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1.
Introduction

Per TSG-RAN Working Group 4 (Radio) Ad-Hoc #2 meeting contribution R4-101352 [1] simulation methodology and assumptions for LTE-A coexistence scenarios, Alcatel-Lucent has performed simulations and presents the following results.  LTE coexistence simulation methodology is further defined in TR 36.942 [2]; however, any overlapping assumptions in [1] take precedence.
2. Simulation results

Table 1 shows the average relative uplink throughput reduction in percentages over various ACIR offset between the interfering 40 MHz LTE-A uplink and the affected 10 MHz LTE uplink.  
Table 1: LTE-A to LTE Uplink relative throughput reduction

	Power Control Set:
	PCS1
	
	PCS2
	

	ACIR offset
	Average relative throughput reduction (%)
	5%-tile relative throughput reduction (%)
	Average relative throughput reduction (%)
	5%-tile relative throughput reduction (%)

	-15
	21.8
	36.7
	15.7
	30.8

	-10
	10.6
	14.6
	7.4
	14.6

	-5
	4.7
	7.9
	3.2
	5.4

	0
	2.3
	2.6
	1.3
	1.3

	5
	0.9
	0.6
	0.5
	0.3

	10
	0.4
	0.1
	0.2
	0.0

	15
	0.1
	0.0
	0.1
	0.0


Table 2 shows the average relative uplink throughput reduction in percentages over various ACIR offset between the interfering 40 MHz LTE-A uplink and the affected 40 MHz LTE-A uplink.  

Table 2: LTE-A to LTE-A Uplink relative throughput reduction

	Power Control Set:
	PCS1
	
	PCS2
	

	ACIR offset
	Average relative throughput reduction (%)
	5%-tile relative throughput reduction (%)
	Average relative throughput reduction (%)
	5%-tile relative throughput reduction (%)

	-15
	17.7
	22.5
	11.3
	13.5

	-10
	8.1
	6.3
	4.6
	4.4

	-5
	3.3
	1.9
	1.7
	1.6

	0
	1.2
	0.6
	0.6
	0.6

	5
	0.4
	0.1
	0.2
	0.2

	10
	0.1
	0.0
	0.1
	0.1

	15
	0.0
	0.0
	0.0
	0.0


For the LTE-A uplink interferer and the affected system LTE-A or LTE, it is assumed that the ACLR of the LTE-A UE is the dominant contributing interference factor (i.e., emissions falling into the uplink receiver).  The ACLR is divided into three stage per definition in [1].  ACIR is defined as the ratio of the adjacent interfering channel power to the affected system user.  One LTE user consists of 16 contiguous resource blocks.  For 10 MHz LTE, there are 3 users.  For 40 MHz LTE-A, there are 12 users.

For the LTE uplink, there is less than 3% relative impact at ACIR offset = 0.  For the LTE-A uplink, there is less than 1% impact at ACIR offset = 0.

Table 3 shows the average relative UTRA uplink capacity reduction in percentages over various ACIR offset between the interfering 40 MHz LTE-A uplink and an affected UTRA uplink channel.

Table 3: LTE-A to UTRA Uplink relative capacity reduction

	Power Control Set:
	PCS1
	PCS2

	ACIR offset
	Average relative capacity reduction (%)
	Average relative capacity  reduction (%)

	-15
	100
	100

	-10
	100
	44.9

	-5
	100
	16.6

	0
	72.1
	5.2

	5
	25.2
	1.7

	10
	6.5
	0.5

	15
	2.4
	0.2


ACIR is defined as the ratio of the adjacent interfering channel power to the affected system 3.84 MHz UTRA channel receive.  As before, it is assumed that the ACLR of the LTE-A UE is the dominant contributing interference factor.  See [1] for definition of the ACLR stages and how it translates to ACIR and ACIR offset.

For the UTRA uplink, there is more than 70% capacity reduction when LTE-A is using power control set 1 parameters (PCS1) at offset = 0.  This implies that the ACIR needs improvement of 15 dB (offset = 15), in order to observe capacity reduction of less than 5%.

There is about 5% capacity reduction when LTE-A is using power control set 2 parameters (PCS2).

