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1 Introduction
After RAN1#80, email discussion on how to characterize UL SINR CDF for Rel-13 CA enhancement was carried out, with the summary in [1]. In this contribution, we provide our evaluations on UL SINR CDF for Rel-12 SCE scenario 2a. We further discuss how to use the UL SINR CDF for UCI design in Rel-13 CA WI.
2 UL SINR CDF
As discussed in [1], the UL SINR CDF is defined as
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UL SINR =
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which is calculated per PRB, per subframe, and per UE, without including small scale fading values.
The following evaluation assumptions are made in this contribution.

	Parameter
	Assumption

	Scenario 
	Rel-12 SCE 2a

	PUCCH power control
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is set such that received PUCCH power at the UE’s serving eNB is 20dB above AWGN,
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Closed-loop PUCCH power control not modeled,

Same PUCCH power control parameters

	Number of PUCCH PRB
	1

	Number of UEs in each cell transmitting PUCCH in the PUCCH PRB
	1

	Selection of interferer in neighbor cell
	Random selection


Figures 1 – 3 are simulated for the case where all UEs transmits PUCCH on the macro carrier. From Figure 3, it can be seen that almost all UEs are not power limited. Hence, the received PUCCH power at serving cell is the same for all UEs. The distribution of the UL SINR is merely caused by the different inter-cell interference in different subframes. Therefore, if the same 
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is applied for all UEs in a cell, then there is no difference between each UE’s UL SINR CDF, irrespective the UE is cell interior or cell edge.
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Figure 1: CDF of UL SINR, with all UEs sending PUCCH on the macro carrier frequency
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Figure 2: CDF of inter-cell interference, with all UEs sending PUCCH on the macro carrier frequency
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Figure 3: CDF of UE PUCCH Tx power, with all UEs sending PUCCH on the macro carrier frequency
Figures 4 – 6 are also for SCE 2a, with data points only collected from UEs transmitting PUCCH on the small cell carrier frequency. In the simulations, based on RSRP/RSRQ criteria, a UE either transmits PUCCH on the macro carrier or on the small cell carrier. Similar observations can be made when compared to Figures 1 – 3, except that the UL SINR CDF is better than that in Figure 1, where all UEs transmit PUCCH on macro carrier.
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Figure 4: CDF of UL SINR, for UEs transmitting PUCCH on the small cell carrier.
[image: image12.emf]-155 -150 -145 -140 -135 -130 -125 -120

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Total inter-cell interference (dBm)

CDF

 UEs send PUCCH on small cell carrier

 

 


Figure 5: CDF of inter-cell interference, for UEs transmitting PUCCH on the small cell carrier.
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Figure 6: CDF of UE PUCCH Tx power, for UEs transmitting PUCCH on the small cell carrier.
3 UL SINR CDF and the UCI design
The key message from the evaluation in section 2 is that for any particular UE, its UL SINR varies in different subframes, depending on the scheduler decision in neighbor cells and the consequent inter-cell interference levels. Therefore, looking at a particular UL SINR value to determine the UE’s UL operating point for UCI feedback is not meaningful. Take HARQ-ACK performance requirement as an example, its average ACK missing probability shall be less than 1% and its NAK-to-ACK error shall be less than 0.1%. Given the distribution of the UL SINR, the average ACK missing probability shall be calculated as 
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where 
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denotes UL SINR; 
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 is the PDF of the UL SINR;  
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 is the ACK missing probability at SINR of 
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Similarly the average NAK-to-ACK error can be calculated as 
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where 
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 is the NAK-to-ACK error at SINR of 
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In order to calculate the above 
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, the functions of 
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 can be obtained from link level simulations at different SINR points. Furthermore, the function of 
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 can be e approximated from the UL SINR CDF, e.g. those in Figure 1 and Figure 4.
Proposal 1: The average UCI performance for a UE shall be calculated according its UL SINR distribution.

Given the above average UCI performance calculation, we can then evaluate the UCI performance at a particular payload size. For example, assume HARQ-ACK payload size of Y bits for a UE, using the above equations, we can obtain the corresponding 
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satisfy the HARQ-ACK performance requirements, then it can be declared the UE can support HARQ-ACK payload of Y bits at this given scenario, in particular, under the given UL SINR CDF. Note that intrinsically, the UL SINR CDF is related to the PUCCH power control in each serving cell. 
Proposal 2: The assumptions to obtain the UL SINR CDF (particularly the UE power control related parameters) shall be clarified when assessing whether a UE can support a certain UCI feedback payload size.

Then focusing on the UL SINR CDF, the evaluations in section 2 assume the same target received power at serving eNB for all UEs. Consequently, there is no distinction between cell interior and cell edge UE if all UEs are not power limited in the UL. Some optimization can be made such that the received power at serving eNB for a cell interior UE can be set higher than that of a cell edge UE. Such optimization can improve the UL SINR CDF for the cell interior UE significantly, without degrading the UL SINR CDF for the cell edge UE much. This expected observation is due to the fact that the inter-cell interference created by a cell interior UE to neighbor cells is much less than that created by a cell edge UE.
Proposal 3: Optimized PUCCH power control settings shall be exploited to improve the UL SINR CDF for cell interior UEs.
Given the UL SINR CDF, the link level performance of UCI transmission structure, and the above proposed calculation of the average performance of UCI transmission, it can then be decided what UCI payload size is appropriate for Rel-13 CA. It is also possible to deduce the necessity of HARQ-ACK compression, and if necessary, how aggressive the HARQ-ACK compression needs to be.
Proposal 4: For Rel-13 CA, decide the UCI payload size for Rel-13 based on the UL SINR CDF, the link level performance of UCI transmission structure, and the proposed calculation of the average UCI performance.

4 Conclusions
In this contribution, we present our evaluations on UL SINR CDF using Rel-12 SCE scenario 2a. It is observed that for any UE, its UL SINR varies due to the different inter-cell interference in different subframes. We then discuss the relationship between UL SINR CDF and the UCI design, with the following proposals:
Proposal 1: The average UCI performance for a UE shall be calculated according its UL SINR distribution.

Proposal 2: The assumptions to obtain the UL SINR CDF (particularly the UE power control related parameters) shall be clarified when assessing whether a UE can support a certain UCI feedback payload size.

Proposal 3: Optimized PUCCH power control settings shall be exploited to improve the UL SINR CDF for cell interior UEs.
Proposal 4: For Rel-13 CA, decide the UCI payload size for Rel-13 based on the UL SINR CDF, the link level performance of UCI transmission structure, and the proposed calculation of the average UCI performance.

It is worthwhile to emphasize that the design principles and evaluation methodologies for Rel-13 CA UCI design shall be agreed as early as possible, such the detailed evaluations and design can be carried out.
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