3GPP TSG GERAN #22
TDoc GP-042787 DARP DISCUSSION.DOC
Cape Town, Soutn Africa
Agenda Item 7.1.5.12
8-12 November 2004

Source:  Intel Corporation
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1. Introduction

Preliminary discussions in adhoc teleconference meetings have shown that the single Co-channel test cases are where companies’ results are most varied, and therefore reaching consensus on the values becomes a difficult excercise. 

However, the case of a single interferer with DIR value of 30dB has been shown ‎[1] to be so rare in realistic network scenarios that it may not be constructive to optimize for this case. Indeed, at GERAN #20 this has been the common working assumption and this case has been added as an indication for DARP/SAIC capability that could readily be verified with commonly available test equipment. 

This document demonstrates that conditions of this test case make it sensitive to effects unrelated to the DARP receiver algorithms.

2. Capability Indication
To serve as an indication of DARP capability in the single co-channel interferer case, the receiver should be required to achieve a larger gain than the 2-3 dB variation that may be expected in high-volume manufacturing. In this respect, even the worst results for this test case, as exemplified in the Co-channel column of Table 10, already provide ample DARP gain to be indicative of this capability with a high level of confidence.
	Conventional - Synchronous
	DARP Gain

	TCH/AFS
	Co-channel
	GERAN configuration, without TSC
	GERAN configuration, with TSC
	Co-channel
	GERAN configuration, without TSC
	GERAN configuration, with TSC

	GSM850 & GSM900

	TCH/AFS 12.2 (FER)
	11.9
	12.5
	13.2
	6.9
	2.5
	3.7

	TCH/AFS 10.2 (FER)
	10.6
	11.2
	12.0
	7.1
	2.7
	3.5

	TCH/AFS 7.95 (FER)
	8.4
	9.0
	10.0
	7.9
	2.5
	4.0

	TCH/AFS 7.4 (FER)
	8.5
	9.1
	10.0
	8.0
	2.6
	3.5

	TCH/AFS 6.7 (FER)
	7.5
	8.1
	9.1
	8.0
	3.1
	3.6

	TCH/AFS 5.9 (FER)
	6.9
	7.6
	8.7
	7.9
	3.1
	3.7

	TCH/AFS 5.15 (FER)
	6.5
	7.2
	8.3
	8.0
	3.2
	3.8

	TCH/AFS 4.75 (FER)
	5.9
	6.6
	7.7
	7.4
	3.1
	3.7


Table 1: Typical DARP Gain for TCH/AFS @ GSM900 Synchronous

3. Sensitivity Analysis
In addition to the high constant DIR value there are other factors which make this test case optimal for SAIC-type algorithms, thus making it an artificial scenario:

1. There is no phase or amplitude change occurring at a random delay in the signal that models the interferer in the asynchronous case.

2. The constant presence of a strong single co-channel interferer is not expected in a frequency hopping system.

3. There is no TSC in the interferer signal even though the network is assumed to be synchronized.

Such factors combined with high C/I in the high code rates used in some logical channels make Co-channel DARP gains extremely vulnerable, and performance tends to be dominated by the impairment models adopted by the different companies.

In order to estimate the sensitivity of DARP to the test scenario, Intel has tried to modify the artificial assumptions and make them slightly more realistic. This was done while maintaining the assumption of a single dominant interferer (very low network loading). 
The scenarios tested are defined in Table 2:

	Test Scenario
	Description
	Interfering Signals
	Interferer Relative Power Level
	Interferer Synchronization
	TSC
	Interferer Delay Range

	DTS-1
	Single co-channel – synchronous, but without TSC
	Co-channel 1
	0 dB
	Synchronous
	none
	no delay

	DTS-1U
	Extremenly unloaded scenario.

