Page 4
Draft prETS 300 ???: Month YYYY


TSG-RAN Working Group 4 (Radio) Meeting #57AH
R4-110037
Austin, Tx, USA, January 16th- 21st 2011

Source:
Ericsson, ST-Ericsson 
Title:
Analysis of the co-existence results
Agenda item:
4.5.1
Document for:
Discussion
1. Introduction

In the RAN4-57 Meeting in Jacksonville a number of contributions containing co-existence results were presented. In this contribution we take a further look at the provided results. In general there is more work remaining in the area and we suggest some possible ways to continue the work.
2. Results alignment
So far there is no complete set of data provided by any company. Luckily there are some cases where many companies have provided results and these can be used for a first assessment of how well the simulation results are aligned.
2.1 Case A1: Downlink Outdoor Propagation Case1
In figure 2.1-1 and 2.1-2 we have plotted the results for case A1 from six different companies.
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Figure 2.1-1: Case A1 results, 5th percentile throughput.
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Figure 2.1-2: Case A1 results, average throughput.

There have been different ways of determining the acceptable interference level between co-existing networks. However one commonly used criteria is 5% loss at the throughput of the 5th percentile user. Using this criteria we get the results in table 2.1-1for ACIR and required Relay ACLR. The ACLR is calculated assuming a UE ACS of 33 dB.
Table 2.1-2 ACIR and ACLR at 5% loss at 5th percentile throughput
	Contribution
	ACIR [dB]
	ACLR [dB]

	R4-104385 Ericsson, ST-Ericsson
	35
	Infinite

	R4-104610 Huawei
	23
	23.5

	R4-104236 CATR
	30
	33.0

	R4-104361 CATT
	38
	Infinite

	R4-104165 LG Electronics
	<20
	<20.2

	R4-104127 Qualcomm
	24
	24.6


In summary the results for this particular coexistence case show quite a wide variation. In this particular case the conclusion would be that the required ACLR of a relay should be in the range “less than 20.2 dB” to “infinity”. 
2.2 Case C1: Downlink outdoor propagation Case3
The second set of data that is available from many companies is the C1 case. The only difference compared to the A1 case is the propagation model. As can be seen from figure 2.2-1 and 2.2-2 the results are similar to case A1 as well.
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Figure 2.2-1: Case C1 results, 5th percentile throughput.
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Figure 2.2-2: Case C1 results, average throughput.

If we use the same criteria as previously for evaluating the results we see the same behaviour, i.e. there is a large spread of the results. It seems that for some of the results the sensitivity to variations is quite high. Some of the curves are quite flat around the 5% level.
Table 2.1-2 ACIR and ACLR at 5% loss at 5th percentile throughput

	Contribution
	ACIR [dB]
	ACLR [dB]

	R4-104385 Ericsson, ST-Ericsson
	45
	Infinite

	R4-104610 Huawei
	23
	23.5

	R4-104236 CATR
	>45
	Infinite

	R4-104361 CATT
	>45
	Infinite

	R4-104165 LG Electronics
	<20
	<20.2

	R4-104127 Qualcomm
	27
	


2.3 Case A2-1Uplink, outdoor Case1
There are fewer results available for the uplink cases. In figure 2.3-1 we have plotted the results for case A2-1. The results show similar trends as the previous examples, i.e. the variation in results are quite large.
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Figure 2.3-1: Case A2-1 results, 5th percentile throughput.

2.4  Corner case (what happens with a perfect relay) 

It is possible to consider what should happen with a perfect relay, i.e. a relay that has infinite ACLR and ACS.
The specifications (and the simulation assumptions) for the UE and BS performance is:
For the DL: 45 dB ACLR and 33 dB ACS results in ACIR of 32.7 dB

For the UL: 33 dB ACLR and 46 dB ACS results in 32.8 dB ACIR.

For a perfect relay in case A1 the UE would have an ACIR of 33 dB for interference from relays and 32.7 dB for interference from BS. Looking at the graph in 7.1.1.2 from 36.942 (reproduced below) we end up with 3-4% loss in the 5% th percentile for the downlink at ACIR of 33 dB. The assumptions are not exactly the same as for case A1, but they are reasonably similar. Thus we can expect that we should see some degradation with an adjacent channel interferer, even for perfect relays.
We also note that for ACIR values below 33 dB the UE ACS becomes dominant and this is around this region we should se flattening out of the resuls.
As a side note we also note the simulation results for the case were quite aligned. At least it should be possible to have quite aligned results from all the companies.

