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1
Introduction

During RAN4#63, agreements in [1] were reached on test coverage and framework. In addition, simulation assumptions were agreed in [2] with a view to performing alignment simulations by RAN4#63AH. In this contribution we discuss open issues in the test framework for advanced receivers and sketch proposals for discussion during RAN4#63AH. 
2 
Remaining issues in test framework
Based on the agreements reached in RAN4#63, a first round of alignment of results by interested companies is expected to take place during RAN4#63AH. 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]
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[2] in order to arrive at test cases, according to the work plan [9]. Reopening a number of issues would incur a significant risk of delaying the work. 
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.
Spatial correlation
During RAN4#63, it was tentatively agreed to revert from medium to low spatial correlation for Test 1. Interested companies were invited to investigate the differences in relative gains of IRC vs. baseline receiver for low and medium correlation, provided that the issue with the two interferers having the same spatial direction is addressed.
On one hand it is true that medium correlation could be more realistic choice for Test 1 (2x2 TM2) as well as changing to medium and high spatial correlations would then be even more justified for Test 2 (2x2 TM6) and Test 3 (4x2 TM9), respectively. On the other hand, by doing so, one would face the following issues:
· RAN4 correlation modelling in Annex B 2.3 of TS36.101 is real-valued: this implies that interferers’ spatial directions are all-aligned together with the signal of interest. This means that all interferers have the same spatial correlation at both Tx and Rx side, which is obviously not realistic. 
· Correlation matrices must be complex-valued in order to introduce phase correlation in transmitted/received signal components. Phasors are then needed to randomize the spatial direction of the interference. At Tx side, one could apply beam-steering similarly to what was done for Rel-10 eDL-MIMO 8-Tx PMI testing (cf. Annex B.2.3A.4 of TS36.101). However:
· The distribution of phasors is typically not uniform and depends e.g. on aperture of the antenna array.
· The correlation between phasors may need to be modelled, depending whether the serving and interfering signal originate from sectors from the same site or different sites.
In view of the above difficulties, it is seen preferable to keep low correlation as working assumption for all tests (Test 1-3). Despite less realistic modelling of spatial interference characteristics, significant gains for LMMSE-IRC vs. baseline receiver were still identified in RAN4 link level performance evaluations [3], showing that low correlation as a valid option from testing perspective.
Proposal 1: 
Confirm the choice of low spatial correlation for Test 1 (TM2).
Number of interferers in Test 3
During RAN4#63, it was concluded there is benefit from testing perspective in having 2 explicitly modelled interfering cells in 2x2 and 4x2 tests, and the following agreements were reached [1]:
· 2x2 (Test 1 &2): agree to have 3 cells explicitly modeled (1 serving cell, 2 interfering cells)

· 4x2 (Test 3): 

· Option 1 is 3 cells explicitly modeled (1 serving cell, 2 interfering cells). 

· Option 2 is 2 cells explicitly modeled (1 serving cell, 1 interfering cells).

· DIP1 is the same as Option 1

· Both options to be evaluated, decision to be made next meeting 

· Input on test complexity from TE vendors expected in next meeting

· Methods to reduce test complexity can be investigated
Because of larger performance gap between advanced and baseline receivers for larger number of explicitly modelled interferers, 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. Test complexity may however be an issue for Test 3 as discussed during RAN4#63: 4x2 antenna configuration with three explicitly modelled cells results in a total of 4x2x3=24 channel faders. At this stage, input from test equipment (TE) vendors is needed in order to make a decision. In the event RAN4 steps down to a single interferer in Test 3, it needs to be checked whether the gap of performance wrt. a baseline receiver is still sufficient. Increasing DIP1 could then provide countermeasure, despite departing from DIP values identified through system level simulations.
Proposal 2: 
Consider 2 explicitly modelled interfering cells in Test 3 as working assumption. Working assumption may be revisited based on input from test equipment vendors.
Structure of the interference
During the study and work items, RAN4 developed models for the structure of the inter-cell interference to be applied at link level in terms of time/frequency variation of interferer PMIs. The current baseline agreement of “randomly changing PMI and transmission rank per subband from subframe to subframe” holds since the beginning of the study item and is supported by numerous investigations [5]
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[6]
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[7]. Moreover, it is noted that:
· From network perspective: Choices of PMIs in interfering cells depend to a large extent on scheduling decisions, which are in turn specific to network implementation: enforcing certain interference patterns in test cases could be interpreted as de-facto limiting scheduling freedom in practical deployments in order to guarantee gains of advanced receivers. 
· From UE perspective: One can only assume that precoding stays constant within a CQI reporting subband (and within one PRG for TM9), and having test cases potentially allowing interference averaging over time risks compromising the gains of advanced receivers in situations where the interference pattern would be different. 
Therefore, baseline assumption of “randomly changing PMI and transmission rank per subband from subframe to subframe” made so far looks reasonable and should be further implemented in test cases. 
Proposal 3:
Confirm random PMI & rank per subband and per subframe basis for interfering cells in test cases.
Choices of MCS
To our view, FRC parameters (mainly MCS) should be selected such that around 70% of the maximum throughput of the FRC is reached around the geometries of interest, i.e. G=-2.5dB for Tests 1 & 3 and G=0dB for Test 2. 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). One should also keep in mind that alignment simulation work currently being performed in RAN4 does not assume any impairment at this stage. Impairment results will typically shift the throughput curves to the right by ~1-2dB and depending on how the requirement is set, geometry for [70%] relative throughput will increase or relative throughput for fixed geometry will decrease. Simulation results reported in [8] support the following choices of MCS:
Proposal 4:
Select MCS#6 for Test 1, MCS#12 for Test 2 and MCS#7 for Test 3.
UE velocity

