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1
Introduction

During previous RAN4 meetings, agreements were reached on the test framework and simulation assumptions for advanced receivers [1]-[7]. According to the proposed workplan [8], draft CRs are planned for RAN4 #64bis meeting. In this contribution we provide a preliminary analysis on the introduction of advanced receiver requirement scenarios ( FDD) to TS36.101 as well as a text proposal for discussion during RAN4#64. 

2
Introduction of Advanced Receivers Test Cases to TS 36.101
Based on previous meeting agreements [1]-[7], in order to sketch a preliminary structure for the upcoming advanced receiver requirements scenarios in TS 36.101 (Release 11) [10] the following aspects need to be considered:
Overall structure
A total of three advanced receiver scenarios for FDD are agreed to be introduced. For each of these, we identify the most suitable location under Section 8 of TS 36.101 as follows:
· Test 1 (TM2 in serving cell, TM3 in interfering cells): add a new subsection 8.2.1.2.4 under Section 8.2 “Demodulation of PDSCH (Cell-Specific Reference Symbols)”;
· Test 2 (TM6 in serving cell, TM4 in interfering cells): add a new subsection 8.2.1.4.1B using the alphanumeric designation “B” to avoid disturbing the existing section numbering scheme in accordance to the specification drafting rules [11];
· Test 3 (TM9 rank-1 in serving cell, TM9 in interfering cells): add a new subsection 8.3.1.1A under Section 8.3 “Demodulation of PDSCH (User-Specific Reference Symbols)”.
Advanced receiver denomination
Similarly to HSPA (type 0, 3, 3i), a denomination for advanced receiver minimum performance requirements is needed. We also note that RAN plenary has not discussed at this stage whether the feature itself is optional or mandatory. For the time-being, we propose to refer to “Type-A Enhanced Requirement”. Note that the chosen denomination needs then to be added to Section 3.1 of TS 36.101 “Definitions”.
Multi-cell test parameterization
Advanced receiver demodulation test cases involve one serving cell and one (Test 3) or two (Test 1 and 2) interfering cells. We propose here to follow a similar approach as for Rel-10 eICIC, i.e. for each test case, introduce a general table for test parameters with one column per cell involved in the test. In this way, consistency of the specification is ensured, especially since for Test 1 and Test 2, test case description would be located in subsections next to eICIC demodulation test cases.
Interference modeling

Two aspects of interference modelling need to be considered:
· DIP: the study item and work item made use of Dominant Interferer Proportion (DIP) in order to characterize the structure of inter-cell interference in terms of relative power between cells and AWGN. Similar approach was followed in HSPA. The notion of DIP is new to TS 36.101 because most existing demodulation test cases include one serving cell and a single AWGN interference source (Noc) while in Rel-10 eICIC, there is one interfering cell modelled in addition to the serving cell and the AWGN noise source. In eICIC, the difference is that interfering cell power is referred against AWGN power (
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). While it is possible to reference interfering cell power against Noc in advanced receiver test cases (cf. calculations in [12]), our preference would be to introduce and explicitly refer to DIPs (as done for HSPA type 3i test cases) mainly for consistency with the work accomplished in RAN4 during the study item (cf. 3GPP TR 36.829 [13]) and work item.
In a similar way as for HSPA Type 3i in TS 25.101 [14], we propose to introduce a new quantity 
[image: image2.wmf]´

oc

N

 in Section 3.2 of TS 36.101 and define it as:
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The power spectral density (average power per RE normalised to the subcarrier spacing) of the summation of the received power spectral densities of the strongest interfering cells explicitly defined in a test procedure plus 
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 , as measured at the UE antenna connector. The respective power spectral density of each interfering cell relative to Noc’ is defined by its associated DIP value.
Then, in each test case parameterization, each interfering cell power is characterized by its associated DIP referenced against
[image: image5.wmf]´

oc

N

. Alternatively, the quantity 
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 could be refined instead. The drawback is that 
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is somewhat vague as it refers to total noise and interference, instead of total power of explicitly modelled interferers and AWGN (Noc).
· PMI/RI variation in interfering cells: During the study item and work item, RAN4 developed models for the inter-cell interference to be applied at link level in terms of time/frequency variation of interferer PMIs and RI. During RAN4#63AH, the following was agreed [5]:

· For the network synchronous test cases:

· In Test 1: Agree on random rank per CQI subband and per subframe (rank-1 is SFBC transmission scheme, rank-2 is large delay CDD)

