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1
Introduction

During RAN4#62bis, agreements in [1] were reached on test coverage and framework. In addition, simulation assumptions were agreed in [2] with a view to performing the first round of alignment simulations by RAN4#63. The main differences compared to earlier parameters from the study item phase are the use of new DIP values and the addition of a simulation scenario including TM2 in serving cell and TM3 in interfering cells.
In this contribution we discuss open issues in the test framework for advanced receivers and propose a first set of test cases to be discussed during RAN4#63. 
2 
Remaining issues in test framework
Based on the agreements reached in RAN4#62bis, preliminary simulation results from interested companies are expected in RAN4#63. From these results, some further fine tuning to the various parameters may be done on a need basis (e.g. in case a specific issue would be found). To our view, one should now strive at narrowing further down/refining the choice of agreed parameters [1]

 REF _Ref324163669 \r \h 
[2] in order to arrive at test cases, according to the proposed workplan [5]. Reopening a number of issues would incur a significant risk of delaying the work. Overall we should ensure that RAN4 develops requirements which are able to differentiate good advanced receiver performance while at the same time not excessively adding to the requirements for these types of UE, especially keeping in mind that advanced receiver for LTE is an optional implementation, and overly arduous requirements would serve as a disincentive to make the implementation. 
In the following, we provide considerations on the remaining open issues in the demodulation test framework and try to further narrow down the number of options based on the agreed set of simulation assumptions shown in Annex.
Test coverage in terms of transmission modes
It was agreed in [1] that there will be test coverage for TM6 (i.e. TM6 in serving cell, TM4 in interfering cells) as well as for TM9 (i.e. TM9 rank-1 SU-MIMO in serving cell, TM9 rank-1/-2 SU-MIMO in interfering cells). The inclusion of TM2 (i.e. TM2 in serving cell, TM3 in interfering cells) was left subject to further evaluation until RAN4#63. To our view, the following considerations justify the inclusion of TM2:
· Link level results in a companion contribution [6] show gains of IRC receiver for TM2, although to lesser extent compared to other considered transmission modes (TM6, TM9);
· A large share of the initial network deployments of the LTE are expected to be based on TM2/TM3 over 2-Tx antennas at eNodeB; 
· TM2 and TM3 are open-loop modes, and their inclusion as part of the test framework is justified besides closed-loop modes such as TM6 and TM9. 
Proposal 1: 
Agree on adding test coverage for TM2 in serving cell assuming TM3 in interfering cells.
We discuss below remaining aspects of interference modelling.
Structure of the interference
During the study item, RAN4 developed models for the structure of the inter-cell interference to be applied at link level in terms of:
· Number of interferers: Based on system level considerations and derived statistics on interference profiles, it was considered sufficient to model explicitly up to two interfering cells at link level [4]. It has been argued during RAN4#62bis that a single interfering cell would be sufficient for verifying the IRC gains and the advanced receiver functionality. These aspects are discussed in more detail in a companion contribution [7], which conclusions are as follows:
1. Because of larger performance gap between advanced and baseline receivers, the corresponding test case becomes more efficient in identifying receivers effectively implementing spatial interference rejection. Having two explicitly modelled interfering cells is thus motivated from that perspective.
2. It still needs to be discussed and clarified whether this is feasible from test complexity perspective, as in view of the objective in the work item description (WID) [9] to ensure that complexity of interference modelling for the performance requirements and conformance testing shall be taken into account. We think it would be useful for TE vendors in RAN4 to give feedback on the practical number of faders which can be accounted in the work. We note that ongoing Rel-11 feICIC discussion consider the eventuality of having a total of two interfering cells.
· Time/frequency variation of interferer PMIs: During the study item an agreement was reached to consider randomly changing PMI and transmission rank per subband from subframe to subframe as baseline. The latter baseline assumption got also confirmed for link level evaluations due for RAN4#63 [1]. Choice of PMIs in interfering cells depends to a large extent on scheduling decisions, which are in turn specific to network implementation. Further results on PMI statistics under different schedulers are analysed in reference [8]. It is concluded that, from a UE perspective, one can only assume that precoding stays constant within a CQI reporting subband (and within one PRG for TM9). Therefore, baseline assumptions made so far in this respect look reasonable and should be further implemented in test cases. 
· Interferer MCS: Simulation assumptions in [2] do not specify the interfering signal structure in terms of modulation. Rather than considering distributions for the likelihood of each modulation order, we propose for simplicity to use randomly modulated symbols with a fixed modulation order. Random QPSK symbols were considered in reference [10], but 16QAM could also be considered if it is felt that an increased variability in the amplitude domain is preferable. This would most likely be modelled by OCNG in the test systems. Input from system level simulations could confirm whether QPSK or 16QAM is more likely modulation in interfering cells in considered scenarios.
Proposal 2: 
Consider a total of 2 explicitly modelled interfering cells in advanced receiver test cases. 