It was tentatively agreed during RAN4#63 to consider EVA70 propagation conditions in Test 1 which was seen as relevant for open-loop transmit diversity based on TM2. Simulation results reported in [8] confirm the presence of gains of LMMSE-IRC wrt. baseline receiver under such scenario. Hence, we propose that:
Proposal 5:
Confirm EVA70 propagation conditions in Test 1.
Test point definition
A discussion took place during RAN4#63 on whether to sweep the geometry (as done e.g. in [8]) 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. It was agreed that alignment simulations will sweep throughput vs. geometry (SINR), keeping DIP(s) fixed to agreed values. Test point definition as well as how to set the requirements will be re-discussed during RAN4#63AH [1]. The following options exist:
1. Use 70% of the maximum throughput of the FRC under test, as typically used in RAN4 demodulation tests;
2. Keep geometry fixed to G=-2.5dB for Tests 1 & 3 and G=0dB for Test 2, and set the requirement in terms of minimum fraction of the maximum throughput of the FRC under test.
Above options are seen as equivalent since throughput is a monotonically increasing function of geometry. Option 1 has been used so far in RAN4 demodulation tests and 70% throughput point also mitigates to some extent the impact of HARQ. The drawback is that the geometry at the test point varies depending on MCS and receiver performance. Option 2 would be preferred in case the RAN4 group sees as important to conduct the test at a fixed geometry (G=-2.5dB for Test 1 & 3, G=0dB for Test 2). However, in that case MCS choices should be made such that the relative throughput at geometry under test stays within reasonable bounds (e.g. 50-80%) or equivalently BLER is neither too low nor too high, in order to avoid respectively irrealistic gains or saturation of the gains provided by advanced receivers. 
Proposal 6: 
Consider setting minimum demodulation performance requirements for advanced receivers as minimum fraction of the relative throughput achieved at given geometry (G=-2.5dB for Test 1 & 3, G=0dB for Test 2).
TDD specific parameters

The agreed WID [9] does not make any distinction between FDD/TDD in terms of timeline. To our understanding, RAN4 should aim at treating FDD/TDD together and finalizing the work around the same time, as done typically for demodulation requirements. The following agreements were made in this respect during RAN4#63:

•             Test parameters and simulations to start with FDD

•             Test parameters for TDD to be discussed and agreed during RAN4#63AH

•             Companies invited to provide input on TDD parameters for RAN4#63AH 

The next steps are thus to draft simulation assumptions for TDD and start alignment of results from RAN4#63AH onwards. In general, FRC demodulation test cases do not differ much depending on the duplex mode. The following parameters need to be specified for TDD:
· Agree on UL/DL configuration: it is proposed to use configuration 1 which is typically used in RAN4 demodulation tests;
· Information bit payloads and corresponding number of binary channel bits need to be determined. 

