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1. Introduction
The revised framework for the CSI reporting accuracy performance requirements on eDL-MIMO was agreed in [1]. In the present contribution we address the channel feedback settings.

The suggested modifications are provided in Annex A - I.

2. Channel feedback in the TM9 CSI test cases
The following principles are assumed in the design of the feedback modes:
· 
The reporting delay should be minimized in order to maximize the sensitiveness of given test against inaccurate CSI reporting, however respecting the minimum processing times at the UE and eNB.

· 
The collisions between HARQ-ACK and CSI in the test cases utilizing periodic CQI reporting can be handled by piggybacking both quantities on PUSCH. It should be noted that the intention of these tests is not sacrificed, as the periodic reporting format still applies despite of the used physical channel (that is PUSCH).
In TM9, the channel part of the CSI is estimated based on the CSI-RS, which is transmitted at a period of 5 ms, unlike CRS, which is transmitted at a period of 1 ms. Hence some specific consideration is needed regarding:
· 
Although not mandated in 36.213, the CSI-RS and the CQI reference resource should preferably occur at the same subframe as to minimize the reporting delay.
The reporting configurations proposed in [1] are analysed in the following sections, recommending changes where appropriate.
2.1. CQI reporting under AWGN conditions (FDD)

The CSI and HARQ feedback as agreed in [1] are illustrated in Table 1 below:
Table 1 – CSI and HARQ feedback in the AWGN FDD test: as given in [1]
	Subframe
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	PUCCH Format 1b (HARQ-ACK)
	H
	H
	H
	H
	
	H
	H
	H
	H
	
	H
	H
	H
	H
	
	H
	H
	H
	H
	

	CSI-RS
	
	RS
	
	
	
	
	RS
	
	
	
	
	RS
	
	
	
	
	RS
	
	
	

	CSI reference subframe
	
	REF
	
	
	
	
	REF
	
	
	
	
	REF
	
	
	
	
	REF
	
	
	

	PUCCH Format 2 (type 2: CQI/PMI)
	CSI
	
	
	
	
	CSI
	
	
	
	
	CSI
	
	
	
	
	CSI
	
	
	
	

	PUCCH Format 2 (type 3: RI)
	
	
	
	
	RI
	
	
	
	
	RI
	
	
	
	
	RI
	
	
	
	
	RI


The following problem is identified:

· 

All CQI and PMI reports are dropped due to collisions with HARQ-ACK at subframes #0 and #5.

This issue could be solved by multiple ways, including:

· 
Adopt the same CSI reporting configuration as in Rel-8 (ICSI-RS = 4, ICQI/PMI = 6), acknowledging that the CSI-RS does not coincide with the reference resource (CSI-RS is sent one SF earlier).

· 
Skip the PDSCH scheduling at subframes 1 and 6 hence avoiding collisions with HARQ-ACK at subframes #0 and #5.

· 
Schedule an uplink DCI at subframes 1 and 6 in order to multiplex CQI/PMI with HARQ-ACK at subframes #0 and #5.
In order to minimize the reporting delay and not to increase the test length, our recommendation would be the last option, illustrated in Table 2 below:
Table 2 – CSI and HARQ feedback in the AWGN FDD test: proposed configuration
	Subframe
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	PUCCH Format 1b (HARQ-ACK)
	H
	H
	H
	H
	
	H
	H
	H
	H
	
	H
	H
	H
	H
	
	H
	H
	H
	H
	

	CSI-RS
	
	RS
	
	
	
	
	RS
	
	
	
	
	RS
	
	
	
	
	RS
	
	
	

	CSI reference subframe
	
	REF
	
	
	
	
	REF
	
	
	
	
	REF
	
	
	
	
	REF
	
	
	

	PDCCH (DCI format 0)
	
	DCI
	
	
	
	
	DCI
	
	
	
	
	DCI
	
	
	
	
	DCI
	
	
	

	PUSCH (type 2 periodic report: CQI/PMI)
	CSI
	
	
	
	
	CSI
	
	
	
	
	CSI
	
	
	
	
	CSI
	
	
	
	

	PUCCH Format 2 (type 3: RI)
	
	
	
	
	RI
	
	
	
	
	RI
	
	
	
	
	RI
	
	
	