Proposal 3:
Confirm random PMI & rank per subband and per subframe basis for interfering cells in test cases.

Proposal 4: 
Choose fixed random modulation for the interfering cell signals such as 16QAM, provided that it is justified by system level simulations.
FRC tests
Demodulation tests for advanced receivers should be based on FRCs following a well-established methodology since LTE Rel-8. The use of variable reference channels (VRC) was not deemed appropriate. When it comes to additional CSI requirements, we note that CSI was not studied in SI phase [4] nor included in the scope of the WI [9], which clearly states that the objective is to define demodulation requirements for IRC receivers.
Proposal 5: 
Introduce demodulation tests for advanced receivers based on fixed reference channels (FRC).
Test point definition
During RAN4#62bis, the test point was agreed as [70%] of the maximum throughput of the FRC under test, which is a typically used in RAN4 demodulation tests. Further agreements on test case definitions as well as alignment simulation will allow confirming the test point in the future. Some discussion took also place on whether to sweep the geometry (as done e.g. in [10]) or to keep instead geometry constant and sweep the serving cell SNR (i.e. signal-to-AWGN ratio). The latter approach would result in variable DIPs and on the contrary, DIPs are to be kept constant since they result from specific deployment scenarios [4]. To our view, FRC parameters (mainly MCS) should be selected such that [70%] of the maximum throughput of the FRC is reached around the geometries of interest (G=-2.5dB and/or G=0dB). Small fluctuations/deviation around these targeted geometries is not an issue, as we remind that corresponding DIPs were derived from system level simulations conditioned to geometries of interest with a given tolerance (±0.2dB).
Proposal 6:
Alignment simulations to record throughput vs. sweeping geometry while DIPs are kept fixed and equal to agreed values. 
On to the choice of MCS in Scenario 1-1 (TM2), since the assumption of spatial correlation for Scenario 1-1 was changed from ‘low’ to ‘medium’ during RAN4#62bis, the overall throughput performance decreased. MCS were originally selected such that IRC throughput lies in the vicinity of 70% relative throughput for the considered MCS at the target geometry (e.g. G=-2.5dB). This is not the case anymore for MCS#7,8, and MCS#5,6 seem more appropriate in that respect, as shown by throughput vs. geometry curves presented in a companion paper [6]. 

Proposal 7:
Consider MCS#{5,6} for Scenario 1-1 (TM2) instead of previously assumed MCS#{7,8}.
3 
Proposal for a set of test cases

In this section, we provide a preliminary set of test cases for discussion during RAN4#63. 
3.1 
Proposal for general test case framework 

We start by noting that in single-carrier HSPA, a total of four additional performance measurements are made under multi-cell conditions. To our view, low number of test cases is also deemed sufficient for advanced receivers in LTE.  Since the focus is on cell-edge UEs and largest performance gains of advanced receivers have been observed at low geometries, we propose to put emphasis on G=-2.5dB geometry in test case definitions, while not totally excluding G=0dB. The latter ensures that both QPSK and 16QAM modulations in the serving cell are tested. It would also be beneficial to test both open-loop and closed-loop transmission modes at cell edge. Table 1 below tries to factor these design goals together and provides a proposal for a general test framework comprising of three test cases, one per transmission mode considered so far in RAN4 discussions and simulations. Additional test cases would need further study and justification.
Table 1: Proposed general demodulation test framework for advanced receivers.
	Test Number
	Transmission mode in serving cell
	Transmission mode in interfering cells
	Target Geometry [dB]
	MCS# (modulation)

	1
	TM2
	TM3, 80% rank 1, 20% rank 2
	G=-2.5dB
	[MCS#5] (QPSK)

	2
	TM6
	TM4, 80% rank 1, 20% rank 2
	G=0dB
	[MCS#11] (16QAM)

	3
	TM9 rank 1
	TM9, 70% rank 1, 30% rank 2
	G=-2.5dB
	[MCS#7] (QPSK)


3.2 
Proposal for an advanced receiver demodulation test for TM2
In this section, we refine the proposed test case for TM2. 
Table 2: Proposal for TM2-based test case
	Test number
	Bandwidth
	Reference channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference Value
	UE Category

	
	
	
	
	
	
	Fraction of Maximum Throughput [%]
	SNR [dB]
	

