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1
Introduction
In the last meeting the discussion on advanced receiver started. A way forward document was agreed in [1]. The way forward document covers the following aspects:

· Time line: It was agreed that



RAN4 #61:

· Provide the evaluation results for interference modeling and agree the interference modeling (DIP)/ profile from system level simulations

· Agree the detail of link level / system level simulation assumption

· E.g. Transmission mode for serving cell and interference cells

· E.g. Ratio of transmission rank-1 over total transmission signals for interference signals

· E.g. Only fixed MCS or both fixed MCS and Outer-loop link adaptation (target:10% BLER)
· Baseline receiver architecture: MMSE-IRC with several covariance estimation techniques.

· Simulation assumption for interference modeling: It was agreed to define the interference level by means of DIPs. Moreover it was agreed to provide DIP values based on certain assumptions defined in [1].

· Synchronization of the network: Synchronized case is the priority

· Traffic case: Full traffic model is agreed. Non full traffic/Non full buffer may be considered.
· Initial simulation assumptions for link level results: the following table summarizes the agreement of previous meeting:
Table 1. Initial link level assumptions
	Parameter
	Scenario 1

(CRS based)
	Scenario 2

(DM-RS based)

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Transmission mode on Serving cell
	FFS
	FFS

	Transmission mode on interference cell
	FFS
	FFS

	Number of transmission ranks for interference signals
% of rank-1 and % of rank-2
	Randomly changing from subframe to subframe
Frequency granularity is FFS

	MIMO configuration
	FFS
	FFS

	Channel model and Doppler frequency, 
	EVA, 3km/h, 
Use different channel seed for between cells

	CRS configuration
	2 CRS 

	CSI-RS configuration
	None
	FFS

	PCFICH
	CFI = 2

	H-ARQ
	8 HARQ processes and max 4 transmissions

	UE feedback configuration
	FFS
	FFS

	Target MCS
	Fixed MCS

	PCFICH/PDCCH detection
	Not considered

	Resource allocation
	FFS

	Cyclic prefix
	Normal

	Simulation length
	10000 sub-frames at minimum


In Section 2 this paper provides our view on the open issues which needs to be agreed upon during meeting 61 for link level simulations. Section 3 discusses the model which needs to be used in order to estimate the covariance estimation process in the system level simulator in order to provide system level gains in meeting RAN 4 62.
2
Link level parameters
2.1
Transmission Modes

After the discussion in meeting RAN 4 60bis it seems that there are a number of companies willing to include TM 9 in the initial simulation assumptions.
One of the methods considered to estimate the covariance matrix in te MMSE-IRC receiver is based on DM-RSs. If the selected transmission mode is such that these types of RSs are not used then the DM-RS based covariance matrix estimation won’t be possible. Hence TM9 is one possibility which makes sure that DM-RS based coavariance matrix estimation is possible.
However it should be noted that a scenario based on TM9 for both the serving cell and all the interfering cell is highly improbable. However, the use of TM9 in both the serving and the interference cell may facilitate the implementation. 
Due to the very stringent time line it is important to make sure that a limited amount of cases are considered in this early phases and that corner cases can be studied during the work item phase.

Moreover we think it is important to select the cases which correspond to a typical network scenario.

In order to fulfil all the conditions cosindered above we propose the following:

Proposal 1: 

Consider 2 scenarios:

First scenario: 

Serving cell: TM6

Interfering cell: TM4 (or alternatively TM 3 if operators thinks that this is a more representative scenario)

Second scenario: 

Serving cell: TM9

Interfering cell: TM9
Note that some operators proposed to consider TM2 in the interfering cell. TM2 corresponds to Alamouti scheme. Because of this scheme the covariance matrix of the interference will have special characteristics which we think are not necessarily representative of a typical/average scenario.  

2.2
Open Loop or Closed Loop

In meeting RAN 60bis it was discussed whether to consider open loop or closed loop type of suimulations. A number of companies (including ST-Ericsson/Ericsson) think that open loop simulations should be employed in order to show the benefits of advanced receiver. Moreover, it should be noted that all the demodulation requirements are defined in an open loop manner (without link adaptation). In principle closed loop type of performance could show the overall gains which couple the benefits of link adaptation (CQI, PMI, RI, AMC) with the increased throughput performance due to advanced receiver. 
However, the advantage of the advanced receiver won’t be distinguishable from an optimized link adaptation. Hence open loop type of approach will better isolate the data rate improvements due to advanced receiver.