Proposal 7:
Draft simulation assumptions for TDD during RAN4#63AH and start alignment of results from RAN4#63AH onwards.
RF input levels:

RF input levels have not been specified yet for agreed advanced receiver demodulation tests. Since the majority of existing demodulation tests in Chapter 8 of TS36.101 assume Noc at the antenna port equal to Noc=-98dBm, we propose to adopt the same value for advanced receiver demodulation tests. Given that a single DIP set was agreed [1] (DIP1=-1.73dB, DIP2=-8.66dB), the corresponding signal levels are computed in Table 1 below assuming Noc=-98dBm. The level of the useful signal at G=-2.5dB is also provided for information.
Table 1: Signal levels for advanced receivers demodulation tests
	Description
	Parameter
	Input level at antenna port
	Relative level wrt. Noc

	Other cell interference
	Noc
	-98.00 [dBm]
	-

	1st explicitly modeled interfering cell
	I1
	-92.57 [dBm]
	+5.43 [dB]

	2nd explicitly modeled interfering cell
	I2
	-99.50 [dBm]
	-1.50 [dB]

	Signal for demodulation at G=-2.5dB
	Es
	-93.34 [dBm]
	+4.66 [dB]


Proposal 8:
Set Noc=-98dBm in advanced receiver test cases.
Assumptions on interference covariance estimation:
Previous link level performance evaluations performed in RAN4 under the study item [4] or during the work item stage [3] have shown quite large spread in results, due most likely to differences in simulation assumptions as well as in receiver algorithm implementations. The set of parameters agreed during RAN4#63 [2] aims at clarifying simulation parameters and thereby reduce the variance in absolute throughput. If better alignment of results is needed after RAN4#63AH, one could consider additional baseline assumptions on receiver processing, for alignment purposes only, keeping in mind that companies would have freedom of implementation for final simulation campaigns aiming at setting the minimum performance requirements. One such additional assumption would be to set the width of interference covariance matrix averaging in frequency domain to e.g. 1 PRB, as it has been observed that larger averaging width improve the performance and different assumptions on averaging widths among companies may also explain variations in results. Further restriction on time-domain averaging is not seen as necessary given the baseline assumption of randomly changing PMI and transmission rank per subband from subframe to subframe.
Proposal 9: 
Consider 1 PRB based interference covariance estimation as baseline for alignment purposes. This does not imply any restriction on receiver implementation for simulations leading to minimum performance requirement setting.  
Assumptions on channel estimation over DM-RS in Test 3:
Similarly to Rel-9 minimum demodulation requirements for dual-layer beamforming, we share the view that 1 PRB -based channel estimation over DM-RS should be the baseline for deriving minimum performance requirements for advanced receivers in Test 3. It is reminded that RAN1 agreed on PRB bundling for TM9 under the assumption that it is a UE implementation option. Hence, to our view, similar spirit needs to be kept for advanced receivers in Test 3. A side benefit would be to further improve alignment of results.
Proposal 10:
Set 1 PRB -based channel estimation over DM-RS as baseline for deriving minimum performance requirements for advanced receivers in Test 3.
3
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 further narrow-down the options considered so far in order to converge towards final test case definitions, while continuing alignment of results. Main proposals are summarized below:
Proposal 1: 
Confirm the choice of low spatial correlation for Test 1 (TM2).
Proposal 2: 
Consider 2 explicitly modelled interfering cells in Test 3 as working assumption. Working assumption may be revisited based on input from test equipment vendors.
Proposal 3:
Confirm random PMI & rank per subband and per subframe basis for interfering cells in test cases.

Proposal 4:
Select MCS#6 for Test 1, MCS#12 for Test 2 and MCS#7 for Test 3.
Proposal 5:
Confirm EVA70 propagation conditions in Test 1.
Proposal 6: 
Consider setting minimum demodulation performance requirements for advanced receivers as minimum fraction of the relative throughput achieved at given geometry (G=-2.5dB for Test 1 & 3, G=0dB for Test 2).
Proposal 7:
Draft simulation assumptions for TDD during RAN4#63AH and start alignment of results from RAN4#63AH onwards.
Proposal 8:
Set Noc=-98dBm in advanced receiver test cases.
Proposal 9: 
Consider 1 PRB based interference covariance estimation as baseline for alignment purposes. This does not imply any restriction on receiver implementation for simulations leading to minimum performance requirement setting.  
Proposal 10:
Set 1 PRB -based channel estimation over DM-RS as baseline for deriving minimum performance requirements for advanced receivers in Test 3.
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Annex

Table 2: Agreed simulation assumptions for link-level evaluations [2].
	 Parameter
	Test 1 (TM2)
	Test 2 (TM6)
	Test 3 (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, [low] correlation

See Note 1
	2x2, low correlation
	4x2, low correlation

	Channel model and Doppler frequency for target and interfering cells
	[EVA70]
	EVA5
	EVA5