[image: image6.emf]0,00

2,00

4,00

6,00

8,00

10,00

12,00

14,00

16,00

15 20 25 30 35 40 45 50

ACIR

average E-UTRA DL throughput loss (%)

Siemens (R4-060748)

Huawei (R4-061003)

Motorola (R4-060462)

Ericsson (R4-061071)

DoCoMo (R4-060967)

Lucent (R4-061134)

Qualcomm (R4-061342)

averaged


[image: image7.emf]0,00

10,00

20,00

30,00

40,00

50,00

60,00

70,00

80,00

90,00

100,00

15 20 25 30 35 40 45 50

ACIR

5% CDF E-UTRA DL throughput loss (%)

Siemens (R4-060749)

Huawei (R4-061003)

Motorola

Ericsson (R4-061071)

DoCoMo (R4-060967)

Lucent (R4-061134)

Qualcomm (R4-061342)

(5% CDF) averaged


3. Worst cases
What are the worst cases for relay coexistence? Let’s look at the question in a bit more detail:

In this section we compare the various co-existence cases agreed. If we find the worst cases it may be possible to limit the number of cases simulated. It should also be possible to see some trends in relay behaviour.

In this chapter we have used the Ericsson data set since that is the most complete set. To make the comparison we look at the average loss at the 30dB ACIR level. This value is then compared for all the simulation cases. The results grouped according to link direction (UL or DL) and whether the RN is victim or aggressor.
The results are summarised in Table 3-1 to 3-4.
Table 3-1 Comparison of DL cases, RN is agressor
	