Moreover, closed loop performance will produce a wider spread of simulation results which is not beneficial due to stringent time line. 
Hence, we propose the following: 

Proposal 2:

Use open loop simulations for both the scenario 1 and 2

2.3
Serving and interfering cell rank and precoding allocation and MCS 
In both the serving cell and the interfering cell the rank and the precoding variation needs to be considered in order to properly simulate the scenario.

For the wanted cell, independently from the transmission mode which is chosen it is proposed to consider fixed rank-1 transmission. This is a reasonable assumption because the targeted scenario for this study item is the macro-macro cell edge where it is more likely that rank 1 transmission takes place.

For the interfering cell instead the signal can be targeting any UE in the neighbour cell. Hence, it is reasonable to consider any possible rank in the neighbouring cell. It is well known that the MMSE-IRC has better performance when rank 1 transmission in the interfering cell is considered. This is due to the fact that when rank-2 transmission is considered, The UE under test sees this interference as two interfering signals. Hence, in the case when each interfering signal is of rank-2 the amount of interference the UE tries to handle is doubled and the efficiency of the MMSE-IRC receiver reduces and its performance tends to the performance of a classical MMSE receiver (all the interference is ~ AWGN, which is the case when a large number of interfering signals are summed up). 

Hence we propose to consider a random rank- allocation in the interfering cells, possibly 80% rank-1 transmission and 20% rank-2 transmission, allocated in a independent way to all the interfering cells (these values can be motivated through system level simulations).
Hence, we propose the following:
Proposal 3: 

For the wanted cell consider a fixed rank-1 transmission for both scenario 1 and 2. The same rank should be used over the entire bandwidth.
Proposal 4:

For the interfering cell consider a random rank- allocation in the interfering cells, possibly 80% rank-1 transmission and 20% rank-2 transmission, allocated in an independent way to all the interfering cells. 
Note that the proposed values are validated through system level simulations.

The precoding matrix can be chosen randomly over the sub-band (6RBs for 10MHz for example) for both the serving cell and the interfering cell. 

The reporting mode should be set as PUSCH 1-2 for the sake of alignment with the granularity of the precoding matrix provided above. However, with the assumption above the feedback loop (PMI, CQI, RI) won’t be used for optimizing the downlink transmisssion.
Hence we propose the following

Proposal 5: The precoding matrix can be chosen randomly over the sub-band (6RBs for 10MHz for example) for both the serving cell and the interfering cell.

Proposal 6: Consider PUSCH 1-2 as feedback mode even if it won’t be used for optimization of the downlink signal.

As mentioned before FRC type of performance should be used in order to assess the benefits of the advanced receiver. Since the aim is to focus on the cell edge capacity improvements we propose to consider QPSK type of modulation for the study item phase. Higher order modulation can be considered during the work item phase if it is considered as a typical cell edge scenario. Hence we propose the following:

Proposal 7: Consider QPSK modulation for the serving cell. Consider a fixed 16QAM for the interfering cell (simpler approach) or alternatively a random modulation which changes from subframe to subframe (more dynamic approach). 
2.2
MIMO Configuration

It is proposed to consider a 2x2 case for scenario 1 and 4x2 for the scenario 2.
Proposal 8: consider a 2x2 case for scenario 1 and 4x2 for the scenario 2. 

2.4
Resource allocations
The entire bandwidth could be used for the resource allocation for the wanted cell.
2.5
Number of interferers

In the past several system level performance have been provided in order to show the reasonable amount of strong interferers in the context of HSDPA in a macro-to-macro environment. It was shown that up to 3 dominant interferers were present. Finally it was agreed to consider 1 serving cell and 2 interferers with certain SNR characteristics w.r.t the wanted cell (according to the DIP scenarios). We should also keep in mind that under HSDPA the testing complexity is becoming the limiting factor for such kind of tests especially when multiple carriers are present. Hence, we think that the number of explicitly modelled interferers should be kept low in order to avoid the same complexity problems.

Moreover it should be noted that under the assumption of cell ID planning, a maximum of 2 interferers can be considered in order to avoid CRS collisions.

For the sake of the study item and in order to provide a proof of concept, i.e MMSE-IRC provide benefits at the cell-edge, it is preferable to limit the amount of interferer to 1 during this early phase, this could also limit the implementation effort.

During the work item phase more interferers can be modelled (maximum of 2 for the non colliding CRS case). 
Hence we propose the following:

Proposal 9: Consider cell ID planning in the early stage and considering colliding CRSs case during future analysis.

Proposal 10:  Consider 1 explicitly modelled interferer during the study item phase.

2.5
Proposed Table to summarize the proposals for the simulation assumptions
	Parameter
	Scenario 1

(CRS based)
	Scenario 2

(DM-RS based)

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Cell ID planning
	Yes in the early stage. Colling CRSs should be however kept in mind for future analysis.

