3GPP TSG-RAN WG4 Meeting #74 
R4-150238
Athens, Greece, Feb 9-13, 2015
Agenda item:
6.7.1
Source: 
ZTE
Title: 
Discussion on NAICS Demodulation Tests
Document for:
Discussion
1. Introduction
In RAN4 72bis/73 meetings, there have been many discussions on NAICS demodulation requirements. Some agreements have been reached, while some are still waiting for further discussions. In the chairman note of RAN 73 [1], the summary is made: 

· RAN4 should conclude which option is beneficial as the capability for NAICS;

· NAICS UE should support all combinations of carriers for the network flexibility.

· NAICS capability signaling should be some function of the aggregated bandwidth, for example:

· Indication of NAICS capability in a band and band combination –specific manner, similar to CSI processes

· Indication of the number of carriers on which the UE is NAICS-capable in a band combination.

· Performance requirements for 4 CRS antenna ports should not be introduced in Release 12.

· Interferer parameters granularity used for parameters blind detection

· Interferer parameters are assumed to have granularity of at least 1 PRB pair in time.

· RAN4 found benefit in complexity and performance if a larger interferer parameters granularity in frequency (resource allocation and precoding granularity) can be signalled to UE without any impact on scheduling in the network.

Currently, there are still some issues to be discussed and agreed for NAICS demodulation requirements. In this contribution, we will discuss the demodulation test designs based on previous proposals presented in 72bis/73 meetings, as well as show our considerations and preferences on NAICS demodulation requirements.
2. Discussion on NAICS Test Design
In previous meetings, mainly two test purposes for NAICS demodulation requirements are agreed, including:

· Verification of NAICS receivers’ implementation in terms of achievable performance gains

· Verification of NAICS receivers’ implementation in terms of robustness 
In aspect of gain test, the test scenarios reflecting NAICS performance gain should be defined via the performance comparison between NAICS receiver and MMSE-IRC receiver. In such the scenarios, interference cell could configure fixed simulation parameters in order to avoid unnecessary complexity. In aspect of robustness test, UE demodulation should be investigated under the scenarios with changing interfere or little NAICS gain. Randomized interference model is applied to verify the robustness of NAICS UE under changing interference condition.
· Performance metric
Some discussions on performance metrics have been made in previous meeting, where both traditional absolute throughput and relative throughput gain have been pointed out. The traditional absolute throughput, such as SNR point at 70% maximum throughput, is helpful to know how well the NAICS receiver works. The relative performance gain, i.e. performance of NAICS receiver over MMSE-IRC receiver, indicates how much profit could be introduced by using NAICS. Although the relative performance gain is helpful to know the actual gains achieved compared to the legacy receiver, the traditional absolute throughput is preferred as performance metric here based on the requirements of RAN4, where the impacts of legacy receiver will not be considered. The performance gain of NAICS receiver can be reflected in the definition of test scenarios.
Proposal1: The traditional absolute throughput can be used as performance metric.
· Reference receiver structure
The NAICS demodulation algorithms can be classified into two types, i.e. the interference suppression for PDSCH channel and the interference suppression for reference signal CRS. The first type includes two possible receivers, R-ML and SLIC; while the second type mainly involves CRS-IC with 2 CRS ports.  In NAICS demodulation requirements, these two interference suppression methodologies should both be considered. It is not necessary to consider 4 CRS ports in this phase.
Proposal2: The reference receiver structure should include the R-ML/SLIC for PDSCH receiver and 2 Tx CRS-IC.
· NAICS fallback operation

In previous RAN4 meetings, various scenarios have been proposed to validate the performance of NAICS. It has been found that the performance gain over MMSE-IRC is not so significant under some scenarios, such as non-colliding CRS, high MCS level, or low INR. In addition, when the signaling from eNB high layers is not correctly received, UE will have difficulty to detect interferences, and therefore, the performance of NAICS will deteriorate. In these cases, NAICS UE has to perform fallback operation to MMSE-IRC receiver in order to the robustness and low complexity. Therefore, when the performance gain is below a threshold, fallback operation should be made. 
In last meeting, it has been proposed that NAICS UE fallback to MMSE-IRC receiver as long as the practical performance gain of NAICS receiver over MMSE-IRC receiver is below x dB. This methodology is reasonable in principle, but it is difficult to achieve in operation. In practical network, UE is working under changing transmission conditions. Many factors impact the size of NAICS gain, e.g. mutative interference configuration, position movement. Then, in some cases, it is possible that UE has to frequently compare the performance of the two receivers in time domain. Such this complexity is not expected. Hence, the criteria of fallback needs to be further studied. 
Proposal3: Fallback operation could be considered for NAICS robustness. The criteria of fallback needs to be further studied.
· Randomized interference model