	
	RI


2.2. CQI reporting under AWGN conditions (TDD)

The configuration proposed in [1] seems to be fine and no further changes are needed.
2.3. CQI reporting under fading conditions, frequency non-selective scheduling mode (FDD)

The CSI and HARQ feedback as agreed in [1] are illustrated in Table 3 below:
Table 3 – CSI and HARQ feedback in the frequency non-selective CQI test for FDD: as given in [1]
	Subframe
	0
	1
	2
	3
	4
	5
	6
	7
	8
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	0

	PUCCH Format 1a (HARQ-ACK)
	H
	H
	H
	H
	
	H
	H
	H
	H
	
	H
	H
	H
	H
	
	H
	H
	H
	H
	

	CSI-RS
	
	RS
	
	
	
	
	RS
	
	
	
	
	RS
	
	
	
	
	RS
	
	
	

	CSI reference subframe
	
	REF
	
	
	
	
	REF
	
	
	
	
	REF
	
	
	
	
	REF
	
	
	

	PDCCH (DCI format 0)
	
	DCI
	
	DCI
	
	
	
	DCI
	
	DCI
	
	DCI
	
	DCI
	
	
	
	DCI
	
	DCI

	PUSCH
	
	X
	
	X
	
	X
	
	X
	
	
	
	X
	
	X
	
	X
	
	X
	
	

	PUCCH Format 2 (type 4: CQI)
	CSI
	
	
	
	
	CSI
	
	
	
	
	CSI
	
	
	
	
	CSI
	
	
	
	

	PUCCH Format 2 (type 3: RI)
	
	
	
	
	RI
	
	
	
	
	RI
	
	
	
	
	RI
	
	
	
	
	RI


The following problems are identified:

· 
Incorrect report type for CQI/PMI (should be type 2).
· 
The CQI reports at subframes #0 are dropped due to collisions with HARQ-ACK.

· 
There is no point of scheduling the PUSCH at subframes #1, #3, #5, and #7, considering a reporting pediod of 5 ms. Note that such configuration is needed in some Rel-8/9 CSI test cases to support Np = 2 ms. 
Basically, the same options can be used to fix these above problems as for the AWGN test (see Section 2.1). Hence the configuration depicted in Table 2 is proposed as a way forward:
· 
Schedule an uplink DCI at subframes 1 and 6 in order to multiplex CQI/PMI with HARQ-ACK at subframes #0 and #5.
2.4. CQI reporting under fading conditions, frequency non-selective scheduling mode (TDD)

The CSI and HARQ feedback as agreed in [1] are illustrated in Table 4 below:

Table 4 – CSI and HARQ feedback in the frequency non-selective CQI test for TDD: as given in [1]
	Subframe
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	UL/DL configuration 2
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	PUCCH Format 1b (HARQ-ACK)
	
	
	H
	
	
	
	
	H
	
	
	
	
	H
	
	
	
	
	H
	
	

	CSI-RS
	
	
	
	RS
	
	
	
	
	RS
	
	
	
	
	RS
	
	
	
	
	RS
	

	CSI reference subframe
	
	
	
	REF
	
	
	
	
	REF
	
	
	
	
	REF
	
	
	
	
	REF
	

	PDCCH (DCI format 0)
	
	DCI
	
	DCI
	
	
	
	DCI
	
	DCI
	
	DCI
	
	DCI
	
	
	
	DCI
	
	DCI

	PUSCH
	
	X
	
	X
	
	X
	
	X
	
	
	
	X
	
	X
	
	X
	
	X
	
	

	PUCCH Format 2 (type 4: CQI)
	
	
	CSI
	
	
	
	
	CSI
	
	
	
	
	CSI
	
	
	
	
	CSI
	
	

	PUCCH Format 2 (type 3: RI)
	
	
	RI
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


The following problems are identified:

· 
Incorrect report type for CQI/PMI (should be type 2).
· 
The CQI reports at subframes #2 are dropped due to collisions with HARQ-ACK. Note that the CQI is (intentionally) dropped at subframes #2 when the RI is reported at this subframe.