· In Test 2 & Test3: Agree on random rank & PMI per CQI subband and per subframe in interfering cells
· Frequency granularity of random rank/PMI in interfering cells is 6 PRB in Test 1, Test 2, Test 3
In addition, it was also agreed earlier that PSS/SSS/PBCH/PDCCH/PDSCH physical channels are transmitted in the interfering cell(s) as well as the use of 16QAM modulation in the case of PDSCH transmission. For Test 3, it needs to be clarified whether the interfering cell explicitly transmits CSI-RS or not.
More discussion is needed in RAN4 on how to capture to TS 36.101 the above modelling for the transmission in interfering cell(s). A dedicated Annex is likely the most appropriate (cf. Annex C.5.3 “Test Definition for Enhanced Performance Type 3i” in [14]).
Follow-PMI in serving cell

Test 2 and Test 3 assume that UE recommended wideband PMI transmission is applied in the serving cell. Thus similar approach can be followed for feedback parameterization as in comparable single-cell test cases (e.g. Section 8.2.2.4.1 for TM6 closed-loop rank-1 precoded transmission) with the fields: Precoding granularity, PMI delay, Reporting interval, Reporting mode, CodeBookSubsetRestriction bitmap. 
For Test 3, the use of UE recommended wideband PMI transmission for TM9 is not found in any existing demodulation test case over UE-specific RS since random precoding is assumed there. Hence the field Beamforming Model specified under in Table 8.3.1-1 “Common Test Parameters for User-specific Reference Symbols” needs to be overwritten to reflect that the generic beamforming model in Section B.4.3 is to be used instead of the one in Section B.4.1. The difference is that the precoder is now selected following the UE recommendation instead of randomly, which also needs to be specified among test parameters. Then, the field Precoder update granularity need be set to wideband (i.e 50 PRB) for the serving cell and 6 PRB for the interfering cells.
Network timing assumption

During RAN4#62bis, it was agreed to start a workstream aiming at test case definitions for FDD/TDD under synchronous network assumption. Then, in parallel to the work on requirements for synchronous deployments, investigations on the need for requirements covering asynchronous deployments would continue. A workplan for these studies [9] was discussed during RAN4#63AH and the proposed timeline was agreed. In the eventuality that RAN4 decides to continue with the development of asynchronous requirements, either an additional asynchronous requirement scenario, or mixed synchronous/asynchronous requirements scenario could be introduced into TS 36.101. Alternatively, one of the existing synchronous scenarios could be converted to an asynchronous scenario by using non-zero delay, if this is agreeable in RAN4. 
FRC definitions
During RAN4#63AH no agreement could be reached on further down-selection of MCS in all three demodulation tests. As a consequence, current MCS choices remain the same as agreed in RAN4#63, i.e., Test 1: [MCS#6,#7], Test 2: [MCS#10,#11,#12] and  Test 3: [MCS#7]. Corresponding transport block sizes (TBS) were computed in [6]

 REF _Ref330997623 \r \h 
[7]. Once the final down-selection of MCS is made, these TBS may serve as a basis for CRs introducing fixed reference channel (FRC) definitions to TS 36.101 for both FDD and TDD.
Test point definition and geometry definition
The agreement reached during RAN4#63AH consists in having a test point at [70%] relative throughput and setting the requirements in terms of maximum geometry at the test point. Similar methodology is used so far in all RAN4 demodulation tests, the only difference being that existing test cases specify the test point in terms of serving cell SNR (
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) whereas for advanced receiver test cases the requirements need to be set in terms of serving cell geometry or equivalently SINR. Given that the new quantity 
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needs to be introduced (cf. previous description), the serving cell geometry in advanced receiver requirement scenarios is expressed as
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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 TS 36.101 assume Noc at the antenna port equal to Noc=-98dBm/15kHz, we propose to adopt the same value for advanced receiver demodulation tests. 
Text proposal for FDD

A text proposal to TS 36.101 introducing network synchronous advanced receiver FDD demodulation test cases is provided in Annex and implements the previously discussed aspects.
TDD

This contribution focuses on the introduction of advanced receiver test cases for FDD. Similar approach can be followed for TDD and we invite companies to provide input on the introduction of requirement scenarios for TDD.
3
Conclusion
In this contribution we made a preliminary analysis prior to the introduction of advanced receiver demodulation requirement scenarios to TS 36.101 for FDD. A text proposal for discussion during RAN4#64 is provided in Annex.
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3.2
Symbols
…
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The power spectral density (average power per RE normalised to the subcarrier spacing) of the summation of the received power spectral densities of the strongest interfering cells explicitly defined in a test procedure plus 
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 , as measured at the UE antenna connector. The respective power spectral density of each interfering cell relative to Noc’ is defined by its associated DIP value.