DTS-1 like scenario, but adding very low power additional interferers (10dB lower than in DTS-2)
	Co-channel 1

Co-channel 2

Adjacent 1

AWGN
	0 dB

-20 dB

-7 dB

-27 dB
	Synchronous
	none

none

none

-
	no delay

no delay

no delay

-

	DTS-1-ASYNC
	Single co-channel, asynchronous with DTX probability=0.4
	Co-channel 1
	0 dB
	Asynchronous
	none
	Random per slot

	DTS-1U-ASYNC
	Same as DTS-1U, but simulate async scenario, with DTX probability 0.4
	Co-channel 1

Co-channel 2

Adjacent 1

AWGN
	0 dB

-20 dB

-7 dB

-27 dB
	Asynchronous
	none

none

none

-
	rand

rand

rand



	DTS-2
	Mixed interference, synchronous but without TSC
	Co-channel 1

Co-channel 2

Adjacent 1

AWGN
	0 dB

-10 dB

3 dB

-17 dB
	Synchronous
	none

none

none

-
	no delay

no delay

no delay

-


Table 2: Modified 'DTS-1' Scenarios
In the asynchronous scenarios when there is adjacent slot, the power has been selected randomly in accordance with the SAIC Feasibility Study‎ [1].

In addition we have simulated two types of receivers. Both receivers have similar computational complexity. Both receivers have similar performance in DTS-2 (GERAN configuration).

RX-G is optimized for more severe radio impairments, a design which makes it robust. 
RX-C is very sensitive to impairments; however it has better performance than RX-G in DTS-1 (co-channel scenario).

The performance of the two receivers in MCS2 is shown in Table 3. 
	Test Scenario
	RX-G 

C/I @ FER=0.1
	RX-C

C/I @ FER=0.1
	RX-C gain vs. RX-G
	Notes

	DTS-1
	5.9
	1.4
	4.5
	Sync without TSC, Single CO-Channel

	DTS-1U
	6.8
	5.1
	1.7
	Sync without TSC, Extremely unloaded

	DTS-1-ASYNC
	6.4
	4.7
	1.7
	Single CO-channel, reaslistic async simulation

	DTS-1U-ASYNC
	7.0
	6.1
	0.9
	This is  still extremely unloaded scenario, with realistic async simulation

	DTS-2
	9.0
	8.9
	-0.1
	Sync without TSC, mixed interference


Table 3: DARP Performance Results
Note that both receivers have similar performance in GERAN configuration (DTS-2).

The performance results show that the difference between the two receivers in the (DTS-1) single Co-channel case is 4.5dB(!), which is larger than the agreed acceptable spread. 
Furthermore, changing the 30dB constant DIR scenario with a slightly more realistic (DTS-1U) one of very low interferer constellation, still 10dB lower than used in the GERAN scenario already causes RX-C to take a performance hit of 3.7dB while the more robust RX-G only takes a 0.9dB hit. The difference of 4.5 dB thus diminishes to 1.7dB.
Similarly, changing the dominant interferer, this doesn’t contain a TSC, to a slightly more realistic asynchronous burst with random delay, while still maintaining the 30 dB DIR value (DTS-1-ASYNC) leads to a degradation of RX-C by 3.3 dB, and by only 0.5dB for RX-G. The difference of 4.5dB thus reduces again to 1.7 dB.
However, when the two above modifications to the single Co-channel case are combined (DTS-1U-ASYNC) the difference between receivers reduces to a mere 0.9dB. Again, the weak additional interferers that were added arguably better represent the case of a strong dominant Co-channel. 
Although not shown, the performance of the seemingly better RX-C actually becomes worse than that of RX-G when more severe impairments are used. 

In case the performance requirements for the single Co-channel case are further tightened it may be expected that the robustness of receivers would be sacrificed in order to statisfy a test scenario that is very rare in networks, and in terms of performance constitutes a ‘point of singularity’.
4. Conclusions
It has been demonstated that the DARP receiver performance in dominant Co-channel interferer scenarios is very sensitive to the interferer assumptions, and further that the single Co-channel case defined in TS 45.005 represents a ‘point of singularity’. 
It has also been demonstrated that the impairments assumed in the design of the receiver have a significant effect on the DARP performance in the single Co-channel case, and cause variations on the order of the spread that is seen in performance values proposed by different companies.

In summary, since this case is rare in realistic networks, and artificial to a large extent, it seems not to warrant the focus to tighten its requirements, which is the main cause of delay in finalizing the DARP WI for Rel 6.
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