· 
The PUSCH is scheduled at downlink subframes #3 and #5 and at the special subframe #1.
To overcome these issues, the same configuration could be adopted as for the AWGN TDD test, illustrated in Table 5 below:
Table 5 – CSI and HARQ feedback in the frequency non-selective CQI test for TDD: proposed configuration
	Subframe
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	UL/DL configuration 2
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	PUCCH Format 1b (HARQ-ACK)
	
	
	H
	
	
	
	
	H
	
	
	
	
	H
	
	
	
	
	H
	
	

	CSI-RS
	
	
	
	RS
	
	
	
	
	RS
	
	
	
	
	RS
	
	
	
	
	RS
	

	CSI reference subframe
	
	
	
	REF
	
	
	
	
	REF
	
	
	
	
	REF
	
	
	
	
	REF
	

	PDCCH (DCI format 0)
	
	
	
	DCI
	
	
	
	
	DCI
	
	
	
	
	DCI
	
	
	
	
	DCI
	

	PUSCH (type 2 periodic report: CQI/PMI)
	
	
	CSI
	
	
	
	
	CSI
	
	
	
	
	CSI
	
	
	
	
	CSI
	
	

	PUCCH Format 2 (type 3: RI)
	
	
	RI
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


2.5. CQI reporting under fading conditions, frequency selective scheduling mode (FDD)

The CSI and HARQ feedback as agreed in [1] are illustrated in Table 6 below:

Table 6 – CSI and HARQ feedback in the frequency frequency selective CQI test for FDD: as given in [1]
	Subframe
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	PUCCH Format 1a (HARQ-ACK)
	H
	H
	H
	H
	
	H
	H
	H
	H
	
	H
	H
	H
	H
	
	H
	H
	H
	H
	

	CSI-RS
	
	RS
	
	
	
	
	RS
	
	
	
	
	RS
	
	
	
	
	RS
	
	
	

	CSI reference subframe
	REF
	
	
	
	
	REF
	
	
	
	
	REF
	
	
	
	
	REF
	
	
	
	

	PDCCH (DCI format 0)
	DCI
	
	
	
	
	DCI
	
	
	
	
	DCI
	
	
	
	
	DCI
	
	
	
	

	PUSCH (CQI/PMI/RI)
	
	
	
	
	CSI
	
	
	
	
	CSI
	
	
	
	
	CSI
	
	
	
	
	CSI


The following problems are identified:

· 
There is unnecessarily long reporting delay (12 ms) due to the misalignment of the CSI-RS and the reference resource. 

· 
The meaning of the “CSI offset = 4” is not clear because no such parameter is defined in the 3GPP specifications. 
The reporting delay can be reduced to 8 ms by reverting to the configuration depicted below. The CSI scheduling should be defined in terms of subframes with uplink DCI scheduling (CSI request field set to trigger an aperiodic report) to avoid any misunderstanding in the test setup.
Table 7 – CSI and HARQ feedback in the frequency selective CQI test for FDD: proposed configuration
	Subframe
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	PUCCH Format 1a (HARQ-ACK)
	H
	H
	H
	H
	
	H
	H
	H
	H
	
	H
	H
	H
	H
	
	H
	H
	H
	H
	

	CSI-RS
	
	RS
	
	
	
	
	RS
	
	
	
	
	RS
	
	
	
	
	RS
	
	
	

	CSI reference subframe
	
	REF
	
	
	
	
	REF
	
	
	
	
	REF
	
	
	
	
	REF
	
	
	

	PDCCH (DCI format 0)
	
	DCI
	
	
	
	
	DCI
	
	
	
	
	DCI
	
	
	
	
	DCI
	
	
	

	PUSCH (CQI/PMI/RI)
	CSI
	
	
	
	
	CSI
	
	
	
	
	CSI
	
	
	
	
	CSI
	
	
	
	


2.6. CQI reporting under fading conditions, frequency selective scheduling mode (TDD)

The CSI and HARQ feedback as agreed in [1] are illustrated in Table 8 below:

Table 8 – CSI and HARQ feedback in the frequency frequency selective CQI test for TDD: as given in [1]
	Subframe
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	UL/DL configuration 2
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	PUCCH Format 1b (HARQ-ACK)
	
	
	H
	
	
	
	
	H
	
	
	
	
	H
	
	
	
	
	H
	
	

	CSI-RS
	
	
	
	
	RS
	
	
	
	
	RS
	
	
	
	
	RS
	
	
	
	
	RS

	CSI reference subframe
	
	
	
	REF
	
	
	
	
	REF
	
	
	
	
	REF
	
	
	
	
	REF
	

	PDCCH (DCI format 0)
	
	
	
	DCI
	
	
	
	
	DCI
	
	
	
	
	DCI
	
	
	
	
	DCI
	

	PUSCH (CQI/PMI/RI)
	
	
	CSI
	
	
	
	
	CSI
	
	
	
	
	CSI
	
	
	
	
	CSI
	
	


The following problems are identified:

· 
There is unnecessarily long reporting delay (14 ms) due to the misalignment of the CSI-RS and the reference resource. 