…

—————————————————— NEXT MODIFICATION ——————————————————
8.2.1.2.4
Type-A Enhanced Requirement - 2 Tx Antenna Ports
The requirements are specified in Table 8.2.1.2.4-2, with the addition of parameters in Table 8.2.1.2.4-1 and the downlink physical channel setup according to Annex C.3.2. The purpose is to verify the performance of transmit diversity (SFBC) with 2 transmit antennas when the PDSCH transmission in the serving cell is interfered by two dominant interfering cells applying transmission mode 3. In Table 8.2.1.2.4-1, Cell 1 is the serving cell, and Cell 2, 3 are interfering cells. The downlink physical channel setup is according to Annex C.3.2 for each of Cell 1, Cell 2 and Cell 3, respectively.
Table 8.2.1.2.4-1: Test Parameters for Transmit diversity Performance (FRC)

	Parameter
	Unit
	Cell 1
	Cell 2
	Cell 3

	Downlink power allocation
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	dB
	-3
	-3
	-3
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	dB
	-3 (Note 1)
	-3
	-3
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at antenna port
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	dBm/15kHz
	[-98]
	N/A
	N/A

	Dominant interferer proportion (Note 2)
	dB
	 N/A
	-1.73
	-8.66
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	dB
	Reference Value in Table 8.2.1.2.4-2
	N/A
	N/A

	BWChannel
	MHz
	10
	10
	10

	Cell Id
	
	0
	1
	2

	Number of control OFDM symbols
	
	2
	2
	2

	Note 1:
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Note 2: 
The respective received power spectral density of each interfering cell relative to 
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 is defined by its associated DIP value.
Note 3:
Cell 1 is the serving cell. Cell 2, 3 are the interfering cells. The number of the CRS ports in Cell 1, Cell 2 and Cell 3 is the same.
Note 4: 
All cells are time-synchronous.


Table 8.2.1.2.4-2: Minimum Performance Transmit Diversity (FRC)
	Test Number
	Reference Channel 
	OCNG Pattern
	Propagation Conditions
	Correlation Matrix and Antenna Configuration
	Reference Value
	UE Category

	
	
	Cell 1
	Cell 2
	Cell 3
	Cell 1
	Cell 2
	Cell 3
	
	Fraction of Maximum Throughput (%)
	SINR (dB) (Note)
	

	1
	TBD
	TBD
	TBD
	TBD
	EVA70
	EVA70
	EVA70
	2x2 [Low]
	[70]
	TBD
	[2-8]

	Note 1:
The propagation conditions for Cell 1, Cell 2 and Cell 3 are statistically independent.

Note 2:
SINR corresponds to 
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—————————————————— NEXT MODIFICATION ——————————————————

8.2.1.4.1B
Type A Enhanced Requirement - Single-Layer Spatial Multiplexing 2 Tx Antenna Port

The requirements are specified in Table 8.2.1.4.1B-2, with the addition of the parameters in Table 8.2.1.4.1B-1 and the downlink physical channel setup according to Annex C.3.2. The purpose of these tests is to verify the closed loop rank-one performance with wideband precoding with two transmit antennas when the PDSCH transmission in the serving cell is interfered by two dominant interfering cells applying transmission mode 4. In Table 8.2.1.4.1B-1, Cell 1 is the serving cell, and Cell 2, 3 are interfering cells. The downlink physical channel setup is according to Annex C.3.2 for each of Cell 1, Cell 2 and Cell 3, respectively.
Table 8.2.1.4.1B-1: Test Parameters for Single-Layer Spatial Multiplexing (FRC)
	Parameter
	Unit
	Cell 1
	Cell 2
	Cell 3

	Downlink power allocation
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	dB
	-3
	-3
	-3

	
	
[image: image22.wmf]B

r


	dB
	-3 (Note 1)
	-3
	-3
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at antenna port
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	dBm/15kHz
	[-98]
	N/A
	N/A

	Dominant interferer proportion (Note 2)
	dB
	 N/A
	-1.73
	-8.66
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	dB
	Reference Value in Table 8.2.1.4.1B-2
	N/A
	N/A

	BWChannel
	MHz
	10
	10
	10

	Cell Id
	
	0
	1
	2

	Number of control OFDM symbols
	
	2
	2
	2

	Precoding granularity
	PRB
	6
	6
	6

	PMI delay (Note 4)
	ms
	8
	N/A
	N/A

	Reporting interval
	ms
	5
	N/A
	N/A

	Reporting mode
	
	[TBD]
	N/A
	N/A

	CodeBookSubsetRestriction bitmap
	
	001111
	N/A
	N/A

	Note 1:
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Note 2: 
The respective received power spectral density of each interfering cell relative to 
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 is defined by its associated DIP value.
Note 3:
Cell 1 is the serving cell. Cell 2, 3 are the interfering cells. The number of the CRS ports in Cell 1, Cell 2 and Cell 3 is the same.
Note 4: 
If the UE reports in an available uplink reporting instance at subrame SF#n based on PMI estimation at a downlink SF not later than SF#(n-4), this reported PMI cannot be applied at the eNB downlink before SF#(n+4).
Note 5: 
All cells are time-synchronous.


