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1 Introduction

In Rel-10, SORTD is supported as the TxD scheme for PUCCH format 3. The amount of required PUCCH format 3 resources for SORTD is doubled compared to single antenna port transmission, and thus there was some concern on the PUCCH format 3 overhead with SORTD. One of the objectives in CA WI is investigating the possible improvements including enhanced TxD scheme for PUCCH format 3 [1]. 
In the RAN1 #66bis meeting, enhancement of TxD for PUCCH Format 3 was discussed. It was concluded that additional analysis on the overhead needed to be performed [2] to identify whether enhancement of TxD for PUCCH format 3 is needed. The contribution firstly discusses the method of performing the overhead analysis, and then provides the overhead analysis of TxD for PUCCH format 3.  
2 Discussion on overhead analysis method  
For the method of performing overhead analysis, the first question to be resolved is whether the PUCCH format 3 overhead indicates the resources reserved semi-statically or the resources used in a given subframe. If all the unused PUCCH format 3 resources can be used for other purposes like PUSCH transmission in a given subframe, the overhead should be evaluated based on the PUCCH format 3 resources used in a given subframe. However, usually it is difficult to guarantee that all the unused PUCCH format 3 resources can be used for PUSCH transmission, because it would restrict the scheduling a lot. Thus, it is reasonable to evaluate the overhead based on the PUCCH format 3 resources reserved semi-statically.
In Rel-10, the typical application scenarios of PUCCH format 3 mainly include the cases with more than two configured serving cells. In TDD, one or two configured serving cells with heavy DL configurations can also be the case. Whether PUCCH format 3 will be configured to a UE mainly depends on the traffic requirement and the PUCCH channel condition. For traffic requirement, it is difficult to evaluate how frequent the typical application scenarios will happen, because it depends on the traffic model. In addition, even though the typical application scenarios need to be configured because of the traffic requirement, the scenario or PUCCH format 3 cannot be configured unless the performance target can be met under the PUCCH channel condition. Thus, for simplicity we can evaluate the PUCCH format 3 overhead only from the PUCCH channel condition point of view. From this point of view, the following two aspects need to be evaluated first:
· PUCCH geometry

The PUCCH geometry determines the number of UEs that can be configured with PUCCH format 3. A system level simulation should be used to get the PUCCH SINR geometry. When performing the simulation, we should consider interference and UL PUCCH power control.

· Link-level performance of PUCCH format 3
A link-level simulation should be used to get the performance of PUCCH format 3. Both the performance of PUCCH format 3 with SAP (Single Antenna Port) transmission and SORTD should be evaluated.
Based on the PUCCH geometry and the link-level performance of PUCCH format 3 with SAP transmission and SORTD, we can get the percentage of UEs that can be configured with SAP and the percentage of UEs that can be configured with SORTD, then we can get the PUCCH format 3 resources that need to be reserved semi-statically for SORTD, assuming all the UEs with high enough geometry is configured with PUCCH format 3. Based on the PUCCH format 3 resources reserved semi-statically for SORTD, we can analyze whether enhancement of TxD for PUCCH format 3 is needed or not.
3 Overhead analysis of TxD for PUCCH format 3
3.1 Evaluation on the overhead 
In this section, we evaluate the overhead of PUCCH format 3 based on the method discussed in section 2. PUCCH geometry and link-level performance of PUCCH format 3 are evaluated firstly.
PUCCH geometry
PUCCH SINR geometry is evaluated based on the assumptions shown in Table 2 in Appendix A. Interference and PUCCH power control in our simulation are set as follows:

· For interference, the cases with maximum 1 to 5 UE(s) multiplexed on the same PRB are simulated. 
· In ideal condition, the inter-cell interference mainly comes from UEs using the same OCC as the desired UE. However, UEs using different OCCs also can be interferers considering some factors like the UL reception window. In addition, the interference randomization for PUCCH format 3 also has impact on the actual interference. For simplicity, we can evaluate the cases with different number of multiplexed UEs on the same PRB. The multiplexed UEs on the same PRB in other cells are the interferers. More multiplexed UEs can mean heavier interference to the desired UE.           
· For PUCCH power control, the setting of the UE transmission power
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 are determined according to the following steps:
· Get the target PUCCH received SINR (T-SINR). In our simulation, the target PUCCH received SINR is 3dB, which is the minimum required SNR for different A/N payload sizes as shown in Table 1.
· Search the best 
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, with which the most UEs could fulfil the target PUCCH received SINR. That is, the best 
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 could ensure more UEs have a reliable PUCCH condition.
Figure 1 shows the PUCCH SINR CDF for the cases with different numbers of multiplexed UEs on the same PRB. The simulation results lead to the following observation: 
· More multiplexed UEs on the same PRB, which means the inference is heavier, leads to worse PUCCH SINR CDF. 
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Figure 1. CDF for the cases with different number of multiplexed UEs on the same PRB.        
Link-level performance of PUCCH format 3

The link-level performance of PUCCH format 3 with SAP and SORTD was evaluated in several contributions [4-8]. Based on the simulation results in [4-8], we can get the temporary minimum requirements for some typical A/N payload sizes as shown in Table 1. Here the minimum requirement for each A/N payload size is the maximum required SNR among the simulation results in [4-8]. 
Table 1. The minimum required SNR (dB) for different A/N payload sizes.
	