· 
The meaning of the “CSI offset = 2” is not clear because no such parameter is defined in the 3GPP specifications. 

The reporting delay can be reduced to 10 ms by reverting to the configuration depicted below. The CSI scheduling should be defined in terms of subframes with uplink DCI scheduling (CSI request field set to trigger an aperiodic report) to avoid any misunderstanding in the test setup.
Table 9 – CSI and HARQ feedback in the frequency selective CQI test for TDD: proposed configuration
	Subframe
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	UL/DL configuration 2
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	PUCCH Format 1b (HARQ-ACK)
	
	
	H
	
	
	
	
	H
	
	
	
	
	H
	
	
	
	
	H
	
	

	CSI-RS
	
	
	
	RS
	
	
	
	
	RS
	
	
	
	
	RS
	
	
	
	
	RS
	

	CSI reference subframe
	
	
	
	REF
	
	
	
	
	REF
	
	
	
	
	REF
	
	
	
	
	REF
	

	PDCCH (DCI format 0)
	
	
	
	DCI
	
	
	
	
	DCI
	
	
	
	
	DCI
	
	
	
	
	DCI
	

	PUSCH (CQI/PMI/RI)
	
	
	CSI
	
	
	
	
	CSI
	
	
	
	
	CSI
	
	
	
	
	CSI
	
	


2.7. Reporting of Precoding Matrix Indicator (FDD)

The same problems apply here as for the frequency selective CQI (see section 2.5). The reporting should be hence modified as depicted in Table 7, scheduling an uplink DCI format with a CSI request field set to trigger an aperiodic report at subframes #1 and #6. 
2.8. Reporting of Precoding Matrix Indicator (TDD)

The CSI and HARQ feedback as agreed in [1] are illustrated in Table 10 below:

Table 10 – CSI and HARQ feedback in the PMI test for TDD: as given in [1]
	Subframe
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	UL/DL configuration 1
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	PUCCH Format 1b (HARQ-ACK)
	
	
	H
	H
	
	
	
	H
	H
	
	
	
	H
	H
	
	
	
	H
	H
	

	CSI-RS
	
	
	
	
	RS
	
	
	
	
	RS
	
	
	
	
	RS
	
	
	
	
	RS

	CSI reference subframe
	REF
	
	
	
	
	REF
	
	
	
	
	REF
	
	
	
	
	REF
	
	
	
	

	PDCCH (DCI format 0)
	DCI
	
	
	
	
	DCI
	
	
	
	
	DCI
	
	
	
	
	DCI
	
	
	
	

	PUSCH (CQI/PMI/RI)
	
	
	
	
	CSI
	
	
	
	
	CSI
	
	
	
	
	CSI
	
	
	
	
	CSI


The following problem is identified:

· 
The  CSI is scheduled at downlink subframes.

This problem can be fixed by scheduling an uplink DCI (with CSI trigger turned on) at subframes #4 and #9, as depicted in Table 11 below. 
Table 11 – CSI and HARQ feedback in the PMI test for TDD: proposed configuration
	Subframe
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	UL/DL configuration 1
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	PUCCH Format 1b (HARQ-ACK)
	
	
	H
	H
	
	
	
	H
	H
	
	
	
	H
	H
	
	
	
	H
	H
	

	CSI-RS
	
	
	
	
	RS
	
	
	
	
	RS
	
	
	
	
	RS
	
	
	
	
	RS

	CSI reference subframe
	
	
	
	
	REF
	
	
	
	
	REF
	
	
	
	
	REF
	
	
	
	
	REF

	PDCCH (DCI format 0)
	
	
	
	
	DCI
	
	
	
	
	DCI
	
	
	
	
	DCI
	
	
	
	
	DCI

	PUSCH (CQI/PMI/RI)
	
	
	
	CSI
	
	
	
	
	CSI
	
	
	
