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Introduction
In the last meeting four different spurious emission levels / ranges were agreed to be further studied for B42/B43 UE coexistence in the WF: R4-144047. This document shows simulation results of UL throughputs for different A-MPRs. There are three questions/tasks which need to be resolved in order to finalise the work:
· Agree on the spurious emission levels for the UE co-existence
· Consider symmetrical spurious emission
· Agree on the actual/final A-MPR values

Spurious emission assumptions and A-MPR
In the Seoul meeting the following four spurious emission levels and offsets were agreed for further study on B42/B43 UE-coexistence, R4-144047:

Case 1:
-15.5dBm/5MHz at 5MHz offset from the aggressor over a 25 MHz region

-40dBm/MHz at 30 MHz offset from the aggressor to the end of the band 

Case 2:
-15.5dBm/5MHz at 5MHz offset from the aggressor over a 20 MHz region

-40dBm/MHz at 25 MHz offset from the aggressor to the end of the band

Case 3:
-23dBm/5MHz at 5MHz offset from the aggressor over a 25 MHz region

-40dBm/MHz at 30 MHz offset from the aggressor to the end of the band

Case 4:
-23dBm/5MHz at 5MHz offset from the aggressor over a 20 MHz region

-40dBm/MHz at 25 MHz offset from the aggressor to the end of the band
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Figure 1: B42/B43 spurious emission levels for further study
For these spurious emissions the necessary A-MPR is calculated in reference [3] and A-MPR tables can be defined. The A-MPR figures and A-MPR tables for B42 and B43 protection are given in the appendixes for:

· Appendix B: B42 to B43 protection for Case 1 to Case 4 with carrier BW 20 MHz

· Appendix C: B43 to B42 protection for  Case 1 to Case 4 with carrier BW 20 MHz. Mirrored A-MPR from B42 to B43 protection
· Appendix D: For symmetrical spurious protection for Case 1 to Case 4 with carrier BW 20 MHz. 
· Appendix E: For carrier BW 15 MHz with Case 1. For B42 to B43 protection, B43 to B42 protection and symmetrical spurious protection.
Simulation assumptions

The simulator uses a static, i.e., time-invariant, approach and, thus, no small-scale fading effects are generated. In each drop UEs are randomly placed over the simulation area such that each cell has the same number of UEs associated to it. The UEs average SNIRs are mapped through a link-layer curve to an average throughput. The A-MPR is set according to the A-MPR tables in Appendix B with Table 3 for Case 1, Table 4 for Case 2 and Table 5 for Case 3/4. Further assumptions in the simulator are given in the Appendix A, we note: 
· The power control setting (P0) is chosen in order to optimize the mean throughput but still to have acceptable cell-edge throughput.
· The same power control (P0 value) was used for with and without A-MPR for all UEs 
· All the RBs are equally distributed to the UEs in the cell
· The P0 is chosen different for different numbers of UEs. Typically P0 can be increased for larger number of UEs per cell as the power per RB can be higher. 
Results for UL throughput
The figure below shows the user throughput of a single user in the cell with 0 and 2 dB A-MPR. It can be seen that for the used settings the median throughput does not change too much compared to the edge-throughput. If optimizing for equal cell-edge throughput for different A-MPR levels the medium throughput would be more affected. 
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Figure 2: UL user throughput for single UE in the cell for zero and 2 dB A-MPR
The cell-edge throughput (5% CDF) for the AMPR Case 1 and Case 3 and Case4 compared to the throughput without A-MPR are given in Figure 3 and Figure 4. We can observe that:

· For Case 1 the cell-edge throughput is reduced by 31%, 16% and 7% for 1, 2 and 3 UEs/cell. For UEs/cell > 3 there is zero A-MPR
· For Case 3 and Case 4 the cell-edge throughput decrease for 1 to 5 UEs/cell and is: 28%, 29%, 16%, 9% and 7%. The cell-edge throughput for 1 UE/cell is slightly less to the 2 UE/cells. One of the reasons for this is as the power control setting (P0) is decreased for 1 UE to maintain some cell-edge throughput on the cost of less average cell throughput.
· The cell-edge throughput loss for 6 and 7 UEs is: 9% and 15% for Case 3 and Case 4. That is higher than for 5 UEs and this is because for higher RB index we have A-MPR of up to 3 dB for small LCRB as indicated in Figure 10. 
· For 1 UE the cell-edge throughput loss of Case 1 is higher than for Case 3 and Case 4 which is because a different power control setting P0 is used to ensure a good average throughput and still have reasonable cell-edge throughput with A-MPR.
· For the results below the medium throughput with and without A-MPR is within 1% from each other.
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Figure 3: Cell edge throughput loss (5% CDF) for Case 1 A-MPR
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Figure 4: Cell edge throughput loss (5% CDF) for Case 3 and Case 4 A-MPR
Throughput degradation due DL interference and/or UL power restrictions

