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1 Introduction
During RAN1 #58bis meeting, it was agreed that limited A/N transmission for the DL CC transport blocks should be supported for power limitation, and one A/N for each DL CC transport block should also be supported [1]. Correspondingly, two ACK/NACK (A/N) feedback modes, which are A/N bundling and A/N multiplexing, can be considered in LTE-Advanced for carrier aggregation. A/N bundling targets for power limited UEs, while A/N multiplexing is more suitable for non-power limited UEs. Since A/N bundling will cause to some unnecessary PDSCH retransmissions in case of a bundled NACK, it is still an open issue on whether to support A/N bundling or not for carrier aggregation.

The necessity of A/N bundling for carrier aggregation has been discussed in [2-4]. In this contribution, we give our views on whether it needs to introduce cross-carrier A/N bundling or not, from the point of the PUCCH SINR geometry and some system design aspects.
2 UL SINR geometry for PUCCH
In this section, we study the PUCCH SINR geometry to examine the percentage of possible power limited UEs. A system level simulation is performed to get the UL SINR geometry for PUCCH format 1a.
In our simulation, interferences are counted only for UEs from different cells. Note that although the inter-cell interference can be reduced by fully exploiting the correlation of base sequences among different cells, the effectiveness of the PUCCH base sequence correlation will be affected by many factors, like the interfering UE’s distance to the cell of interest and the UL reception window [2]. We simulate the PUCCH SINR geometry without modelling the base sequence correlation. On the number of UEs per PUCCH PRB, 3 or 6 UEs are assumed.
For PUCCH power control, the transmission power
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in sub-frame i is defined by
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 [dBm]. In our simulation, the following steps are used to find the
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1) Get the minimum SINR requirement for different PUCCH format. Table 1 summarizes the minimum SINR requirement for multi-user PUCCH format 1a [5]. It is supposed that different UEs share the same SINR requirement of different PUCCH format.
2) Find the best
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, with which the most UE could fulfill the minimum SINR requirement. It means that these best
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 could ensure more UEs have a reliable PUCCH condition.
Table 1 Minimum requirements for multi-user PUCCH format 1a case

	Number of RX antennas
	Cyclic Prefix
	Propagation Conditions (Annex B)
	Channel Bandwidth / SNR [dB]

	
	
	
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	2
	Normal
	ETU 70*
	-4.1
	-4.4
	-4.4
	-4.6
	-4.6
	-4.4

	Note*: Not applicable for Local Area BS and Home BS.


Other system simulation parameters could be found in table 2 given in the appendix.
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(a) 3GPP case 1, ISD=500m
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(b) 3GPP case 3, ISD=1732m