	
	CSI
	
	
	
	
	CSI
	


2.9. Reporting of Rank Indicator (FDD)

The CSI and HARQ feedback as agreed in [1] are illustrated in Table 12 below:

Table 12 – CSI and HARQ feedback in the RI test for FDD: as given in [1]
	Subframe
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	PUCCH Format 1b (HARQ-ACK)
	H
	H
	H
	H
	
	H
	H
	H
	H
	
	H
	H
	H
	H
	
	H
	H
	H
	H
	

	CSI-RS
	
	RS
	
	
	
	
	RS
	
	
	
	
	RS
	
	
	
	
	RS
	
	
	

	CSI reference subframe
	REF
	
	
	
	
	REF
	
	
	
	
	REF
	
	
	
	
	REF
	
	
	
	

	PDCCH (DCI format 0)
	
	
	
	
	DCI
	
	
	
	
	DCI
	
	
	
	
	DCI
	
	
	
	
	DCI

	PUCCH Format 2 (type 2: CQI/PMI)
	
	
	
	
	CSI
	
	
	
	
	CSI
	
	
	
	
	CSI
	
	
	
	
	CSI

	PUSCH (type 3 periodic report: RI)
	
	
	
	RI
	
	
	
	
	RI
	
	
	
	
	RI
	
	
	
	
	RI
	


The following problem is identified:

· 
There is unnecessarily long reporting delay (12 ms) due to the misalignment of the CSI-RS and the reference resource. 

This problem can be fixed by adopting the same configuration as for the AWGN 1-1 test (see Section 2.1) i.e. scheduling an uplink DCI format at subframes #1 and #6 with ICQI/PMI = 6.
2.10. Reporting of Rank Indicator (TDD)

The CSI and HARQ feedback as agreed in [1] are illustrated in Table 13 below:

Table 13 – CSI and HARQ feedback in the RI test for TDD: as given in [1]
	Subframe
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	UL/DL configuration 2
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	PUCCH Format 1b (2-bit HARQ-ACK)
	
	
	H
	
	
	
	
	H
	
	
	
	
	H
	
	
	
	
	H
	
	

	CSI-RS
	
	
	
	RS
	
	
	
	
	RS
	
	
	
	
	RS
	
	
	
	
	RS
	

	CSI reference subframe
	
	
	
	REF
	
	
	
	
	REF
	
	
	
	
	REF
	
	
	
	
	REF
	

	PDCCH (DCI format 0)
	
	
	
	DCI
	
	
	
	
	DCI
	
	
	
	
	DCI
	
	
	
	
	DCI
	

	PUSCH (CQI/PMI/RI)
	
	
	CSI
	
	
	
	
	CSI
	
	
	
	
	CSI
	
	
	
	
	CSI
	
	


While the above configuration is fine as such, it could be considered whether the reporting mode (aperiodic reporting) should be aligned with the FDD case (periodic reporting). This could be accomplished by changing the uplink-downlink configuration from 2 to 1, hence allowing the RI to be reported at uplink subframes #2 and #7 and the CSI to be reported at subframes #3 and #8 (on PUSCH). The downside of this approach would be the increased test time, although it it can be expected that the test time is more dependent on the fading profile rather than the number of received ACK/NACKs (downlink subframes). The proposed configuration is depicted in Table 14 below.
Table 14 – CSI and HARQ feedback in the RI test for TDD: proposed configuration
	Subframe
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	UL/DL configuration 1
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	PUCCH Format 1b (HARQ-ACK)
	
	
	
	H
	
	
	
	
	H
	
	
	
	
	H
	
	
	
	
	H
	

	CSI-RS
	
	
	
	
	RS
	
	
	
	
	RS
	
	
	
	
	RS
	
	
	
	
	RS

	CSI reference subframe
	
	
	
	
	REF
	
	
	
	
	REF
	
	
	
	
	REF
	
	
	
	
	REF

	PDCCH (DCI format 0)
	
	
	
	
	DCI
	
	
	
	
	DCI
	
	
	
	
	DCI
	
	
	
	
	DCI

	PUSCH (type 2 periodic report: CQI/PMI)
	
	
	
	CSI
	
	
	
	
	CSI
	
	
	
	
	CSI
	
	
	
	
	CSI
	

	PUCCH Format 2 (type 3: RI)
	