As highlighted in R4-143251 it will be important to balance the possible degradation due to DL interference and UL power restrictions. In previous meetings most companies could agree that the UE-coexistence value has to be dealt on a band-by-band basis. For the DL the throughput degradation due to interference was discussed in various inputs e.g.: Ericsson R4-140739, Intel R4-140581 and CATT R4-141662. Depending mainly on the victim to aggressor distance assumption median and 5% throughput degradation have been shown to be anywhere between 1% to 100% for -15.5 dBm/5MHz and even for -23 dBm/5MHz (-30 dBm/MHz) for the B42/B43 scenario. Difference in the simulation assumptions are highlighted in the Ericsson input R4-141849 and Softbank made a good discussion of the ECC Report 131 and its co-existence assumptions in R4-140588. 

From this we clearly understand that we have to be careful when not using the “standard” UE-coexistence value. The following points will help to prevent to have UE-coexistence values > -50 dBm/MHz on a regularly basis: 

(i) Discussion on a band-by-band basis 
(ii) Adding a note in the specification to highlight possible degradation for higher values
(iii) Limit the range of the exception of larger spurious emission levels. Define and limit range for which NS/A-MPR has to be set for the higher UE-coexistence values.
Proposal 1: We shall further clearly specify in the specifications that for UE-coexistence levels > -50 dBm/MHz the UE can experience DL throughput degradation due to this. See e.g. Note 26 in Table 6.6.3.2-1 in TS 36.101
Some UL throughput degradation (A-MPR) is unavoidable due to the adjacent operation of these two bands even for spurious emission levels of -15.5 dBm/5MHz (e.g. for 20 and 15 MHz carrier BWs). Any UL power restriction with A-MPR will influence all terminals in the network whereas the degradation due to DL interference will occur just for some terminals at some instant of time. Of course for an operator degradation of the DL and/or UL should be avoided in general but in this case a compromise has to be made. From the above UL throughput simulation results for Case 3 and Case 4 (spurious emission levels of -23 dBm/5MHz) we conclude that the required A-MPR for low number of contiguous RB allocation is too high and this will influence the UL throughput of many terminals in the network. This is not acceptable to operators and therefore we propose that Case 1 shall be used in order to define the A-MPR for B42 and B43.
Proposal 2: Use Case 1 to define A-MPR for B42/B43 UE-coexistence
In case the DL interference would cause problems in the future there are still the following possibilities to solve this:
· Use A-MPR versioning for tighter A-MPR requirements
· Operators can use synchronised operation

The ECC Report 203 defines transitional region power limits for the BS in order to allow un-synchronised operation between B42 and B43 but this can be also more general applied for in-band unsynchronised operation. This makes sense as with that B42 and B43 can be operated without any strict borders. The A-MPR for such symmetrical spurious emission is shown in Table 1 and Figure 5 for Case 1 with 20 MHz carrier BW. For 15 Mhz carrier BW the A-MPR table and figure for symmetrical spurious emission can be found in Table 7 and Figure 22 respectively.
Proposal 3: Use A-MPR for symmetrical spurious emission
For the A-MPR table if there are overlapping regions the larger A-MPR will apply

Table 1: A-MPR table for Case 1 and 20 MHz carrier BW for symmetrical spurious emission protection
	RBstart [RB]
	LCRB [RB]
	RBstart + LCRB [RB]
	A-MPR (QPSK and 16-QAM) [dB]

	N/A
	> 90
	N/A
	≤ 2

	0 – 5
	30 – 58
	N/A
	≤ 1

	0 – 8
	59 – 90
	N/A
	≤ 1

	9 – 31
	N/A
	>92
	≤ 1

	32 – 65
	N/A
	>95
	≤ 1

	66 – 70
	>29
	N/A
	≤ 1
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Figure 5: A-MPR mapping for Case 1 and for symmetrical spurious emission using Table 1.
Summary