	Transmission mode on Serving cell
	TM6
	TM9

	Transmission mode on interference cell
	TM4
	TM9

	Rank for wanted cell
	Fixed Rank 1 (for the entire bandwidth)

	Number of transmission ranks for interference signals
% of rank-1 and % of rank-2
	Randomly changing from subframe to subframe, 80% rank 1 transmission and 20% rank 2 transmission. 

	Precoding
	Sub-band precoding, changed randomly from sub-band to sub-band and from subframe to subframe for both the wanted cell and the interfering cell.

	MIMO configuration
	2x2
	4x2

	Channel model and Doppler frequency, 
	EVA, 3km/h, 
Use different channel seed between cells

	CRS configuration
	2 CRS 

	CSI-RS configuration
	None
	FFS

	PCFICH
	CFI = 2

	H-ARQ
	8 HARQ processes and max 4 transmissions

	UE feedback configuration
	PUSCH 1-2
	PUSCH 1-2

	Target MCS
	Fixed MCS, QPSK

	Interfering cell modulation
	Consider a fixed 16QAM for the interfering cell (simpler approach) or alternatively a random modulation which changes from subframe to subframe (more dynamic approach).

	PCFICH/PDCCH detection
	Not considered

	Resource allocation
	Entire bandwidth

	Cyclic prefix
	Normal

	Number of explicitly modeled interference (the rest is considered as AWGN)
	1

	Simulation length
	10000 sub-frames at minimum


3
System level simulations

In order to be able to run system level simulations by considering a realistic advanced receiver behaviour a methodology to model the errors due to the estimation of the interferers covariance matrix is needed. In meeting 60bis some companies considered the Wishard model [2-3] and reference therein. We agree that the WIshard model properly model the effect of the unidealities of the covariance matrix estimation. 
Hence, a proper model would be
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Where E ~ Wishard (μ, N)

Where μ represents a possible bias term and N represents the degree of freedoms. 
Parameters depend on the chosen covariance matrix estimation method (data, CRS or DM-RS based) and on the averaging period. According to the way forward document [1] the estimation method is left as UE implementation choice. Hence, it is proposed that companies provide in the next meeting system level simulation results based on the following:

· Ideal Rcov

· At least one of the following methods: CRS based, DM-RS based and Data based covariance matrix estimation error.
· For different possible averaging length (minimum 1 PRB).  
4
Conclusions

This document discusses the missing parameters in order to provide the link and system level results in the next meeting.

The proposals are as follows:

The following table could be used as way forward:
	Parameter
	Scenario 1

(CRS based)
	Scenario 2

(DM-RS based)

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Cell ID planning
	Yes in the early stage. Colling CRSs should be however kept in mind for future analysis.

	Transmission mode on Serving cell
	TM6
	TM9

	Transmission mode on interference cell
	TM4
	TM9

	Rank for wanted cell
	Fixed Rank 1 (for the entire bandwidth)

	Number of transmission ranks for interference signals
% of rank-1 and % of rank-2
	Randomly changing from subframe to subframe, 80% rank 1 transmission and 20% rank 2 transmission. 

	Precoding
	Sub-band precoding, changed randomly from sub-band to sub-band and from subframe to subframe for both the wanted cell and the interfering cell.

	MIMO configuration
	2x2
	4x2

	Channel model and Doppler frequency, 
	EVA, 3km/h, 
Use different channel seed between cells

	CRS configuration
	2 CRS 

	CSI-RS configuration
	None
	FFS

	PCFICH
	CFI = 2

	H-ARQ
	8 HARQ processes and max 4 transmissions

	UE feedback configuration
	PUSCH 1-2
	PUSCH 1-2

	Target MCS
	Fixed MCS, QPSK

	Interfering cell modulation
	Consider a fixed 16QAM for the interfering cell (simpler approach) or alternatively a random modulation which changes from subframe to subframe (more dynamic approach).

	PCFICH/PDCCH detection
	Not considered

	Resource allocation
	Entire bandwidth

	Cyclic prefix
	Normal

	Number of explicitly modeled interference (the rest is considered as AWGN)
	1

	Simulation length
	10000 sub-frames at minimum


For system level simulations consider the Wishard distribution as proposed in [2-3] to model the covariance matrix estimation errors. Companies are invited to provide the results based on: 

· Ideal Rcov

· At least one of the following methods: CRS based, DM-RS based and Data based covariance matrix estimation error.
· For different possible averaging length (minimum 1 PRB).  
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