3GPP TSG-RAN WG4 #78	R4-161048
February 15h – 19th, 2016
Malta


Agenda item:	9.1
Source: 	Qualcomm Incorporated
Title: 	Adjacent channel coexistence study for High Power UE
Document for:	Discussion
[bookmark: _Ref434746653]Introduction
In this contribution we present simulation results for the adjacent channel coexistence study between Band 41 UE power class supporting 26dBm and legacy UEs operating in the same band. Based on the latest simulations assumptions agreed in RAN4 #77, we determine the ACLR needed by High Power UEs (HPUE) in order to meet the target coexistence criteria. 

[bookmark: _Ref442636613]Simulation methodology and assumptions
In this contribution we follow the simulation assumptions and methodology specified in [3]. The classical system level approach based on the Montecarlo trials will be adopted. The general simulation procedure is the same as the one described in TR 36.942 [2]. The key assumptions for the scenario under consideration are related to path loss model, inter site distance (ISD) and power control (PC) settings. In terms of scenarios, the cases listed in Table 1 are taken into consideration.
[bookmark: _Ref434747484]Table 1. Inter-site distances and propagation environments.
	Environment
	ISD (KM)
	ISD (miles)

	Urban
	.75
	.47

	Suburban
	2.8
	1.74

	Rural
	6
	3.73

	Rural
	8
	5



The propagation model is based on the Hata model described in [2] below. For urban and suburban case, and considering a carrier frequency of 2.6GHz, the following path loss formula is adopted: 


Where R is the base station-UE separation in kilometres. In case of rural environment, the modified Hata model is used:
Case 1:		d  0.6 km


Case 2:		d  0.6 km


Where d is the base station-UE separation in kilometres.
As already mentioned a key factor in determining the overall UL system performance is the power control settings. In RAN4 #77, an interesting and useful discussion triggered by the observations made [4] led to an update of the power control parameters. The main agreement was to adjust the power control in order to preserve UEs behaviour in the “controlled” regions. In other words, in operating region where UEs are limited by available traffic, available RBs, and/or when UE is already exploiting its maximum available MCS, the transmit power of UE power class 2 and 3 should be the same. On the other hand, in cell edge scenario where the extra amount of power available by the class 2 UEs can bring extended coverage, the transmit power of power class 2 UEs can be up to 3dB higher compared to class 3UEs. To reflect this agreement, and taken into account a more realistic scenario for large cell sizes (rural deployments), the power control settings were update in [4]. The table below shows the agreed parameters for the different scenarios under consideration.
Modified power control algorithm parameters for +23 dBm [4].
(a) For 0.75 km inter-site distance and 2.6 GHz carrier frequency
	Parameter set
	Gamma
	CLx-ile

	
	
	20 MHz bandwidth
	10 MHz bandwidth

	Set 1
	1
	109
	112

	Set 1’
	1
	117
	120

	Set 2
	0,8
	133
	137



(b) For 2.8 km inter-site distance and 2.6 GHz carrier frequency
	Parameter set
	Gamma
	Modified CLx-ile

	
	
	20 MHz bandwidth
	10 MHz bandwidth

	Set 1
	1
	133
	136

	Set 2
	0,8
	149
	153



(c) For 6 km inter-site distance and 2.6 GHz carrier frequency
	Parameter set
	Gamma
	Modified CLx-ile

	
	
	20 MHz bandwidth
	10 MHz bandwidth

	Set 1
	1
	117
	120

	Set 2
	0,8
	132
	136



(d) For 8 km inter-site distance and 2.6 GHz carrier frequency
	Parameter set
	Gamma
	Modified CLx-ile

	
	
	20 MHz bandwidth
	10 MHz bandwidth

	Set 1
	1
	122
	124

	Set 2
	0,8
	136
	140



Modified power control algorithm parameters for +26 dBm [1].
(a) For 0.75 km inter-site distance and 2.6 GHz carrier frequency
	Parameter set
	Gamma
	CLx-ile

	
	
	20 MHz bandwidth
	10 MHz bandwidth

	Set 1
	1
	112
	115

	Set 1’
	1
	120
	123

	Set 2
	0,8
	137
	141



(b) For 2.8 km inter-site distance and 2.6 GHz carrier frequency
	Parameter set
	Gamma
	Modified CLx-ile

	
	
	20 MHz bandwidth
	10 MHz bandwidth

	Set 1
	1
	136
	139

	Set 2
	0,8
	153
	157



(c) For 6 km inter-site distance and 2.6 GHz carrier frequency
	Parameter set
	Gamma
	Modified CLx-ile

	
	
	20 MHz bandwidth
	10 MHz bandwidth

	Set 1
	1
	120
	123

	Set 2
	0,8
	136
	140



(d) For 8 km inter-site distance and 2.6 GHz carrier frequency
	Parameter set
	Gamma
	Modified CLx-ile

	
	
	20 MHz bandwidth
	10 MHz bandwidth

	Set 1
	1
	125
	127

	Set 2
	0,8
	140
	144



Other simulation parameters and assumptions are specified in [4]. 