	
	RI
	
	
	
	
	RI
	
	
	
	
	RI
	
	
	
	
	RI
	
	


3. Conclusions

In the present contribution we address the CSI reporting in TM9 CSI test cases. Based on the analysis in Section 2, various corrections on the reporting parameters are recommended for the CQI, PMI, and RI test cases. These modifications are proposed to be incorporated in the next revision of the framework for the CSI reporting accuracy performance requirements on eDL MIMO.
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Annex A – AWGN test (FDD)
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	9

	Downlink power allocation
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	dB
	-3
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	dB
	-3

	
	
[image: image3.wmf]c

P


	dB
	-3

	Cell-specific reference signals
	
	Antenna ports 0, 1

	CSI reference signals
	
	Antenna ports 15,…,18

	CSI-RS periodicity and subframe offset
TCSI-RS / ICSI-RS
	
	[5/1]

	CSI-RS reference signal configuration
	
	[0]

	Propagation condition and antenna configuration
	
	4x2 static channel

	CodeBookSubsetRestriction bitmap
	
	[0x0000 0000 0100 0000]

	SNR (Note 2)
	dB
	TBD
	TBD
	TBD
	TBD
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	dB[mW/15kHz]
	TBD
	TBD
	TBD
	TBD
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N


	dB[mW/15kHz]
	-98
	-98

	Max number of HARQ transmissions
	
	1

	Physical channel for CQI/PMI reporting
	
	PUSCH (Note 3)

	PUCCH Report Type for CQI/PMI
	
	2

	Physical channel for RI reporting
	
	PUCCH Format 2

	PUCCH Report Type for RI
	
	3

	Reporting periodicity 
	ms
	Npd = 5

	CQI delay
	ms
	8

	cqi-pmi-ConfigurationIndex
	
	2

	ri-ConfigIndex
	
	1

	Note 1:
Reference measurement channel according to Table [A.4-X] with one sided dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1.
Note 2:
For each test, the minimum requirements shall be fulfilled for at least one of the two SNR(s) and the respective wanted signal input level.

Note 3:
To avoid collisions between CQI/PMI reports and HARQ-ACK it is necessary to report both on PUSCH instead of PUCCH. PDCCH DCI format 0 shall be transmitted in downlink SF#1 and #6 to allow periodic CQI/PMI to multiplex with the HARQ-ACK on PUSCH in uplink SF#0 and #5.



Annex B – AWGN test (TDD)

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	9

	Uplink downlink configuration
	
	2

	Special subframe configuration
	
	4

	Downlink power allocation
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	-3

	
	
[image: image7.wmf]B

r


	dB
	-3
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P


	dB
	-3

	CRS reference signals
	
	Antenna ports [0, 1]

	CSI reference signals
	
	Antenna ports [15,…,22]

	CSI-RS periodicity and subframe offset
TCSI-RS / ICSI-RS
	
	[5/ 3]

	CSI-RS reference signal configuration
	
	[0]

	Propagation condition and antenna configuration
	
	8x2 static channel

	CodeBookSubsetRestriction bitmap
	
	[0x0000 0000 0020 0000 0000 0001 0000]

	SNR (Note 2)
	dB
	TBD
	TBD
	TBD
	TBD
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	dB[mW/15kHz]
	TBD
	TBD
	TBD
	TBD

	
[image: image10.wmf])

(

j

oc

N


	dB[mW/15kHz]
	-98
	-98

	Max number of HARQ transmissions
	
	1

	Physical channel for CQI/PMI reporting
	
	PUSCH (Note 3)

	PUCCH Report Type for CQI/PMI
	
	2

	Physical channel for RI reporting
	
	PUCCH Format 2

	PUCCH Report Type for RI
	
	3

	Reporting periodicity 
	ms
	Npd = 5

	CQI delay
	ms
	10

	cqi-pmi-ConfigurationIndex
	
	3

	ri-ConfigIndex
	
	805 (Note 4)

	ACK/NACK feedback mode
	
	Multiplexing

	Note 1:
Reference measurement channel according to Table [A.4-X] with one sided dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1.
Note 2:
For each test, the minimum requirements shall be fulfilled for at least one of the two SNR(s) and the respective wanted signal input level.