Table 4 shows the average relative downlink throughput reduction for various ACIR offsets between the interfering 2x20 MHz LTE-A downlink and the affected 10 MHz LTE downlink.
Table 4: LTE-A to LTE Downlink relative throughput reduction

	user assumption:
	One user per channel
	

	ACIR offset
	Average relative throughput reduction (%)
	5%-tile relative throughput reduction (%)

	-15
	5.8
	18.2

	-10
	2.7
	7.7

	-5
	1.1
	1.4

	0
	0.4
	0.8

	5
	0.2
	0.7

	10
	0.1
	0.6

	15
	0.0
	0.2


ACIR is defined as the ratio of the adjacent interfering downlink channel power to the affected system receiver bandwidth.  It is assumed per [1] that the ACS of the UE is the dominant contributing interference factor since the interfering BS ACLR is infinite.  It is also assumed that one user utilized all resource blocks in the downlink.  Depending on the LTE UE receiver, if the ACS is scaled to the entire receive band, then ACIR is equal to the ACS.  In this case, ACIR + offset is equal to ACS + offset.
It is noted that per TS 36.101 [3], ACS (adjacent channel selectivity) is a measure of a receiver's ability to receive an E-UTRA (LTE) signal at its assigned channel frequency in the presence of an adjacent channel signal at a given frequency offset from the centre frequency of the assigned channel.  ACS is the ratio of the receive filter attenuation on the assigned channel frequency to the receive filter attenuation on the adjacent channel(s).  The assigned channel frequency is 10 MHz LTE is this case.
Results show that an offset of 0 dB is needed to attain average LTE downlink throughput reduction to less than 5%.  

Table 5 shows the average relative downlink throughput reduction for various ACIR offsets between the interfering 2x20 MHz LTE-A downlink and the affected 40 MHz LTE-A downlink.

Table 5: LTE-A to LTE-A Downlink relative throughput reduction

	user assumption:
	One user per channel
	

	ACIR offset
	Average relative throughput reduction (%)
	5%-tile relative throughput reduction (%)

	-15
	12.8
	48.7

	-10
	6.6
	21.2

	-5
	3.2
	8.9

	0
	1.4
	2.3

	5
	1.3
	1.7

	10
	0.2
	0.8

	15
	0.1
	0.6


ACIR is defined as the ratio of the adjacent interfering downlink channel power to the affected system receiver bandwidth.  It is assumed per [1] that the ACS of the UE is the dominant contributing interference factor since the interfering BS ACLR is infinite.  It is also assumed that one user utilized all resource blocks in the downlink.  Depending on the LTE-A UE receiver, if the ACS is scaled to the entire receive band, then ACIR is equal to the ACS.  In this case, ACIR + offset is equal to ACS + offset.

It is noted that per TS 36.101 [3], ACS (adjacent channel selectivity) is a measure of a receiver's ability to receive an E-UTRA (LTE) signal at its assigned channel frequency in the presence of an adjacent channel signal at a given frequency offset from the centre frequency of the assigned channel.  ACS is the ratio of the receive filter attenuation on the assigned channel frequency to the receive filter attenuation on the adjacent channel(s).  The assigned channel frequency is 40 MHz LTE is this case.

Results show that an offset of 0 dB is needed to attain average LTE-A downlink throughput reduction to less than 5%.  

Table 6 shows the average relative downlink capacity reduction for various ACIR offsets between the interfering 2x20 MHz LTE-A downlink and the affected UTRA downlink.

Table 5: LTE-A to UTRA Downlink relative capacity reduction

	ACIR offset
	Average relative capacity reduction (%)

	-15
	22.3

	-10
	11.1

	-5
	4.5

	0
	2.1

	5
	0.7

	10
	0.0

	15
	0.0


ACIR is defined as the ratio of the adjacent interfering downlink channel power to the affected system receiver bandwidth.  It is assumed per [1] that the ACS of the UE is the dominant contributing interference factor since the interfering BS ACLR is infinite.

Results show that an offset of 0 dB, there is less than 5% capacity reduction in the UTRA downlink.

3
Remarks

The above simulations results are for further discussion.  
For the LTE and LTE-A uplink impact from LTE-A with either power control set 1 or 2, then is minimal impact at ACIR offset = 0 dB.  
For the UTRA uplink impact, at offset = 0 dB and LTE-A with power control 1, there is significant impact as offset = 0 dB.
For the LTE and LTE-A downlink impact from LTE-A, then is minimal impact at ACIR offset = 0 dB when there is one downlink affected user.  

For the UTRA downlink impact, at offset= 0 dB, there is minimal impact.
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