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1.
Introduction

At RAN4#66 in Malta, R4-130926 [1] Framework document for DL CoMP CSI tests was agreed. Many test parameters are listed, but the majority are TBD. This paper gives Anritsu’s views on possible test case parameters to specify, with our reasoning. Although this Tdoc does not provide a direct update of R4-130926 [1], it aims to clarify some key parameters.
This aim is to progress the test definition, whilst ensuring that the test can be implemented in RAN5. Although all the discussion in this Tdoc relates to CoMP CSI tests, many of the principles could be applied also to CoMP demodulation tests.
2.
Previous contributions 

The main documents taken into account here have been [2], [3] and [4]. Although they have all been noted, and the proposals therein not formally agreed, they contain useful ideas which help define the Test cases. Key points and extracts are listed below:

2.1  R4-126155 [3], Huawei, HiSilicon, “Consideration on CSI tests for DL CoMP”
Although Anritsu as test equipment vendor does not have a strong view on all the configuration aspects, the relevant proposals shown in green highlight seem reasonable and we are happy to support them.
The following extract is taken from [3]:
2.2 CQI definition test 

A static CQI test should be introduced to verify proper UE behavior in term of measuring the interference from specified IMR, rather than CRS, CSI-RS or DMRS. UE can perform some degree of averaging on interference estimation along the time and frequency domain within the specified IMR. At the same time, maximum number of simultaneous CSI processing and reporting can also be verified in this test. 
In the following, we propose the testing framework:
· Two TPs are configured and use 2x2 or 4x2 for antenna configuration

· Use the static channels as defined in Annex B.1 of [1] 
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· Set different power levels on these two TPs according to the outcome of system level simulation. The simulation assumptions can adopt those in [12] which had been used in RAN4 RRM simulation. This method would be time consuming and for simplicity, we can just set the power difference between two TPs to be about 3~6dB
· Each TP is configured with one NZP CSI-RS for signal part  
· Each NZP CSI-RS is protected by one ZP CSI-RS from other TP to facilitate channel estimation

· One IMR CSI-RS is configured to measure the interference out of the TP cluster

· Two IMR CSI-RS are configured to measure the interference from each TP

· Configure the corresponding maximum CSI process according to UE CSI capability

· UE camps on the stronger TP which transmits the CRS and PDCCH
· In measurement subframe, both TPs transmit OCNG with TM3 

· In scheduling subframe, choose one fixed transmission scheme and transmission mode 10(Single layer with fixed PMI) for serving TP and interfering TP transmits OCNG with TM3, the corresponding CQI is defined as the reference CQI

· For test metric, the reference CQI should satisfy the Rel-8/10 accuracy requirement and the other CQI reporting should satisfy the Rel-8/10 distribution accuracy requirement. Their median CQI values should be certain offset value away from the reference median CQI value

2.2  R4-130318 [4], Samsung, “CSI test cases design for Downlink CoMP”

The main influence here is the choice of interference levels and where they are applied. Although Anritsu proposes to modify the terminology, as shown in section 3 of this document, the basic proposal provides a good way forward, and we are happy to support it.

3.
Terminology and settable parameters 

Although CoMP test case proposals were mostly noted at RAN4#66 in Malta, Anritsu supports the proposals made in Samsung R4-130318 [4]. However thinking ahead to how RAN4 would specify the CSI test case, and which parameters the Test System can set, we propose some changes to terminology.
The following extract is taken from [4]:
In last RAN4 meeting, there is some concern raised from test equipment vendors that it may be difficult to adjust interference level in RE level. To solve this issue, an alternative way is to configure another TP as interference source to generate different interference levels across all REs. As shown in Table 2 below, a white noise source with fixed power spectral level as Iot2 is applied in receiver antenna for all subframes. In PDSCH sub-frame, as the interference TP is blanked, the overall power levels with interference pulse white noise in all REs is Iot2. In CSI sub-frame, interference is transmitted from interference TP except the REs occupied by IMR with fixed power spectral level as Iot3. The REs according to IMR is muted for the interference TP as ZP CSI-RS configuration. Then the power level with interference pulse white noise in all REs except IMR is Iot 1. For IMR, the total power level is Iot2 with only white noise contributed.
	Power Spectral Level
	CSI-RS resource 1
	IMR1
	Other REs