	1
	10 MHz
	R.xx1 FDD / R.yy1 TDD
	TBD
	[EVA5]
	2x2 medium
	[70]
	TBD
	1-8


Where:
· R.xx1 FDD defines the following FRCs:
· TM2 in serving cell;
· 50 PRB PDSCH allocation in all subframes except #5, CFI=2, normal CP;
· HARQ and maximum of 4 transmissions;

· Target geometry -2.5dB: G=Es/(I1+I2+N), where Es and In are respectively defined as the serving cell power and n-th interfering cell power, n=1,2.
· [MCS#5] selected such that [70%] throughput is close to target geometry.
· R.xx1 TDD defines additionally UL/DL configuration#1.
· One serving cell (Cell#0) and two explicitly modeled interfering cells (Cell#1 and Cell#2):

· DIP1=I1/(I1+I2+N)= -1.73dB and DIP2=I2/(I1+I2+N)=-8.66dB;
· Non-colliding CRS between serving and interfering cells: 
· mod(Cell#0 Id,3) ≠ mod(Cell#j Id,3), j=1,2
· Interfering cells may be modeled e.g. as OCNG with the following parameterization:
· TM3 interference:

· Random 16QAM modulated symbols;
· Rank randomly changes per subband (6 PRB) and per subframe: rank-1 probability 80% / rank-2 probability 20%;
· Interfering PMIs follow TM3 precoder selection for subbands with rank-2 transmission.
3.3 
Proposal for an advanced receiver demodulation test for TM6
In this section, we refine the proposed test case for TM6.
Table 3: Proposal for TM6-based test case
	Test number
	Bandwidth
	Reference channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference Value
	UE Category

	
	
	
	
	
	
	Fraction of Maximum Throughput [%]
	SNR [dB]
	

	2
	10 MHz
	R.xx2 FDD / R.yy2 TDD
	TBD
	[EVA5]
	2x2 low
	[70]
	TBD
	1-8


Where:

· R.xx2 FDD defines the following FRCs:

· TM6 in serving cell;
· 50 PRB PDSCH allocation in all subframes except #5, CFI=2, normal CP;

· HARQ and maximum of 4 transmissions;
· Target geometry 0dB: G=Es/(I1+I2+N), where Es and In are respectively defined as the serving cell power and n-th interfering cell power, n=1,2.
· [MCS#11] selected such that [70%] throughput is close to target geometry;
· Follow wideband PMI (PUSCH 3-1), feedback periodicity 5ms, feedback delay 8ms;
· R.xx2 TDD defines additionally UL/DL configuration#1.
· One serving cell (Cell#0) and two explicitly modeled interfering cells (Cell#1 and Cell#2):

· DIP1=I1/(I1+I2+N)= -2.0561dB and DIP2=I2/(I1+I2+N)=-8.2463dB;

· Non-colliding CRS between serving and interfering cells: 

· mod(Cell#0 Id,3) ≠ mod(Cell#j Id,3), j=1,2
· Interfering cells may be modeled e.g. as OCNG with the following parameterization:
· Random 16QAM modulated symbols;

· TM4 interference:
· Rank randomly changes per subband (6 PRB) and per subframe: rank-1 probability 80% / rank-2 probability 20%;

· Interfering PMIs match the above selected ranks and randomly change per subband (6 PRB) and per subframe.
3.4 
Proposal for an advanced receiver demodulation test for TM9

In this section, we refine the proposed test case for TM9.
Table 4: Proposal for TM9-based test case
	Test number
	Bandwidth
	Reference channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference Value
	UE Category

	
	
	
	
	
	
	Fraction of Maximum Throughput [%]
	SNR [dB]
	

	3
	10 MHz
	R.xx3 FDD / R.yy3 TDD
	TBD
	[EVA5]
	4x2 low
	[70]
	TBD
	1-8


Where:

· R.xx3 FDD defines the following FRCs:

· TM9 rank-1 in serving cell;
· 4 CSI-RS ports configured with 5 ms periodicity;

· 50 PRB PDSCH allocation in all subframes except #5, CFI=2, normal CP;

· HARQ and maximum of 4 transmissions;
· Target geometry -2.5dB: G=Es/(I1+I2+N), where Es and In are respectively defined as the serving cell power and n-th interfering cell power, n=1,2.
· [MCS#7] selected such that [70%] throughput is close to target geometry;
· Follow wideband PMI (PUSCH 3-1), feedback periodicity 5ms, feedback delay 8ms;
· R.xx3 TDD defines additionally UL/DL configuration#1.
· One serving cell (Cell#0) and two explicitly modeled interfering cells (Cell#1 and Cell#2):