In NAICS demodulation requirements, the randomized interference model should be considered for robustness test. On the other hand, interference randomization will also increase the test complexity.
In the frequency domain, the rank number, PMI and MCS can be updated based on 6 PRB-pairs i.e. a sub-band. In the time domain, the change of interference could be random or periodical, where the rank number, PMI and MCS can also be changed in time domain. In order to facilitate the tests, we propose to use the periodical randomization model. 

Regarding the transmission mode, both mixed TM scenario and fixed TM scenario have been proposed in previous meetings. In the mixed TM scenario, the TM of interference cell will be changed randomly within a TM subset; while the TM of interference cell will not be changed in the fixed TM scenario. Due to the high complexity of mixed TM, we prefer fixed TM for interference model.
Moreover, CSI-RS based TM is an important transmission mode. In practical networks, NAICS UE will suffer the CSI-RS interference from aggressor cells withTM9 or TM10. Therefore, CSI-RS interference should be considered in test coverage, where how to deal with the CSI-RS interference can be neglected.
Proposal4: For randomized Interference model, in frequency domain, the rank number, PMI and MCS can be updated based on sub-band; in time domain, periodical randomization can be applied and fixed TM scenario is suggested to facilitate the tests. Moreover, CSI-RS interference should also be covered in test cases.
· Time and frequency offset

The NAICS receiver is mainly used to suppress the inter-cell interference. In such scenario, the time and frequency offset for the interference cell is unavoidable in practical networks. There are mainly two reasons leading to time offset, 1) the time offset between different eNBs’ synchronization and 2) the different transmission distances between one UE and different eNBs. As for the frequency offset, the frequency difference due to frequency synchronization is the key reason. 

We suggest considering the time and frequency offset in performance evaluation. And consequently, the compensation for time/frequency offset should also be considered. This is because interference suppression will be seriously impacted when the time and frequency offset is obvious. The time/frequency offset models and compensation methods have been detailed studied in CoMP and FeICIC. The general methodology is the same, where specific configuration values may be different. Therefore, existing time/frequency offset models and compensation methods can be applied in NAICS demodulation requirements.
Proposal5: The time and frequency offset of interference cell should be studied in NAICS demodulation requirement, where both time and frequency offset model and compensation method should be included. The existing methodologies used in CoMP and FeICIC can be referred.
· PDCCH impact

In previous two meetings, it was proposed that introducing the impact of PDCCH into the tests. However, we do not think it is necessary. The consideration is as follows. The PDCCH should be decoded correctly before decoding other traffic channels. If the PDCCH is not decoded, then almost all other channels cannot be decoded no matter using or not using NAICS. In addition, in the test scope of RAN4, the demodulation requirement of PDSCH is to verify the demodulation performance of data channel, which is independent of the demodulation performance of control channel. Therefore, in current phase, it is reasonable to assume perfect PDCCH decoding in order to focus on the performance of NAICS. The interference suppression for PDCCH could be studied in the future.
Proposal6: PDCCH impact could not be introduced into the NAICS demodulation test.
3. Conclusion
In this contribution, we provide some considerations on NAICS demodulation requirements. Based on these considerations, the following proposals are presented:
Proposal1: The traditional absolute throughput can be used as performance metric.
Proposal2: The reference receiver structure should include the R-ML/SLIC for PDSCH receiver and 2 Tx CRS-IC.
Proposal3: Fallback operation could be considered for NAICS robustness. The criteria of fallback needs to be further studied.
Proposal4: For randomized Interference model, in frequency domain, the rank number, PMI and MCS can be updated based on sub-band; in time domain, periodical randomization can be applied and fixed TM scenario is suggested to facilitate the tests. Moreover, CSI-RS interference should also be covered in test cases.
Proposal5: The time and frequency offset of interference cell should be studied in NAICS demodulation requirement, where both time and frequency offset model and compensation method should be included. The existing methodologies used in CoMP and FeICIC can be referred.
Proposal6: PDCCH impact could not be introduced into the NAICS demodulation test.
Reference

[1] R4-147906, RAN4 Meeting minutes for NAICS ad hoc, 3GPP TSG-RAN WG4 #73.
1
3

