
In non-ideal backhaul case, which can cause backhaul delay, allowing SCell-PUCCH could be considered. The HARQ-ACK for PDSCH from a serving cell ‘c’ can be transmitted on the concerned serving cell ‘c’. In some cases, parallel PUCCH transmissions in multiple UL CCs could be considered as well. In order to avoid defining a new maximum power reduction (MPR) in RAN4 specification and the impact from such MPR application on UL coverage that would be necessary in order to support simultaneous PUCCH transmissions on primary and secondary cells, TDM based UL component carrier (CC) switching may be also considered [7]. However, this would imply that, even in FDD systems, some of the UL subframes would be unavailable on certain CCs due to the TDM-based UL CC switching that, in turn, would lead to DL scheduling restrictions, due to non-availability of UL subframes for DL HARQ-ACK feedback according to FDD HARQ-ACK timing rules. This problem can be resolved by allowing aggregated HARQ-ACK feedback in FDD systems. An example is shown in Fig. 3, wherein it is assumed that the current HARQ-ACK timing (n-4) is used and the UE is allowed to transmit PUCCH only in the colored UL subframes, and consequently, only the colored DL subframes would be available for PDSCH scheduling.
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Fig. 3: Example of DL scheduling restriction as a result of UL CC switching (FDD system)
In order to avoid this undesirable restriction on PDSCH scheduling, aggregated HARQ-ACK feedback can be used by the UE to feedback HARQ-ACK information corresponding to multiple DL subframes in the eligible UL subframes. This is explained using Fig. 4, wherein the HARQ-ACK feedback corresponding to DL subframes 2 through 6 are aggregated and provided by the UE in UL subframe 0.
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Fig. 4: Example of proposed aggregated HARQ-ACK feedback (FDD system)
With regard to the aggregated HARQ-ACK generation and reporting mechanism, similar to the existing designs for TDD systems, both HARQ-ACK multiplexing and bundling could be considered depending on the use of the PUCCH format, impact on HARQ retransmission efficiency due to bundling operation, etc. Further, to support this feature in FDD systems, similar to TDD systems, new fields, like DL Downlink Assignment Index (DAI) and UL DAI would need to be added to DCI formats 1/1A/1B/1D/2/2A/2B/2C/2D and DCI formats 0/4 respectively. 
 


4 Conclusion
In this contribution, we considered certain PUCCH enhancements related to HARQ-ACK feedback in small cell environment and analyzed different use cases for the support of aggregated HARQ-ACK feedback. Based on the presented analysis, we make the following proposal:
Proposal: 
Support of aggregated HARQ-ACK feedback should be considered as part of physical layer aspects of small cell enhancements towards enabling enhanced UE energy efficiency and efficient support of inter-node CA with non-ideal backhaul between macro and small cell layers.
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