	Loss%
	UL/DL
	RN is
	Relay location
	Propagation
	Relay location

	Case E1
	5,5
	DL
	Agressor
	Square grid
	Case 1
	Outdoor

	Case C1
	4,5
	DL
	Agressor
	Relay on edge
	Case 3
	Outdoor

	Case F1
	2,6
	DL
	Agressor
	Square grid
	Case 1
	Tru-wall

	Case A1
	2,5
	DL
	Agressor
	Relay on edge
	Case 1
	Outdoor

	Case B1
	2,5
	DL
	Agressor
	Random Building
	Case 1
	Tru-wall

	Case D1
	2,5
	DL
	Agressor
	Random Building
	Case 3
	Tru-wall

	Case G1
	2,5
	DL
	Agressor
	Square grid
	Case 3
	Outdoor

	Case H1
	2,4
	DL
	Agressor
	Square grid
	Case 3
	Tru-wall


Table 3-2 Comparison of DL cases, RN is victim

	
	Loss%
	UL/DL
	RN is
	Relay location
	Propagation
	Relay location

	Case H3
	2,7
	DL
	Victim
	Square grid
	Case 3
	Tru-wall

	Case F3
	1,9
	DL
	Victim
	Square grid
	Case 1
	Tru-wall

	Case E3
	1,5
	DL
	Victim
	Square grid
	Case 1
	Outdoor

	Case D3
	1,4
	DL
	Victim
	Random Building
	Case 3
	Tru-wall

	Case C3
	1,2
	DL
	Victim
	Relay on edge
	Case 3
	Outdoor

	Case G3
	1
	DL
	Victim
	Square grid
	Case 3
	Outdoor

	Case A3
	0,2
	DL
	Victim
	Relay on edge
	Case 1
	Outdoor

	Case B3
	0,2
	DL
	Victim
	Random Building
	Case 1
	Tru-wall


Table 3-3 Comparison of UL cases, RN is agressor

	
	Loss%
	UL/DL
	RN is
	Relay location
	Propagation
	Relay location

	Case E2-1
	6,5
	UL PC1
	Agressor
	Square grid
	Case 1
	Outdoor

	Case G2-1
	5,5
	UL PC1
	Agressor
	Square grid
	Case 3
	Outdoor

	Case H2-1
	5
	UL PC1
	Agressor
	Square grid
	Case 3
	Tru-wall

	Case C2-1
	4
	UL PC1
	Agressor
	Relay on edge
	Case 3
	Outdoor

	Case F2-1
	4
	UL PC1
	Agressor
	Square grid
	Case 1
	Tru-wall

	Case G2-2
	3,5
	UL PC2
	Agressor
	Square grid
	Case 3
	Outdoor

	Case E2-2
	3,4
	UL PC2
	Agressor
	Square grid
	Case 1
	Outdoor

	Case A2-1
	3
	UL PC1
	Agressor
	Relay on edge
	Case 1
	Outdoor

	Case B2-1
	3
	UL PC1
	Agressor
	Random Building
	Case 1
	Tru-wall

	Case C2-2
	2,4
	UL PC2
	Agressor
	Relay on edge
	Case 3
	Outdoor

	Case D2-1
	2,3
	UL PC1
	Agressor
	Random Building
	Case 3
	Tru-wall

	Case F2-2
	2,2
	UL PC2
	Agressor
	Square grid
	Case 1
	Tru-wall

	Case H2-2
	2,2
	UL PC2
	Agressor
	Square grid
	Case 3
	Tru-wall

	Case A2-2
	2
	UL PC2
	Agressor
	Relay on edge
	Case 1
	Outdoor

	Case B2-2
	1,8
	UL PC2
	Agressor
	Random Building
	Case 1
	Tru-wall

	Case D2-2
	1,5
	UL PC2
	Agressor
	Random Building
	Case 3
	Tru-wall


Table 3-4 Comparison of UL cases, RN is victim. Note that the “0” means no results. In some cases this is cause by very severe interference and thus the “0” cases could maybe end up at the top of the list.
	
	Loss%
	UL/DL
	RN is
	Relay location
	Propagation
	Relay location

	Case A4-2
	11
	UL PC2
	Victim
	Relay on edge
	Case 1
	Outdoor

	Case E4-2
	9,5
	UL PC2
	Victim
	Square grid
	Case 1
	Outdoor

	Case C4-2
	9
	UL PC2
	Victim
	Relay on edge
	Case 3
	Outdoor

	Case G4-2
	8,5
	UL PC2
	Victim
	Square grid
	Case 3
	Outdoor

	Case A4-1
	0
	UL PC1
	Victim
	Relay on edge
	Case 1
	Outdoor

	Case B4-1
	0
	UL PC1
	Victim
	Random Building
	Case 1
	Tru-wall

	Case C4-1
	0
	UL PC1
	Victim
	Relay on edge
	Case 3
	Outdoor

	Case D4-1
	0
	UL PC1
	Victim
	Random Building
	Case 3
	Tru-wall

	Case E4-1
	0
	UL PC1
	Victim
	Square grid
	Case 1
	Outdoor

	Case F4-1
	0
	UL PC1
	Victim
	Square grid
	Case 1
	Tru-wall

	Case G4-1
	0
	UL PC1
	Victim
	Square grid
	Case 3
	Outdoor

	Case H4-1
	0
	UL PC1
	Victim
	Square grid
	Case 3
	Tru-wall

	Case B4-2
	0
	UL PC2
	Victim
	Random Building
	Case 1
	Tru-wall

	Case D4-2
	0
	UL PC2
	Victim
	Random Building
	Case 3
	Tru-wall

	Case F4-2
	0
	UL PC2
	Victim
	Square grid
	Case 1
	Tru-wall

	Case H4-2
	0
	UL PC2
	Victim
	Square grid
	Case 3
	Tru-wall


We can make some observations from these tables:


· The UL data set is not complete for the case when the RN is the victim, thus drawing conclusions is difficult.

· In the UL the PC set 1 is a worse aggressor than PC set 2. This is consistent with previous results.

· It seems that the impact of relays as aggressor is worse in the outdoor cases. Conversely the relay is more susceptibe to interference in the thru-wall case.
4. Summary

The co-existence results are so far quite spread and it is necessary to have better alignment among companies in order to be able to draw conclusions.

If we should limit or focus on some specific cases we should focus on outdoor cases when relays are agressors and thru-wall cases when they are victims.