General observations
Based on the agreement on power control settings made in RAN4 #77, the degradation due to adjacent class 2 UEs is mostly related to the UEs which operates in the non power-controlled region, i.e. UEs which are at cell edge. This is shown in Figure 1: from the UE transmit power distribution, it is clear that class 2 UEs at the cell edge use up to 3dB higher power compared to class 2 UEs.
[image: ]
[bookmark: _Ref441678860]Figure 1. Impact of class 2 cell edge UEs.
Based on the above observations, the impact of 26dBm UEs is strongly related to the percentage of UEs being at cell edge. A full set of power distribution is presented in Appendix A. Table 2 summarized the percentage of UEs transmitting at maximum transmit power for both 10MHz and 20MHz cases. 
Appendix A [bookmark: _Ref441745562]Table 2. Percentage of UEs transmitting at full power.
	
	
	Percentage of UEs transmitting at full power

	Scenario
	ISD
	10MHz
	20MHz 

	Urban Set 1
	750m
	3.47%
	6.78%

	Urban Set 1p
	750m
	0.37%
	0.90%

	Urban Set 2
	750m
	negligible
	negligible

	SubUrban Set 1
	2.8km
	1.84%
	3.91%

	SubUrban Set 2
	2.8km
	negligible
	0.02%

	Rural Set1
	6km
	1.83%
	3.93%

	Rural Set2
	6km
	negligible
	0.03%

	Rural Set1
	8km
	1.95%
	4.18%

	Rural Set2
	8km
	negligible
	0.03%



As it can be observed, the two power control settings represent two different situations in terms of the interference created by cell edge UEs. In PC set 1, a higher level of interference is allowed, while PC setting 2 represents a more conservative case. The right PC setting depends on several aspects, including raise over thermal, mean and average cell throughput degradation due to inter-cell co-channel and adjacent channel interference (ACI). The aim of having two power control settings is to have a representation of different trade-offs which can happen in the real network. 
For the purpose of evaluating impact of class 2 UEs it is clear that PC set 1 is the most critical. In particular, for PC set 2, the impact to the system performance due to the 3dB higher transmit power compared to class 3 can be considered negligible because very few UEs will use that extra power. 
 

Simulation results
In this section we report the simulation results obtained by analyzing the impact of Band 41 UEs transmitting 26dBm maximum output power to legacy Band 41 adjacent system. In particular the following steps are taken into account [1]: 
1. Run the Band 41 UL to UL coexistence study, assuming parameters of both systems are according to parameters listed in section 2 for class 2 UEs. This corresponds to the coexistence of two commercial networks operating in adjacent channel and with similar deployment parameters. This is used as the reference. Band 41 victim system performance degradation results in this scenario are used as the baseline.

Provide a CDF plot of UE transmit power.

2. Run the Band 41 UL to UL coexistence study, assuming +26 dBm power class UE is deployed in Band 41 interfering system only, and obtain the victim system performance degradation results. The power control parameters in section 2 for 23dBm and 26dBm power class UEs are used for the victim and interfering system, respectively.

Provide a CDF plot of UE transmit power.

3. Compare the Band 41 victim system performance degradation obtaining in steps 1) and 2), choose the 26 dBm UE ACLR value so that the victim system performance degradation due to 26 dBm UE in 2) is the same as 1).
The full collection of mean/5%-tile throughput loss curves is presented in Appendix B. Those results are summarized in Table 3. The table shows the amount of ACLR tightening needed by power class 2 UEs in order to guarantee the same mean and 5%-tile throughput loss due to ACI compared to power class 3 UEs. 
[bookmark: _Ref441759084]Table 3. ACLR tightening needed by power class 2 UEs.
	
	
	ACLR Tightening Needed

	Scenario
	ISD
	10MHz 
	20MHz 

	Urban Set 1
	750m
	<=1dB
	<=0.8dB

	Urban Set 1p
	750m
	<=0.1dB
	<=0.1dB

	Urban Set 2
	750m
	Negligible
	Negligible

	SubUrban Set 1
	2.8km
	Negligible
	<=0.1dB

	SubUrban Set 2
	2.8km
	Negligible
	Negligible

	Rural Set1
	6km
	<=0.1dB
	<=0.2dB

	Rural Set2
	6km
	Negligible
	Negligible

	Rural Set1
	8km
	<=0.1dB
	<=0.1dB

	Rural Set2
	8km
	Negligible
	Negligible



The main information which can be extrapolated from the data above is that considering all the scenarios under analysis, the ACLR tightening needed is always equal or less than 1dB. This is true even in the most critical scenario where almost 7% of mobile users transmit at maximum power.
Observation 1: ACLR tightening required by class 2 UEs is between 0dB and 1dB.
Conclusion
[bookmark: _GoBack]In this contribution we presented simulation results showing adjacent channel coexistence performance for High Power UE operating in Band 41. We observed that the required ACLR increase due to the higher transmit power is in the range between 0dB and 1dB depending on the specific scenario:
Observation 1: ACLR tightening required by class 2 UEs is between 0dB and 1dB.
Reference
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Appendix A. [bookmark: _Ref441767726]UE transmit power distributions
In the following sections we present the UE transmit power distributions for power class 2 and 3 UEs in all the scenarios under consideration. For the sake of simplicity we only show the 20MHz case.
A.1. Urban – ISD = 750m
In this section we analyzed the results for Urban scenario with ISD=750m and the three PC set agreed in [4].
A.1.1. PC Set 1	
[image: ]
Figure 2. UE Tx Power distributions. Urban scenario – ISD=750m – PC set 1.