We believe that for B42/B43 the DL interference levels of -15.5dBm/5MHz and -40dBm/MHz at 5 MHz and 30 MHz offset from the aggressor respectively is an acceptable WF. This is as for lower spurious emission requirements the necessary A-MPR will also limit lower numbers of contiguous RB allocations and that will limit the UL throughout for too many terminals in the network. 
Proposal 1: We shall further clearly specify in the specifications that for UE-coexistence levels > -50 dBm/MHz the UE can experience DL throughput degradation due to this. See e.g. Note 26 in Table 6.6.3.2-1 in TS 36.101
Proposal 2: Use Case 1 to define A-MPR for B42/B43 UE-coexistence
Proposal 3: Use A-MPR for symmetrical spurious emission
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Appendix A: Simulation assumptions

Table 2: Simulation Assumptions

	Parameter
	Value 
	Comment

	LTE System

	Thermal noise 
	-204 dBW/Hz
	

	Carrier frequency
	3.6 GHz
	

	Carrier Bandwidth
	20 MHz
	

	Bandwidth for transmission
	100 RBs
	

	Bandwidth reserved for PUCCH
	0 RBs
	

	eNB noise figure
	5 dB
	

	eNB-UE antenna configuration
	1 transmit antenna at UE,

2 receive antennas at eNB
	

	eNB antenna gain
	15 dBi
	After feeder losses

	eNB Antenna pattern
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 = 70 degrees,  Am = 25 dB 
	Only horizontal pattern considered

	UE transmit power
	23 dBm
	

	UE antenna gain
	0 dBi
	

	Power control
	Open loop 
	Setting of P0, same for both with and without AMPR. α = 1

	Frequency-domain scheduling
	Static, Available RBs equally divided between users
	

	Load
	Full buffer
	

	Reuse
	1
	

	Link-layer throughput curve
	Typical urban, 3 km/h
min SNIR = -10 dB
max 2.0 bps/Hz 
	See TR36.942 [1], Table A.1. SNIR below -10 dB yields 0 throughput

	Scenario

	Cell layout
	Hexagonal, wrap around
	

	Sectors per site
	3
	

	Number of sites
	19
	

	Inter-site distance
	300 m
	

	Base station height 
	25 m average building height
	Base station height 

	Path loss model
	Macro Urban NLOS [2]

	PL=24.7+39.1*log10(d)
@ 3.6 GHz, d in m,

hBS = 25 m, hUT = 1.5 m, W = 20 m, h = 20 m

	Minimum distance between base station and UE
	10 m
	

	Placement of UEs
	Randomly over simulation area
	

	Small-scale fading
	Not generated
	Included in link-layer throughput curve

	Shadow fading standard deviation
	10 dB
	Higher than in [2] due to indoor penetration loss

	Indoor Penetration Loss
	15 dB
	

	Shadow fading correlation
	1 between sectors of same site
	

	
	0.5 between sites
	

	Cell selection
	UE is associated with cell to which it has the lowest gain (antenna gain+path loss+shadowing)
	

	Number of drops
	10 000
	Reduced when finding P0


Appendix B: A-MPR for B43 to B42 protection with carrier BW 20 MHz 
A-MPR simulation results for spurious emission Case 1 to Case 4 for B42 to B43 protection with carrier BW 20 MHz
Case 1:
-15.5dBm/5MHz at 5MHz offset from the aggressor over a 25 MHz region

-40dBm/MHz at 30 MHz offset from the aggressor to the end of the band 
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Figure 6: A-MPR result for Case 1 with carrier BW 20 MHz [3]
For the A-MPR table if there are overlapping regions the larger A-MPR will apply

Table 3: A-MPR mapping table for Case 1

	RBstart [RB]
	LCRB [RB]
	RBstart + LCRB [RB]
	A-MPR (QPSK and 16-QAM) [dB]

	N/A
	> 90
	N/A
	≤ 2

	0 – 5
	30 – 90
	N/A
	≤ 1

	10 – 68
	N/A
	> 90 + round(10*RB_start/68))
	≤ 1
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Figure 7: A-MPR mapping with Table 2 for Case 1 in Figure 6
Case 2:
-15.5dBm/5MHz at 5MHz offset from the aggressor over a 20 MHz region

-40dBm/MHz at 25 MHz offset from the aggressor to the end of the band
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Figure 8: A-MPR result for Case 2 [3]
For the A-MPR table if there are overlapping regions the larger A-MPR will apply

Table 4: A-MPR mapping table for Case 2

	RBstart [RB]
	LCRB [RB]
	RBstart + LCRB [RB]
	A-MPR (QPSK and 16-QAM) [dB]