· DIP1=I1/(I1+I2+N)= -1.73dB and DIP2=I2/(I1+I2+N)=-8.66dB;
· Non-colliding CRS between serving and interfering cells: 

· mod(Cell#0 Id,3) ≠ mod(Cell#j Id,3), j=1,2
· Interfering cells may be modeled e.g. as OCNG with the following parameterization:
· TM9 interference:
· Random 16QAM modulated symbols;
· Rank randomly changes per subband (6 PRB) and per subframe: rank-1 probability 70% / rank-2 probability 30%;

· Interfering PMIs match the above selected ranks and randomly change per subband (6 PRB) and per subframe.

4
Conclusions
In this contribution we discussed open issues in the test framework for advanced receivers. To our view the overall spirit of the work is to narrow-down further the options considered so far in order to converge towards test case definitions. Main proposals are summarized below:
Proposal 1: 
Agree on adding test coverage for TM2 in serving cell assumingTM3 in interfering cells.
Proposal 2: 
Consider a total of 2 explicitly interfering cells in advanced receiver test cases. 

Proposal 3:
Confirm random PMI & rank per subband and per subframe basis for interfering cells in test cases.

Proposal 4: 
Choose fixed random modulation for the interfering cell signals such as 16QAM, provided that it is justified by system level simulations.

Proposal 5: 
Introduce demodulation tests for advanced receivers based on fixed reference channels (FRC).
Proposal 6:
Alignment simulations to record throughput vs. sweeping geometry while DIPs are kept fixed and equal to agreed values. 
Proposal 7:
Consider MCS#{5,6} for Scenario 1-1 (TM2) instead of previously assumed MCS#{7,8}.
Finally we made a preliminary proposal for a test framework comprising of the three test cases below:
	Test Number
	Transmission mode in serving cell
	Transmission mode in interfering cells
	Target Geometry [dB]
	MCS# (modulation)

	1
	TM2
	TM3, 80% rank 1, 20% rank 2
	G=-2.5dB
	[MCS#8] (QPSK)

	2
	TM6
	TM4, 80% rank 1, 20% rank 2
	G=0dB
	[MCS#11] (16QAM)

	3
	TM9 rank 1
	TM9, 70% rank 1, 30% rank 2
	G=-2.5dB
	[MCS#7] (QPSK)
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Annex

Table 5: Agreed simulation assumptions for link-level evaluations [2].

	Parameter
	Scenario 1-1 (TM2)
	Scenario 1-2 (TM6)
	Scenario 2 (TM9)             

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Transmission mode in serving cell
	TM2
	TM6
	TM9 with 1-layer

	Transmission mode in interfering cells
	TM3
	TM4
	TM9

	MIMO configuration
	2x2, medium correlation
	2x2, low correlation
	4x2, low correlation

	Channel model and Doppler frequency for target and interfering cells
	EVA5 (also higher velocities can be considered in additions)
Use different channel seed for between cells

	Number of interfering cells
	1 & 2 to be considered

	Geometry
	G=-2.5dB and G=0dB

	DIP values
	At G=-2.5dB: DIP1= -1.73dB and DIP2=-8.66dB
At G=0dB: DIP1=-2.0561dB and DIP2=-8.2463dB

	CRS configuration
	2 CRS ports with planning (non-colliding)

	CSI-RS configuration
	None
	None
	4 CSI-RS ports,

 and 5 msec periodicity

	MCS for target signal
	Fixed MCS as follows:

#10, #11 for G=0dB, and #7, #8 for G=-2.5 dB as baseline

	PMI for target signal
	N/A
	Follow wideband PMI
	Follow wideband PMI

	HARQ
	8 HARQ processes and max 4 transmissions

	Feedback periodicity for target signal
	Feedback periodicity: 5 msec

Feedback delay: 8 msec

	PMI granularity and rank of interfering signals (% of rank-1 and % of rank-2)
	Randomly changing per sub-band from subframe to subframe as baseline.
Randomly changing per sub-band per 10 msec periodicity by interested companies
Frequency granularity is 6 PRBs

	
	[80% rank-1,20% rank-2]
	80% rank-1, 20% rank-2
	70% rank-1, 30% rank-2

	Modulation in interfering cells
	Fixed modulation order: QPSK or 16QAM

	PCFICH
	CFI = 2

	PCFICH/PDCCH detection
	Not considered

	Resource allocation
	50 PRBs 

	Cyclic prefix
	Normal

	Simulation length
	10000 sub-frames at minimum