Fig. 1 UL SINR geometry of multi-user PUCCH format 1a.
Fig. 1(a) and Fig. 1(b) show the PUCCH SINR geometry for 3GPP case 1 and case 3 respectively. It can be seen that a larger percentage of UEs will not be able to meet the minimum SINR requirement when more PUCCHs are multiplexed in a same PRB. In order to evaluate the percentage of UEs that can not support A/N multiplexing, the link level performance should be considered. We take the case of 4 bits A/N feedback. For this case, the candidate A/N multiplexing schemes are channel selection, joint coding with PUCCH format 2 and joint coding with DFT-S-OFDM. From [6], the required SNR for 4 bits A/N feedback are from -5.8dB to -3.0dB. From Fig. 1(a) and Fig 1(b), up to 35% and 25% of the UEs may not be able to support carrier aggregation for case 3 and case 1 respectively when 6 UEs are multiplexed in a same RB. It is also noted that required SNR to reach the A/N detection performance is closely related to the receiving algorithms. In the link level simulation, a more ideal situation and some advanced receiving algorithms are assumed. A higher required SNR may be needed in practice when these assumptions can not be achieved. For example, the minimum SINR requirement for PUCCH format 1a is -4.6dB in [5], which is even higher than the required SNR in our simulation for 4 bits A/N feedback. Besides, a larger number of A/N bits will also result in higher required SNR. All these may lead to an even larger percentage of UEs that can not support A/N multiplexing. Considering this, we think that A/N bundling should be supported for carrier aggregation in LTE-Advanced.
3 Additional system design aspects
The main considerations raised on A/N bundling for carrier aggregation are the performance gain and the possible DCI overhead of introducing DAI bits.
As has been discussed in section 2, a significant percentage of UEs may not be able to support A/N multiplexing. Supporting of A/N bundling can improve the link budget of A/N feedback for carrier aggregation. The interference condition and transmission power may be very different between UL and DL. Since the application of DL carrier aggregation mainly depends on the traffic requirement, it is preferable that DL carrier aggregation is not tied to PUCCH SINR geometry. Thus A/N bundling will be advantageous on making eNodeB more flexible to configure UE with DL carrier aggregation.
A/N bundling is already supported in LTE TDD with a 2 bits DAI in DL assignment. Since the DAI bits already exist, there will be no extra DCI overhead. It is more natural to support cross-carrier bundling for TDD carrier aggregation. For FDD carrier aggregation, DAI bits may result in extra DCI overhead. However, it is also possible to avoid a separate DAI field in DL assignment by means of A/N bundling without DAI [3] or reusing TPC field as DAI in a Scell DL assignment [7]. In these cases, there will be no extra DCI overhead to support A/N bundling for carrier aggregation.
Besides, for the simultaneous transmission of different UCI types, cross-carrier A/N bundling will be needed if multiplexing combinations for concurrent transmission of multiple A/N and positive SR or CQI defined in LTE are supported in LTE-Advanced.
Based on the above discussions, we think that cross-carrier A/N bundling is needed to be supported for carrier aggregation in LTE-Advanced. The details on how to support cross-carrier A/N bundling are FFS.
4 Conclusion
In this contribution, we study the PUCCH SINR geometry through a system level simulation. It is found that a significant percentage of UEs may not be able to support A/N multiplexing. Considering the interference condition and transmission power may be very different between UL and DL, A/N bundling will be advantageous on making eNodeB more flexible to configure UE with DL carrier aggregation. A/N bundling may be helpful to deal with the simultaneous transmission of multiple A/N and other UCI types. Besides, it is possible to support A/N bundling in LTE-Advanced without introducing extra DCI overhead. Hence it is proposed that cross-carrier A/N bundling shall be supported for carrier aggregation in LTE-Advanced.
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Appendix Simulation assumption
Table 2 Simulation assumption
	Parameter
	Assumption

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	UE speed
	3 km/h

	Scenario
	3GPP Case 1, ISD = 500m
3GPP Case 3, ISD = 1732m

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

	Total eNB TX power (Ptotal)
	46 dBm

	BS antenna gain plus cable loss
	14 dBi

	UE antenna gain
	0 dBi

	Penetration Loss  
	20 dB

	NodeB Antenna pattern


	horizontal
	
[image: image9.wmf](

)

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

=

m

dB

A

A

,

12

min

2

3

q

q

q



[image: image10.wmf]3

dB

q

 = 70 degrees, Am = 25 dB 

	
	vertical
	
[image: image11.wmf](

)

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

-

=

v

dB

etilt

SLA

A

,

12

min

2

3

q

q

q

q



[image: image12.wmf]3

dB

q

 = 10 degrees, SLAv = 20 dB

Case1: 
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Case3: 
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	Path loss model
	PLLOS(R)= 103.4+24.2log10(R)

PLNLOS(R)= 131.1+42.8log10(R)
R in km
Case1: Prob(R) = min(0.018/R,1) *  (1-exp(-R/0.063)) + exp(-R/0.063)
Case 3: Prob(R) = exp(-(R-0.01)/0.2)

	Shadowing Standard Deviation
	8 dB
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