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1 Introduction

There are ongoing discussions in GERAN regarding both UL and DL performance requirements for VAMOS. This document summarizes the view from the sourcing companies on topics regarding VAMOS UL interferer scenarios.
Updates compared to [5] have been highlighted in red.

The addressed topic is taken from  [1].

2 Proposal

The current proposal on VAMOS UL interferer profiles, seen in [1], contains both single and multi interferer scenarios, all with non-VAMOS interferernce.

The proposal from the sourcing companies is to change the interferer profiles to the ones listed in Table 1.

Table 1. Proposed VAMOS Uplink Test Scenarios (VUTSs).

	Name
	Test scenario details

	
	Interfering signal
	Interferer relative power levels
	Interferer delay range

	VUTS-1
	Co-ch, GMSK

Co-ch, GMSK
	0

0
	No delay

No delay

	VUTS-2
	Adj-ch, GMSK

Adj-ch, GMSK
	0

0
	No delay

No delay

	VUTS-3
	Co-ch, GMSK

Co-ch, GMSK
	0*

0*
	74 symbols

74 symbols


*) The power of the delayed interferer burst, averaged over the active part of the wanted signal burst. The power of the delayed interferer burst, averaged over the active part of the delayed interferer burst is 3 dB higher.
The reason for change is the following:
1. Single interferer profile should be avoided in the UL scenario since different receiver architectures are expected to perform quite differently (see Annex). Large spreads in performance will delay the specification work tryling to align different proposals.
2. A single interferer is not expected to cover a typical interferer case for VAMOS, which is targeting high voice capacity scenarios. Dumps from DL network scenarios show that single interferer profiles occur very rarely as indicated in Table 2. Thresholds have been used to identify interferer profiles that can be classified as a single-interferer scenario. More information on the thresholds used and methodology is given in the Annex. The results show clearly that even if thresholds are chosen where the single-interferer model could be questioned, (Set 1), the probability of such interferer profiles occurring is well below 1 %. The network load in both cases was chosen to achieve 95% happy users (VAMOS is used in the systems) for AFS5.9 for MUROS3-A and AHS5.9 for MUROS-2 respectively.
Table 3. Threshold sets
.

	Threshold set
	CO threshold
	ADJ threhold

	1
	15
	5

	2
	20
	10

	3
	30
	15

	4
	40
	20


Table 2. Single interferer probability of different VAMOS networks. (Scenarios taken from [2]).
	Threshold set
	MUROS-2
	MUROS3-A

	1
	0.38%
	0.36 %

	2
	0.003 %
	0.02 %

	3
	7e-5
	2.6e-5 %

	4
	0
	0 %


3. The signal levels to be specified for the interferer test cases shall assert that the interferer tests are not limited by the sensitivity of the receiver. It is the view of the sourcing companies that the currently used levels of -93 dBm and -75 dBm for co-channel and adjacent channel interference respectively (i.e. each VAMOS subchannel at -96 dBm and -78 dBm respectively) can be re-used for VAMOS if the profiles in Table 1 is adopted. This gives the following advantages:
a.    No investigations on new signal levels are needed (which would be the case for the currently proposed interferer scenarios).

b. The potential problem with too high signal levels for the second adjacent interferer is avoided.
4. The proposed interferer profiles allow for carrier and interferer of the same type, i.e. the interference is also VAMOS. This is generally the working procedure of GERAN to introduce test cases with the same modulation of the interferer and carrier. With the currently proposed interferer profiles the VAMOS UL receiver will only be tested with non-VAMOS interference.
5. The interferer test cases will be aligned between UL and DL. Since only VAMOS interference (AQPSK interference with SCPPIR=0dB) is used for the DL, using the same definitions on the UL will make the test cases symmetric. Since speech allocations are symmetric for UL and DL this is also seen advantageous.
6. Introducing a interferer scenario such as MTS-2 will increase the number of fading generators needed to perform the test compared to the proposal in Table 1, without any added value.
7. If there is a concern that the proposed test cases in Table 1 does not cover the single interferer case it can be pointed out that the proposed single VAMOS interferer cases are fading and thus momentarily the receiver will be tested in scenarios with one dominant GMSK interferer.
3 Conclusions
The document proposes interferer profiles for VAMOS UL testing as listed in Table 1 and provides both simulation results and justifications for the choice of test scenarios.
It is proposed to take the test scenarios in Table 1 as working assumption for futher VAMOS UL work.
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5 Annex

5.1 Methodology on identifying single CO interferer profiles
Network level simulations have been run to identify the probability of having a single co-channel interferer profile as interferer in the network. Most often there will be a multiple of interferers in the system for each carrier. However, depending on the relative level to the dominant interferer, the interfererens can be regarded as a single interferer.
What has been investigated from traces in the system simulator is how often the interferer levels to the dominant co-channel interferer exceeds a certain threshold. This will reflect how often a receiver in the investigated network will experience interference  similar to a single interferer.