	
	Use different channel seed for between cells

	Number of interfering cells
	2 interfering cells
	2 interfering cells
	Option 1: 2 interfering cells

Option 2: 1 interfering cell (DIP1 is the same as option 1) 

	Geometry
	Geometry range: [-8:1:6] dB

	Simulation output for alignment
	Sweep throughput vs. geometry (SINR), keeping DIP(s) fixed to agreed values

	DIP values
	DIP1=-1.73dB, DIP2=-8.66dB

	CRS configuration
	2 CRS ports per cell with planning (non-colliding CRS between cells)

	CSI reference signals
	N/A
	N/A
	Antenna ports 15,…,18

	CSI-RS periodicity and subframe offset (TCSI-RS / ICSI-RS)
	N/A
	N/A
	5 / 2

	CSI reference signal configuration
	N/A
	N/A
	0

	Resource allocation
	50 PRBs
	50 PRBs
	50 PRBs

	
	
	
	41 PRBs in subfr.#0 (skip center 6 PRBs, allocated PRBs: RB0–RB20 and RB30–RB49)

	Subframes for demodulation
	All subframes scheduled for demodulation except subframe #5

	MSC and TBS options
	Refer to Table 3
	Refer to Table 4
	Refer to Table 5

	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

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

	Channel and interference estimation at UE
	Practical and realizable channel and interference covariance estimates with no a-priori knowledge of the channel state information

	Physical channels transmitted in serving cell
	PSS/SSS/PBCH

	PCFICH
	CFI = 2

	PCFICH/PDCCH detection
	Not considered

	Physical channels transmitted in interfering cells
	PDCCH

PDSCH: 16QAM modulation is agreed to be used in interfering cells

PSS/SSS/PBCH

	Cyclic prefix
	Normal

	Simulation length
	20000 sub-frames at minimum


Note 1: Interested companies can investigate the relative IRC vs. baseline receiver gain for low and medium correlation. Issue with the 2 interferers having the same spatial direction needs to be addressed (e.g. by using a rotating beam as in Rel-10 eDL-MIMO 8-Tx PMI tests).
Table 3: MCS and TBS options for Test 1

	
	
	MCS#6
	MCS#7

	For subframe #0
	Information bit payload
	Bits
	[5160]
	[6200]

	
	Binary channel bits per subframe
	Bits
	[12384]
	[12384]

	For subframe #5
	Information bit payload
	Bits
	N/A
	N/A

	
	Binary channel bits per subframe
	Bits
	N/A
	N/A

	For subframes #{1,2,3,4,6,7,8,9}
	Information bit payload
	Bits
	[5160]
	[6200]

	
	Binary channel bits per subframe
	Bits
	[13200]
	[13200]

	Max. Throughput averaged over 1 frame
	
	Mbps
	[4.6440]
	[5.5800]


Table 4: MCS and TBS options for Test 2

	
	
	MCS#10
	MCS#11
	MCS#12

	For subframe #0
	Information bit payload
	Bits
	[7992]
	[8760]
	[9912]

	
	Binary channel bits per subframe
	Bits
	[24768]
	[24768]
	[24768]

	For subframe #5
	Information bit payload
	Bits
	N/A
	N/A
	N/A

	
	Binary channel bits per subframe
	Bits
	N/A
	N/A
	N/A

	For subframes #{1,2,3,4,6,7,8,9}
	Information bit payload
	Bits
	[7992]
	[8760]
	[9912]

	
	Binary channel bits per subframe
	Bits
	[26400]
	[26400]
	[26400]

	Max. Throughput averaged over 1 frame
	
	Mbps
	[7.1928]
	[7.8840]
	[8.9208]


Table 5: MCS and TBS options for Test 3

	
	
	MCS#7

	For subframe #0
	Information bit payload
	Bits
	[4968]

	
	Binary channel bits per subframe
	Bits
	[9840]

	For subframe #5
	Information bit payload
	Bits
	N/A

	
	Binary channel bits per subframe
	Bits
	N/A

	For subframes #{2,7}
	Information bit payload
	Bits
	[6200]

	
	Binary channel bits per subframe
	Bits
	[11600]

	For subframes #{1,3,4,6,8,9}
	Information bit payload
	Bits
	[6200]

	
	Binary channel bits per subframe
	Bits
	[12000]

	Max. Throughput averaged over 1 frame
	
	Mbps
	[5.4568]