A.1.2. PC Set 1’	
[image: ]
Figure 3. . UE Tx Power distributions. Urban scenario – ISD=750m – PC set 1'.

A.1.3. PC Set 2
[image: ]
Figure 4. Throughput degradation due to ACI. Urban scenario – ISD=750m – PC set 2.


A.2. Suburban – ISD = 2.8km
In this section we analyze the results for Suburban scenarios with ISD=2.8km and the two PC set agreed in [4].

A.2.1. PC Set 1
[image: ]
Figure 5. UE Tx Power distributions. Suburban scenario – ISD=2.8km – PC set 1.
	
A.2.2. PC Set 2
[image: ]
Figure 6. UE Tx Power distributions. Suburban scenario – ISD=2.8km – PC set 2.


A.3. Rural – ISD = 6km
In this section we analyze the results for Suburban scenarios with ISD=6km and the two PC set agreed in [4].
A.3.1. PC Set 1	
[image: ]
Figure 7. UE Tx Power distributions. Rural scenario – ISD=6km – PC set 1.

A.3.2. PC Set 2
[image: ]
Figure 8. UE Tx Power distributions. Rural scenario – ISD=6km – PC set 2.

A.4. Rural – ISD = 8km
In this section we analyze the results for Rural scenarios with ISD=8km and the two PC set agreed in [4]. 

A.4.1. PC Set 1	
[image: ]
Figure 9. UE Tx Power distributions. Rural scenario – ISD=8km – PC set 1.
A.4.2. PC Set 2
[image: ]
Figure 10. UE Tx Power distributions. Rural scenario – ISD=8km – PC set 2.

Appendix B. [bookmark: _Ref442636927]Throughput loss curves
In the following sections we present a set of curves showing the mean and 5%-tile throughput degradation due to ACI. The following cases are taken into account:
· Blue square marker represents the mean throughput degradation due to ACI when the two adjacent operators both deploy class 2 UEs (23dBm max output power).
· Black triangle markers represent the mean throughput degradation due to ACI when one operator deploys class 2 UEs (23dBm max output power) and the adjacent operator deploys class 3 UEs (26dBm max output power). The victim system is the operator with 23dBm UEs.
· Green square marker represents the 5%-tile throughput degradation due to ACI when the two adjacent operators both deploy class 2 UEs (23dBm max output power).
· Red triangle markers represent the 5%-tile throughput degradation due to ACI when one operator deploys class 2 UEs (23dBm max output power) and the adjacent operator deploys class 3 UEs (26dBm max output power). The victim system is the operator with 23dBm UEs.
Y-axis shows the degradation with respect to a single operator case (no ACI) deploying class 3 UEs only. X-axis shows the performance as a function of an additional ACLR compared to the legacy ACLR (30dBc). For the 23dBm aggressor case only legacy ACLR is considered, i.e. 0dB offset compared to 30dBc. For the 26dBm aggressor case, up to 5dB ACLR tightening is analyzed.
In the following sections only PC set 1 is considered since in the case of PC set 2 the impact of class 2 UEs is negligible.
B.1. Urban – ISD = 750m
In this section we analyzed the results for Urban scenario with ISD=750m and the PC set 1(1’) agreed in [4].
B.1.1. PC Set 1	
[image: ]
Figure 11. Throughput degradation due to ACI. Urban scenario – ISD=750m – PC set 1.

B.1.2. PC Set 1’	
[image: ]
Figure 12. Throughput degradation due to ACI. Urban scenario – ISD=750m – PC set 1p.

B.2. Suburban – ISD = 2.8km
In this section we analyze the results for Suburban scenarios with ISD=2.8km and the PC set 1 agreed in [4].

B.2.1. PC Set 1
[image: ]
Figure 13. Throughput degradation due to ACI. Suburban scenario – ISD=2.8km – PC set 1.
	
B.3. Rural – ISD = 6km
In this section we analyze the results for Rural scenarios with ISD=6km and the PC set 1 agreed in [4]. 	
[image: ]
Figure 14. Throughput degradation due to ACI. Rural scenario – ISD=6km – PC set 1.


B.4. Rural – ISD = 8km
In this section we analyze the results for Rural scenarios with ISD=8km and the PC set 1 agreed in [4]. 
B.4.1. PC Set 1	
[image: ]
Figure 15. Throughput degradation due to ACI. Rural scenario – ISD=8km – PC set 1.
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