The thresholds, in Table 3, have been derived from link level simulations by varying the relative power between the interferers, here denoted as SCPIR_IF. As a reference SCPIR_IF = 200dB was used, hence a single Co interferer. SCPIR_IF was then decreased in steps until a degradation in performance could be seen. In this way, a threshold when a mutli-interferer scenario can be modeled with a single-interferer could be determined.

Table 4. Simulation parameters

	Parameter
	Value

	Receiver type
	VAMOS SIC / VAMOS JD / IRC

	Propagation Channel
	Tu50 no Frequency Hopping

	Codec
	AFS 5.90

	SCPIR
	0 dB/n.a

	Tx/Rx Impairment
	None

	Rx Bandwidth
	240kHz RRC

	#frames
	10000

	TSC
	TSC5 from Set 1 and 2


5.1.1 UL VAMOS Carrier with Multiple Co-Channel interferers
A VUTS-1 scenario with varying SCPIR-IF (I1/I2) has been studied. The performance in a single Co-channel interferer is used as reference, denoted with SCPIR-IF=200 in Figure 1.
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Figure 1: VAMOS-SIC receiver in a VUTS-1 scenario with varying SCPIR-IF.

 When SCPIR-IF is below 15dB, the degradation to the reference is ~0.8dB. Hence, a multiple co-channel scenario where the next strongest interferer is 15dB weaker than the dominant interferer, can be modeled sufficiently good with a single interferer.
When a JD-type of receiver is used, the degradation to the reference occure when SCPIR-IF is 20dB, as can be seen in Figure 2.
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Figure 2: VAMOS JD receiver in a VUTS-1 scenario with varying SCPIR-IF.
5.1.2 UL VAMOS Carrier with Co- + Adj-channel interference
Here the two VAMOS carriers are interfered by one dominant co-channel and a weaker adj-channel. The SCPIR-IF is defined as Ic/Iadj before the receiver filter.
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Figure 3: VAMOS-SIC receiver in Co- + Adj-channel interference.
When the Adj-channel interferer is 5dB below the dominant Co-channel, the following scenario can be modeled with a single Co-channel interferer. As can be seen in Figure 4, the same level (5 dB) also applies for a JD type receiver.  
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Figure 4: VAMOS-JD receiver in Co+Adj-channel interference.

5.1.3 Non-VAMOS Carrier in a dual Co-Channel interferer scenario

Here a non-VAMOS scenario is studied. The relative power of the two Co-channels has been varied. This scenario claims to picture the situation in a VAMOS scenario where a JD-type of receiver is utilized. This is now verified in 5.1.1. But it is reasonable to assume that a JD receiver can model two carriers and then perform conventional IRC suppression on the interferers. This would result in rougly the same performance as presented below.
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Figure 5: Single carrier IRC receiver with dual Co-channel interferers.
From Figure 3, it can be seen that the dominant interferer needs to be 30dB above the second strongest interferer in order to be regarded as a single interferer scenario.

5.1.4 Non-VAMOS Carrier with Co- + Adj-Channel interference

Here a non-VAMOS scenario is studied. The relative power of the two interferers has been varied. This scenario claims to picture the situation in a VAMOS scenario where a JD-type of receiver is utilized (Verified in 5.1.2).
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Figure 6: Single carrier IRC receiver with Co-channel and Adj-channel interference.
From Figure 4, it can be observed that the simulated scenario can be modeled with a single co-channel interferer sufficiently well if the adjacent interferer is 15dB below the dominant interference.
5.2 SIC and JD receiver performance
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Figure 7. Simulated performance of JD and SIC receiver in MTS-1, presented by Huawei [3] (left) and Ericsson [4](right).
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Figure 8. Simulated performance of JD and SIC receiver in MTS-2, presented by Huawei [3] (left) and Ericsson [4] (right).
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Figure 9. Simulated performance of JD and SIC receiver in the proposed VAMOS UL interferer scenario.

In Figure 5-Figure 7 the performance of a VAMOS JD and SIC receiver can be displayed, and is summarized in Table 5 below. The performance is compared in the MTS-1 and MTS-2 scenarios and for the proposed UL VAMOS interferer (2xGMSK) scenario, respectively.
The left hand plots are reproduced from [3].

The performance gap between the JD and the SIC receiver is summarized in the table below.
Table 5. Performance difference between a JD and a SIC receiver.

	
	MTS-1 (1xGMSK)
	MTS-2
	MTS-1 (2xGMSK)

	SCPIR
	-10 dB
	0 dB
	-10 dB
	0 dB
	-10 dB
	0 dB

	Huawei [3]
	6.0 dB
	4.3 dB
	1.4 dB
	1.4 dB
	-
	-

	Ericsson
	5.1 dB
	7.9 dB
	1.4 dB
	2.6 dB
	1.5 dB
	2.0 dB


Table 5 clearly indicates that the MTS-1 scenario will result in a large spread of performance. The spread can be directly related to the ability of a JD receiver to suppress a single GMSK interferer, in the contrast to a SIC receiver who also must suppress the second subchannel. Further, it can be seen that the performance gap in the proposed UL scenario, ‘MTS-1 (2xGMSK)’, is in the order of 1.5 – 2 dB.


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































� To cover different type of receiver architectures 4 different threshold sets have been investigated.
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