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1. Introduction
In Rel-8 TDD, two ACK/NAK transmission schemes, i.e. ACK/NAK bundling and ACK/NAK multiplexing, are supported. ACK/NAK bundling targets for power limited UEs, while ACK/NAK multiplexing is suitable for non-power limited UEs. Furthermore, it is noted that ACK/NAK multiplexing is beneficial from the system throughput point of view, since eNB does not need to perform unnecessary retransmissions as required by ACK/NAK bundling. Currently, the ACK/NAK multiplexing transmission scheme for carrier aggregation in Rel-10 is being discussed [1] – [3]. On the other hand, the need for ACK/NAK bundling for FDD carrier aggregated system [4] is still open. If ACK/NAK bundling is not supported, then carrier aggregation shall not be applied to power limited UEs. In this contribution, we study the UL SINR geometry for PUCCH to examine the percentage of possible power limited UEs. Since DL/UL channel/interference condition can be significantly different, it is preferable that DL carrier aggregation and UL ACK/NAK transmission are not coupled. Hence, it is proposed that ACK/NAK bundling shall be supported for FDD CA in Rel-10. 
2. System evaluations on PUCCH SINR geometry
In this section, we study the PUCCH SINR CDF for different scenarios. The UL SINR CDF is affected by the following factors:
· UL PUCCH power control

· Number of PUCCH UEs per PRB

· PUCCH base sequence correlation

For UL PUCCH power control, the parameter P0_PUCCH is set such that the target PUCCH received SNR (TSNR) is 5, 10, or 15 dB. When inter-cell interference is included in the simulations, the resultant SINR is less than the corresponding TSNR. Furthermore, TPC commands are not modeled in the simulations.
On the number of PUCCH UEs per PRB, 1, 3, or 6 PUCCH UEs are simulated. Typically, more PUCCH UEs multiplexing in the same PRB leads to higher inter-cell interference and correspondingly lower PUCCH SINR.

In Rel-8, there are 30 PUCCH base sequences. In case a PUCCH transmission from a neighboring cell completely falls into the detection window, the PUCCH inter-cell interference can be reduced by the correlation (beta) between the two base sequences used in the two cells of interest. Figure 1 shows the Rel-8 PUCCH correlation CDF. In the system simulation, when PUCCH base sequence correlation is modeled, then a random value is taken from the CDF in Figure 1. Otherwise, beta assumes the value of 1, i.e. no PUCCH base sequence correlation is modeled.

Figures 2 – 3 show the PUCCH SINR CDF for UMA and RMA respectively. In Figure 2-left and Figure 3-left, no PUCCH base sequence correlation is modeled, while PUCCH base sequence correlation is applied to the 1st tier in Figure 2-right and 3-right. The following observations can be made:
· PUCCH base sequence correlation factor, when modeled, improves the PUCCH SINR CDF significantly. On the other hand, whether the PUCCH base sequence correlation can be effective depends on many factors, e.g.

· the interfering UE’s distance to the cell of interest, which is deployment scenario specific;

· the UL reception window, which is implementation specific 

· More PUCCH multiplexed in a PRB leads to worse PUCCH SINR CDF. On the other hand, higher PUCCH multiplexing capacity reduces the PUCCH overhead. Typically, 6 UEs multiplexed in a PUCCH PRB shall be supported, considering the tradeoff between PUCCH detection performance and PUCCH overhead.

· After a certain value, higher TSNR does not increase the 5% PUCCH SINR very much, since the system is likely to be interference limited. 
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Figure 1: CDF of PUCCH base sequence correlation
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Figure 2: UMA PUCCH SINR CDF, PUCCH base sequence correlation not modeled (left), PUCCH base sequence correlation modeled for the 1st tier (right)
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Figure 3: RMA PUCCH SINR CDF, PUCCH base sequence correlation not modeled (left), PUCCH base sequence correlation modeled for the 1st tier (right)
In order to estimate the percentage of UE which cannot support ACK/NAK multiplexing, the link level ACK/NAK BER performance shall be considered. It is noted that the required SNR to reach the ACK/NAK detection performance (including DTX(ACK of 1%, ACK(NAK/DTX of 1%, and NAK(ACK of 0.1%) depends on the ACK/NAK feedback payload size, the ACK/NAK multiplexing transmission scheme, as well as the ACK/NAK detection algorithm. In [5], it is shown that the required SNR to meet 1% ACK miss probability and 0.1% NAK(ACK error can be more than -5 dB for large ACK/NAK feedbacks. From Figures 2-left and 3-left, approximately 35% and 53% of UEs may not be able to support carrier aggregation for UMA and RMA respectively. Since whether carrier aggregation shall be applied in DL mainly depends on the UE traffic needs, it is preferable that the application of DL carrier aggregation is not tied to the UE PUCCH geometry. Therefore, we propose that ACK/NAK bundling, i.e. 1 or 2 bundled ACK/NAK feedbacks, shall be supported for FDD carrier aggregated system in Rel-10. 
3. Conclusions

In this contribution, we study the PUCCH SINR CDF via system level simulations. It is noted that a certain percentage of UE may not be able to support ACK/NAK multiplexing due to its power limitation on UL transmissions. Since the application of DL carrier aggregation is rather independent of the UE PUCCH geometry, it is proposed that full ACK/NAK bundling, i.e. 1 or 2 bundled ACK/NAK feedbacks, shall be supported for FDD with carrier aggregation in Rel-10.
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5. Appendix 

Table 1: System level simulation assumptions
	Parameter
	Assumption

	Simulation case
	ITU UMA, RMA

	Cellular layout
	Hexagonal grid, 19 sites, 3 sectors per site, wrap‑around

	Inter – Site Distance
	UMA
	500 m

	
	RMA
	1732 m

	Minimum distance 
between UE and BS
	UMA
	25 m

	
	RMA
	35m

	NodeB Antenna pattern


	horizontal
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RMA: 
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 = 6 degrees,

	Shadowing Standard Deviation
	8 dB

	Pathloss
	128.1 + 37.6log10(R) where R is in kilometers

	Shadowing Correlation
	Between Cells
	0

	
	Between NodeBs
	0

	Penetration Loss
	20 dB

	UE Power Class
	24dBm

	UE Antenna Gain
	0dBi

	NodeB Antenna Gain
	17dBi

	UL noise figure
	5dBi

	Thermal noise density
	-174 dBm/Hz

	UE Antenna height
	1.5m

	Carrier frequency

	UMA
	2 GHz

	
	RMA
	0.8GHz

	Bandwidth
	10 MHz

	Subcarrier spacing
	15 kHz

	Resource block size
	180 kHz (12 subcarriers)
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