	N/A
	> 95
	N/A
	≤ 3

	N/A
	82 – 95
	N/A
	≤ 2

	0 – 5
	30 – 81
	N/A
	≤ 1

	10 – 68
	N/A
	> 90 + round(10*RB_start/68))
	≤ 1
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Figure 9: A-MPR mapping with Table 3 for Case 2
Case 3:
-23dBm/5MHz at 5MHz offset from the aggressor over a 25 MHz region

-40dBm/MHz at 30 MHz offset from the aggressor to the end of the band

Case 4:
-23dBm/5MHz at 5MHz offset from the aggressor over a 20 MHz region

-40dBm/MHz at 25 MHz offset from the aggressor to the end of the band
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Figure 10: A-MPR result for Case 3 and Case 4 [3]
For the A-MPR table if there are overlapping regions the larger A-MPR will apply

Table 5: A-MPR mapping table for Case 3/Case 4

	RB_start
	L_CRB [RB]
	L_CRB + RB_start [RB]
	A-MPR (QPSK and 16-QAM) [dB]

	N/A
	> 70
	N/A
	≤ 3

	0 – 5
	30 – 70
	N/A
	≤ 1

	15 – 81
	N/A
	> 80
	≤ 2

	22 – 61
	N/A
	85 + round(15*RB_start/61)
	≤ 3

	65 – 99
	< 20
	65 + round(18*RB_start/99)
	≤ 3
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Figure 11: A-MPR mapping with Table 4 for Case 3
Appendix C: A-MPR for B43 to B42 protection with carrier BW 20 MHz
A-MPR for Case 1 to Case 4 for B43 to B42 protection with 20 MHz carrier BW
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Figure 12: A-MPR for B43 to B42 protection for Case 1. Mirorred A-MPR from Figure 7 
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Figure 13: A-MPR for B43 to B42 protection for Case 2. Mirorred A-MPR from Figure 9
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Figure 14: A-MPR for B43 to B42 protection for Case 3 and Case 4. Mirorred A-MPR from Figure 11.
Appendix D: A-MPR for symmetrical spurious emission with carrier BW 20 MHz
A-MPR simulation results for spurious emission Case 1 to Case 4 for symmetrical spurious emission protection and 20 MHz carrier BW
A-MPR allocation for B42-to-B43, B43-to-B42 and in-band protection
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Figure 15: A-MPR mapping for Case 1 for symmetrical spurious emission protection. Overlaying the A-MPR from Figure 7 and Figure 12.
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Figure 16: A-MPR mapping for Case 2 for symmetrical spurious emission protection. Overlaying the A-MPR from Figure 8 and Figure 13.
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Figure 17: A-MPR mapping for Case 3 and Case 4 for symmetrical spurious emission protection. Overlaying the A-MPR from Figure 9 and Figure 14.
Appendix E: A-MPR for carrier BW 15 MHz
A-MPR simulation results for spurious emission Case 1 with carrier BW 15 MHz for B42 to B43 protection, B43 to B42 protection and symmetrical spurious emission protection.
Case 1:
-15.5dBm/5MHz at 5MHz offset from the aggressor over a 25 MHz region

-40dBm/MHz at 30 MHz offset from the aggressor to the end of the band 
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Figure 18: A-MPR result for Case 1 with carrier BW 15 MHz [3]
For the A-MPR table if there are overlapping regions the larger A-MPR will apply

Table 6: A-MPR mapping table for Case 1 with carrier BW 15 MHz for B42 to B43 protection
	RBstart [RB]
	LCRB [RB]
	RBstart + LCRB [RB]
	A-MPR (QPSK and 16-QAM) [dB]

	N/A
	> 70
	N/A
	≤ 1

	7 – 49
	> 25
	> 69
	≤ 1
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Figure 19: A-MPR mapping with Table 6 for Figure 18
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Figure 20: A-MPR for B43 to B42 protection for Case 1. Mirorred A-MPR from Figure 19
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Figure 21: A-MPR mapping for Case 1 for symmetrical spurious emission protection. Overlaying the A-MPR from Figure 19 and Figure 20 
For the A-MPR table if there are overlapping regions the larger A-MPR will apply

Table 7: A-MPR mapping table for Case 1 with carrier BW 15 MHz for symmetrical spurious protection
	RBstart [RB]
	LCRB [RB]
	RBstart + LCRB [RB]
	A-MPR (QPSK and 16-QAM) [dB]

	N/A
	> 70
	N/A
	≤ 1

	7 – 49
	> 25
	> 69
	≤ 1

	0 – 5
	25 – 67
	N/A
	≤ 1
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Figure 22: A-MPR mapping for Case 1 for symmetrical spurious emission using Table 7
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