3GPP TSG-RAN WG4 #63
R4-122444
May 21st – May 25th, 2012, Prague, Czech Republic
Agenda item:
5.2.2
Source: 
Qualcomm Incorporated
Title: 
On modeling interference in ABS and non-ABS subframes
Document for:
Discussion
1. Introduction
In RAN4 #62bis extensive discussion took place which additional channels and signals should be transmitted in ABS and non-ABS subframes of the interfering cell, however, no final conclusion could be reached [1]. In the current specification of the demod and CQI reporting test cases clear definitions of channels and signals to be transmitted and how to model interference in non-ABS subframes are still missing in TS 36.101. These issues need to be resolved to allow proper execution of the test cases.
In this contribution we share our view on these missing aspects and provide text proposals to be added in the definition of the demod and CQI reporting test cases for eICIC.
2. Discussion
One of the main open issues in the definition of the demodulation and CQI reporting test cases for eICIC is what additional signals and channels should be transmitted in ABS and non-ABS subframes of the interfering cell and how the interference should be modelled. 

According to [2], necessary control channels and physical signals as well as system information are transmitted by the aggressor cell in a real deployment in order to ensure backward compatibility if those channels and signals collide with an ABS subframe. The signals and channels meant here are CRS, PSS/SSS, PBCH and SIB-1. One open question in the finalization of the eICIC performance requirements is whether all these signals and channels should also be transmitted in the RAN4 test cases or whether transmission of those channels is not needed. The second open question is how interference in non-ABS subframes should be modelled. This is in particular important for the CQI tests since CQI is also tested in non-ABS subframes.
In RAN4 #62bis extensive discussions took place regarding these two questions, however, no final conclusion could be reached [1]. In the ad-hoc eICIC session it was agreed that SIB-1 is not transmitted both in ABS and non-ABS subframes by the interfering cells. According to the chairman’s notes [3], the agreed way forward is that also PSS/SSS and PBCH should not be transmitted by the interfering cell, but this way forward could be reverted based on further analysis and TE vendor input. 

In order to get an answer from TE vendor side, an email discussion was conducted with the conclusion that PBCH and PSS/SSS could be turned off both in ABS and non-ABS subframes in the interfering cell [4].
One aspect of the discussion in RAN4 #62bis was whether transmission of PBCH and PSS/SSS would have impact on the performance. Transmission of PBCH in the interfering cell would collide with some CRS in the serving cell in case of non-colliding CRS and, thus, would have impact on channel estimation in the six middle PRBs. This would impact both performance of demod and CQI reporting. For demod the impact would be different for PDSCH and PDCCH/PHICH because of the different transmission bandwidths of the channels and depending on the REG allocation. For the CQI test reduced CQI would be observed in ABS subframes when PBCH is transmitted in the interfering cell. This would impact the CQI spread/mean. It is expected that the impact is relatively small since PBCH is transmitted only in each 10th subframe. However, in case that PBCH is included in the test setup the impacts require further investigation since PBCH has not been included in the simulation setups of most of the companies as the discussions in RAN4 #62bis have shown. 
However, we believe it is not the purpose of the RAN4 eICIC tests to verify the impacts of PBCH. In case of CQI the main purpose is to verify that no improper averaging across subframes is done. In case of demod the main purpose is to verify impact of CRS interference since this signal is present in all ABS and has by far the strongest impact on performance among all signals/channels that may be transmitted in ABS subframes. In order to fulfil these main purposes, PBCH/PSS/SSS transmission is not needed. On the contrary, including these channels would make the definition of the test case and the comparison of the results even more difficult since performance impact then depends on averaging in frequency domain, REG allocation, etc.
Therefore, we propose not to transmit any additional channels and signals except CRS in the interfering cell both in ABS and non-ABS subframes.
Proposal 1: No additional signals except CRS shall be transmitted in the interfering cell both in ABS and non-ABS subframes.
In order to define the tests without ambiguity, it is important to add corresponding notes to the demodulation and CQI reporting test cases. In RAN4 #62bis a CR has been agreed to add the following note to all demodulation test cases [5]: SIB-1 will not be transmitted in Cell2 in this test. For the CQI test case no such note has been added yet in the CR that was agreed in RAN4 #62bis [6].
This note requires further extensions. Also it should be clarified in a note how the interference in the second cell is modeled. Both in the demod as well as in the CQI reporting test cases non-ABS subframes are applied. Two options have been discussed in [1] to model the interference in non-CRS REs, i.e. either transmitting independent OCNG with random symbols on each antenna or applying transmission mode TM2.

For the CQI test it is important to ensure that the rank of the interference is two in order to minimize potential interference suppression gains by advanced receivers. From that point of view both options are applicable. Since it seems easier to apply OCNG then doing SFBC encoding for the interfering signal, we propose to model the interference by OCNG with random symbols on each antenna. 

Proposal 2: Independent OCNG with random symbols on each antenna should be applied in the interfering cell to fill up non-CRS REs in non-ABS subframes.

In particular, for the CQI test it is also important to specify which modulation shall be used for the OCNG. For an advanced receiver it might be easier to suppress/cancel interference of a signal modulated with QPSK compared to the case when higher order modulation is used. Then, the reported CQI in non-ABS subframes may become larger and the difference in reported CQIs in ABS and non-ABS subframes may become smaller. This would then mean that an advanced receiver gets penalized in the CQI test. Therefore we propose to use 64QAM modulation for the OCNG in the interfering cell in non-ABS subframes.
Proposal 3: 64QAM modulation should be used for the OCNG in the interfering cell in non-ABS subframes.
Following proposal 1 and proposal 2, we suggest to add the following note to all demodulation and CSI reporting test cases:

Proposal 4: The following note should be added to all demodulation and CSI reporting test cases: No additional signals and channels except CRS shall be transmitted in Cell 2 in ABS and non-ABS subframes. In non-ABS subframes OCNG is used in Cell 2 to fill all REs not occupied by CRS.
This text proposal is included in two companion CRs [7], [8].
3. Conclusion 
Based on the discussion provided in this contribution we make the following proposals:
Proposal 1: No additional signals except CRS shall be transmitted in the interfering cell both in ABS and non-ABS subframes.

Proposal 2: Independent OCNG with random symbols on each antenna should be applied in the interfering cell to fill up non-CRS REs in non-ABS subframes.

Proposal 3: 64QAM modulation should be used for the OCNG in the interfering cell in non-ABS subframes.
Proposal 4: The following note should be added to all demodulation and CSI reporting test cases: No additional signals and channels except CRS shall be transmitted in Cell 2 in ABS and non-ABS subframes. In non-ABS subframes OCNG is used in Cell 2 to fill all REs not occupied by CRS.
This text proposal is included in two companion CRs [7], [8]. We suggest that RAN4 follows these proposals and that these clarifying notes are added in the definition of the demod and CQI reporting test cases for eICIC. 
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