	White noise level
	CSI Subframe
	Iot2
	Iot2
	Iot2

	
	PDSCH Subframe
	Iot2
	Iot2
	Iot2

	Power level for interfere TP
	CSI Subframe
	Iot3
	0/Muted
	Iot3

	
	PDSCH Subframe
	0/Blanked
	0/Blanked
	0/Blanked

	Overall power level of noise +interference
	CSI Subframe
	Iot2+Iot3=Iot1
	Iot2
	Iot2+Iot3=Iot1

	
	PDSCH Subframe
	Iot2
	Iot2
	Iot2


Table 2: Noise and interference levels in different REs
To help visualise the test set-up the diagram below is provided:
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Figure 1: Set-up diagram for CoMP CSI and demodulation tests
3.1 White Noise
Please see yellow highlight in the extract from [4]: “As shown in Table 2 below, a white noise source with fixed power spectral level as Iot2 is applied in receiver antenna for all subframes. In PDSCH sub-frame, as the interference TP is blanked, the overall power levels with interference pulse white noise in all REs is Iot2”.

For LTE, a white noise source is called Noc. As the term “Iot” means total interference power, it is not really helpful where there is only one component (AWGN) of the interference. So for CoMP tests we propose:

Iot2 is replaced by Noc, transmitted in all REs in all subframes
3.2 Interference from TP2
Please see turquoise highlight in the extract from [4]: “In CSI sub-frame, interference is transmitted from interference TP except the REs occupied by IMR with fixed power spectral level as Iot3”.
This interference has to be configured on a per-RE basis, because for example it must not be transmitted on IMR1 REs. Anritsu’s proposal would be to specify something similar to the Advanced Rx interference model in TS 36.101 [5] Annex B.5.2, where we specify REs transmitting QPSK randomly modulated layer symbols. The detail is dependent on what RAN4 agrees about the antenna configuration, and we welcome further discussion to resolve these aspects. Section 5 contains further discussion. 
In Anritsu’s understanding, existing OCNG is not suitable, because it fills all unused REs to give a uniform spectral density. CoMP test cases have a requirement for zero power on some REs, which is contrary to the intention of OCNG.
In R4-130318 [4] the Interference from TP2 is called Iot3, but it is only one component of the overall interference. The term “Iot” is generally reserved for total interference, so for CoMP tests Anritsu proposes that Iot3 is replaced by PTP2.
We agree that PTP2 is transmitted in CSI subframes, in CSI-RS resource 1 REs and other REs, but not in IMR1 REs.
And we agree with R4-130318 [4], that Iot1 = Noc + PTP2
3.3 Wanted signal from TP1
R4-130318 doesn’t directly give a name to the power from the wanted TP, which we can call PTP1.

The detail about individual Physical Channel powers and RE allocation is FFS, and is outside the scope of the present document.

3.4 Summary of settable parameters
For demodulation and CSI test cases, instead of specifying the wanted power such as PTP1 directly, RAN4 normally specifies Noc and SNR. The quantities are related by the formula SNR1 = PTP1 / Noc, and for an intra-frequency scenario such as CoMP, RAN4 would also specify SNR2 = PTP2 / Noc.

For consistency within RAN4, and to align with the existing uncertainty parameters used by RAN5, Anritsu therefore recommends that we specify the following parameters:

· Noc (equivalent to Iot2 in R4-130318 terminology)
· SNR1 (equivalent to PTP1 / Noc, not directly given a name in R4-130318)

· SNR2 (equivalent to PTP2 / Noc, or equivalent to Iot3 / Iot2 in R4-130318 terminology) 
4.
Test Case parameters 

The table in the extract below is taken from Huawei’s R4-126155 [3] Annex A. The yellow highlight text shows Anritsu’s recommended changes, summarised as:
· Specify system bandwidth separately for TP1 and TP2

· Specify that both TP1 and TP2 are on the same Channel number
· AWGN is therefore a single common value (applied to UE after TP1, TP2 channel models)

· Specify SNR separately for TP1 and TP2, dB value currently [FFS]
· Remove “OCNG” from PDSCH transmission mode (nature of interference separate parameter)
· Specify Propagation condition and antenna configuration separately for TP1 and TP2

· Make symbols for unused PRBs and for interference cell [FFS] until nature of interference defined
Table A.1 Simulation assumption for static CQI test (FDD)
	Parameter
	Unit
	TP 1
	TP 2