	6 bits
	10 bits
	16 bits
	20 bits

	Single Antenna Port (SAP)
	-3.4
	-1.8
	1.5
	3.0

	SORTD
	-4
	-3.7
	-1.7
	-0.9


Overhead of PUCCH format 3
Based on the simulation results for PUCCH SINR geometry and the link-level performance of PUCCH format 3, we can get the following observations:

· For payload size of 6 bits, approximate 55% to 83% of the UEs can support PUCCH format 3 with SAP, and approximate 58% to 86% of the UEs can support PUCCH format 3 with SORTD. 
· For payload size of 10 bits, approximate 50% to 80% of the UEs can support PUCCH format 3 with SAP, and approximate 56% to 86% of the UEs can support PUCCH format 3 with SORTD.
· For payload size of 16bits, approximate 30% to 68% of the UEs can support PUCCH format 3 with SAP, and approximate 50% to 80% of the UEs can support PUCCH format 3 with SORTD.
· For payload size of 20 bits, approximate 19% to 60% of the UEs can support PUCCH format 3 with SAP, and approximate 44% to 77% of the UEs can support PUCCH format 3 with SORTD.
If the performance of PUCCH format 3 with SAP can meet the target SNR requirement, it is reasonable to assume that SORTD will not be configured, because configuring SORTD requires doubled resource. Then based on the above observations, we can further get the following observations:

· For payload size of 6 bits, approximate 55% to 83% of the UEs will be configured with PUCCH format 3 with SAP, and approximate 3% of the UEs will be configured with PUCCH format 3 with SORTD. 
· For payload size of 10 bits, approximate 50% to 80% of the UEs will be configured with PUCCH format 3 with SAP, and approximate 6% of the UEs will be configured with PUCCH format 3 with SORTD.

· For payload size of 16bits, approximate 24% to 64% of the UEs will be configured with PUCCH format 3 with SAP, and approximate 12% to 20% of the UEs will be configured with PUCCH format 3 with SORTD.
· For payload size of 20 bits, approximate 19% to 60% of the UEs will be configured with PUCCH format 3 with SAP, and approximate 17% to 25% of the UEs will be configured with PUCCH format 3 with SORTD. 
Based on the above observations, we can see that the percentage of the UEs that will be configured with PUCCH format 3 with SORTD is small when the A/N payload size is 6bits or 10bits, thus the increase of the PUCCH format 3 overhead brought by SORTD is marginal. When the A/N payload size is 16bits or 20bits, the percentage of the UEs that will be configured with SORTD is approximate 12% to 25%, which is large and thus it may have some impact on the PUCCH format 3 overhead. 

The PUCCH format 3 resources reserved semi-statically for SORTD depends on the percentage of the UEs that will be configured with PUCCH format 3 with SORTD and the total number of UEs in the cell of interest. Assume there are 25 UEs in each cell, the resource needed for PUCCH format 3 with SORTD is approximate 1 PRB to 3 PRBs. In practice, considering statistical reuse of PUCCH format 3 resources is supported among multiple UEs, the PUCCH format 3 resources reserved semi-statically will be less, about 1 PRB can be reduced from the PUCCH format 3 resources estimated based on 25 UEs considering the maximum number of UEs that can be scheduled in each subframe. 
3.2 Summary of the evaluations
Based on the evaluations in section 3.1, we can see that the PUCCH format 3 overhead for SORTD will not have serious impact on the system performance. Firstly, the percentage of the UEs that will be configured with PUCCH format 3 with SORTD is small unless the A/N payload size is very large. Secondly, the amount of PUCCH format 3 overhead for SORTD is not very large, only approximate 1PRB to 2PRB, thus the overhead reduced by a new TxD scheme is less than 1PRB, which will not have significant benefit for the system.   
Thus, from the overhead point of view, there is no strong requirement for enhancement of TxD for PUCCH format 3. Therefore, a new scheme of TxD for PUCCH format 3 should not be introduced unless it brings little complexity on specification and implementation.     
4 Conclusion 
In this contribution, we discuss the method of performing the overhead analysis of PUCCH format 3 firstly and then provide the overhead analysis of TxD for PUCCH format 3. Based on the evaluations and analysis, we can see that there is no strong requirement for enhancement of TxD for PUCCH format 3 from the overhead point of view. Thus, a new scheme of TxD for PUCCH format 3 should not be introduced unless it brings little complexity on specification and implementation.     
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Appendix A

Simulation Assumptions 

Table 2. Simulation Assumptions for PUCCH geometry. 
	Parameter
	Assumption

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	UE speed
	3 km/h

	Scenario
	3GPP Case 1, ISD = 500m


	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

	eNB Antenna pattern
	horizontal
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Case1: 
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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













































































_1381680035.unknown

_1381680376.unknown

_1381680509.unknown

_1381680122.unknown

_1315748228.unknown

_1318517888.unknown

_1381679979.unknown

_1315748270.unknown

_1306664616.unknown

_1282121927.unknown