Table 8.2.1.4.1B-2: Minimum performance Single-Layer Spatial Multiplexing (FRC) 
	Test Number
	Reference Channel 
	OCNG Pattern
	Propagation Conditions
	Correlation Matrix and Antenna Configuration
	Reference Value
	UE Category

	
	
	Cell 1
	Cell 2
	Cell 3
	Cell 1
	Cell 2
	Cell 3
	
	Fraction of Maximum Throughput (%)
	SINR (dB) (Note)
	

	1
	TBD
	TBD
	TBD
	TBD
	EVA5
	EVA5
	EVA5
	2x2 Low
	[70]
	TBD
	[2-8]

	Note 1:
The propagation conditions for Cell 1, Cell 2 and Cell 3 are statistically independent.

Note 2:
SINR corresponds to 
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—————————————————— NEXT MODIFICATION ——————————————————

8.3.1.1A
Type A Enhanced Requirement - Single-layer Spatial Multiplexing
The requirements are specified in Table 8.3.1.1A-2, with the addition of the parameters in Table 8.3.1.1A-1 and the downlink physical channel setup according to Annex C.3.2. The purpose of these tests is to verify rank-1 performance on one of the antenna ports 7 or 8 without a simultaneous transmission on the other antenna port in the serving cell when the PDSCH transmission in the serving cell is interfered by one dominant interfering cell applying transmission mode 9. In 8.3.1.1A-1, Cell 1 is the serving cell, and Cell 2, 3 are interfering cells. The downlink physical channel setup is according to Annex C.3.2 for each of Cell 1, Cell 2 and Cell 3, respectively.
Table 8.3.1.1A-1: Test Parameters for Testing CDM-multiplexed DM RS (single layer)
	parameter
	Unit
	Cell 1
	Cell 2

	Downlink power allocation
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	dB
	0
	0
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	dB
	0 (Note 1)
	0

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

	CSI reference signals
	
	Antenna ports 15,…,18
	 [TBD]

	CSI-RS periodicity and subframe offset          TCSI-RS / ICSI-RS
	Subframes
	5 / 2
	 [TBD]

	CSI reference signal configuration
	
	0
	 [TBD]]
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at antenna port
	dBm/15kHz
	-98
	N/A

	Dominant interferer proportion (Note 2)
	dB
	 N/A
	-1.73
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	dB
	Reference Value in Table 8.3.1.1A-2
	N/A

	BWChannel
	MHz
	10
	10

	Cell Id
	
	0
	[3]

	Number of control OFDM symbols
	
	2
	2

	Beamforming model
	
	As specified in Section B.4.3
	[TBD]

	Precoder update granularity
	PRB
	50
	6

	PMI delay (Note 4)
	ms
	8
	N/A

	Reporting interval
	ms
	5
	N/A

	Reporting mode
	
	[TBD]
	N/A

	CodeBookSubsetRestriction bitmap
	
	0000000000000000000000000000000000000000000000001111111111111111
	N/A

	Symbols for unused PRBs
	
	OCNG (Note 4)
	N/A

	Number of allocated resource blocks (Note 3)
	PRB
	50
	

	Simultaneous transmission
	
	No simultaneous transmission on the other antenna port in (7 or 8) not used for the input signal under test
	N/A

	Note 1:
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Note 2: 
The respective received power spectral density of each interfering cell relative to 
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 is defined by its associated DIP value.
Note 3:
The modulation symbols of the signal under test are mapped onto antenna port 7 or 8.

Note 4:
These physical resource blocks are assigned to an arbitrary number of virtual UEs with one PDSCH per virtual UE; the data transmitted over the OCNG PDSCHs shall be uncorrelated pseudo random data, which is QPSK modulated.
Note 5: 
All cells are time-synchronous.


Table 8.3.1.1A-2: Minimum performance for CDM-multiplexed DM RS
	Test Number
	Reference Channel 
	OCNG Pattern
	Propagation Conditions
	Correlation Matrix and Antenna Configuration
	Reference Value
	UE Category

	
	
	Cell 1
	Cell 2
	Cell 1
	Cell 2
	
	Fraction of Maximum Throughput (%)
	SINR (dB) (Note)
	

	1
	TBD
	TBD
	TBD
	EVA5
	EVA5
	4x2 Low
	[70]
	TBD
	[1-8]

	Note 1:
The propagation conditions for Cell 1 and Cell 2 are statistically independent.

Note 2:
SINR corresponds to 
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 of Cell 1.
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