	E-UTRA RF Channel Number
	
	1
	1

	System bandwidth
	MHz
	10 
	10

	PDSCH transmission mode
	Measurement
	
	TM3
	TM3

	
	Scheduling
	
	TM 10
	TM3

	Downlink power allocation
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	dB
	[]
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	dB
	[]

	
	Pc for NZP CSI-RS[X]
	
	[]

	Propagation condition and antenna configuration
	
	Clause B.[1] (2x2 or 4 x2)
	Clause B.[1] (2x2 or 4 x2)
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at antenna port
	dBm/15kHz
	-98

	SNR
	dB
	[FFS] dB
	[FFS] dB

	Maximum number of HARQ transmission
	
	1

	Number of OFDM symbols for PDCCH
	OFDM symbols
	2

	Subframes for demodulation
	
	All subframes scheduled for demodulation except subframe #0 and #5 

	Cell-specific reference signals
	
	Antenna ports 0,1
	Antenna ports 0,1

	Cell Id
	
	0
	1

	subframeConfig for IMR[X]
	
	[]
	[]

	resourceConfig for IMR[X]
	
	[]
	[]

	subframeConfig  for NZP CSI[X] reference signal configuration
	
	[]
	[]

	resourceConfig for NZP CSI[X] reference signal configuration
	
	[]
	[]

	Reporting mode for CSI process[X]
	
	[]
	[]

	Reporting periodic and offset for periodic and aperiodic reporting
	
	[]
	[]

	Reporting type for CSI process [x]
	
	[]
	[]

	CSI reference signals
	
	Antenna ports 15,16,[17，18]
	Antenna ports 15,16,[17，18]

	Symbols for unused PRBs and interference cell
	
	[FFS]
	[FFS]

	Number of allocated resource blocks 
	PRB
	50  


	Rank
	
	[1]
	N/A

	CodeBookSubsetRestriction bitmap
	
	[]
	[]


If RAN4 agrees with Anritsu’s reasoning, we propose that future versions of the table are based on the revision above. 
5.
Interference model 

As mentioned in section 3, the interference has to be configured on a per-RE basis. This Tdoc does not give a detailed proposal, but we believe the Advanced Rx interference model in TS 36.101 [5] Annex B.5.2 could form a useful basis. This uses 16-QAM in the data region and QPSK in the control region. Some aspects may need to be reconsidered for CoMP, such as:

· Need for CQI subbands 
· Need for randomly determined transmission rank
· Choice of PDSCH modulation 
· Modulated data would not be over the entire PDSCH region (IMR1 REs excluded)
Anritsu welcomes further discussion to resolve these aspects. An extract from TS 36.101 [5] is provided here for information:
B.5.2
Transmission mode 3 interference model
This subclause provides transmission mode 3 interference modelling for each explicitly modelled interfering cell in the requirement scenario. In each subframe, each interfering cell shall transmit randomly modulated data over the entire PDSCH region and the full transmission bandwidth. Transmitted physical channels shall include PSS, SSS and PBCH. 

For each subframe and each CQI subband as defined in subclause 7.2 of [6], a transmission rank shall be randomly determined independently from other CQI subbands as well as other interfering cells. Probabilities of occurrence of each possible transmission rank are as specified in the requirement scenario.

For rank-1 transmission over a subband, precoding for transmit diversity for the number of antenna ports in the requirement scenario shall be applied to 16QAM randomly modulated layer symbols, as specified in subclause 6.3.4.3 of [4].

For rank-2 transmission over a subband, precoding for spatial multiplexing with large delay CDD over two layers for the number of antenna ports in the requirement scenario shall be applied to 16QAM randomly modulated layer symbols, as specified in subclause 6.3.4.2.2 of [4].

For unallocated REs in the control region, precoding for transmit diversity for the number of antenna ports in the requirement scenario shall be applied to QPSK randomly modulated layer symbols, as specified in subclause 6.3.4.3 of [4]. The EPRE ratio for these REs shall be as defined for PDCCH in Annex C.3.2.
6. Summary and recommendations

Based on the above analysis, we make the following proposals:
a) The set-up diagram in section 3 of this Tdoc is used as a reference model for CoMP CSI tests
b) A white noise source Noc,is transmitted in all REs in all subframes
c) The explicitly modelled signal levels from TP1 and TP2 are specified via SNR1 and SNR2
d) Future versions of the test parameters in the table are based on section 4 of this Tdoc
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