Note 3:
To avoid collisions between CQI/PMI reports and HARQ-ACK it is necessary to report both on PUSCH instead of PUCCH. PDCCH DCI format 0 shall be transmitted in downlink SF#3 and #8 to allow periodic CQI/PMI to multiplex with the HARQ-ACK on PUSCH in uplink SF#7 and #2..
Note 4:
RI reporting interval is set to the maximum allowable length of 160ms to minimise collisions between RI, CQI/PMI and HARQ-ACK reports. In the case when all three reports collide, it is expected that CQI/PMI reports will be dropped, while RI and HARQ-ACK will be multiplexed. At eNB, CQI report collection shall be skipped every 160ms during performance verification.


Annex C – Frequency non-selective test (FDD)

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	9

	Downlink power allocation
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	SNR (Note 3)
	dB
	TBD
	TBD
	TBD
	TBD
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	dB[mW/15kHz]
	-98
	-98

	Propagation channel
	
	EPA5

	Correlation and antenna configuration
	
	ULA High (4 x 2)

	Cell-specific reference signals
	
	Antenna ports 0,1

	CSI reference signals
	
	Antenna ports 15,…,18

	CSI-RS periodicity and subframe offset
TCSI-RS / ICSI-RS
	
	[5/1]

	CSI-RS reference signal configuration
	
	[2]

	CodeBookSubsetRestriction bitmap
	
	0x0000 0000 0000 0001

	Reporting mode
	
	PUCCH 1-1

	Reporting periodicity
	ms
	Npd = [5]

	CQI delay
	ms
	8

	 Physical channel for CQI/PMI reporting
	
	PUSCH (Note 4)

	PUCCH Report Type for CQI/PMI
	
	2

	Physical channel for RI reporting
	
	PUCCH Format 2

	PUCCH report type for RI
	
	3

	cqi-pmi-ConfigurationIndex
	
	[2]

	ri-ConfigIndex
	
	1

	Max number of HARQ transmissions
	
	1

	Note 1:
If the UE reports in an available uplink reporting instance at subframe SF#n based on CQI estimation at a downlink SF not later than SF#(n-4), this reported wideband CQI cannot be applied at the eNB downlink before SF#(n+4)

Note 2:
Reference measurement channel according to Table A.4-1 for Category 2-5 with one sided dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1 and Table A.4-7 for Category 1 with one/two sided dynamic OCNG Pattern OP.1/2 FDD as described in Annex A.5.1.1/2.

Note 3:
For each test, the minimum requirements shall be fulfilled for at least one of the two SNR(s) and the respective wanted signal input level. 

Note 4:
To avoid collisions between CQI/PMI reports and HARQ-ACK it is necessary to report both on PUSCH instead of PUCCH. PDCCH DCI format 0 shall be transmitted in downlink SF#1 and #6 to allow periodic CQI/PMI to multiplex with the HARQ-ACK on PUSCH in uplink SF#0 and #5.




Annex D – Frequency non-selective test (TDD)

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	9

	Uplink downlink configuration
	
	2

	Special subframe configuration
	
	4

	Downlink power allocation
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	SNR (Note 3)
	dB
	TBD
	TBD
	TBD
	TBD
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	dB[mW/15kHz]
	-98
	-98

	Propagation channel
	
	EPA5

	Correlation and antenna configuration
	
	[XP or ULA High (8 x 2)]

	CRS reference signals
	
	Antenna ports 0, 1

	CSI reference signals
	
	Antenna ports 15,…,22

	CSI-RS periodicity and subframe offset
TCSI-RS / ICSI-RS
	
	[5/ 3]

	CSI-RS reference signal configuration
	
	[2]

	CodeBookSubsetRestriction bitmap
	
	[ 0x0000 0000 0020 0000 0000 0001 0000]

	Reporting mode
	
	PUCCH 1-1 (Sub-mode: TBD)

	Reporting periodicity
	ms
	Npd = [5]

	CQI delay
	ms
	[10]

	 Physical channel for CQI/PMI reporting
	
	PUSCH (Note 4)

	PUCCH Report Type for CQI/PMI
	
	2

	Physical channel for RI reporting
	
	PUCCH Format 2

	PUCCH report type for RI
	
	3

	cqi-pmi-ConfigurationIndex
	
	[3]

	ri-ConfigIndex
	
	805 (Note 5)

	Max number of HARQ transmissions
	
	1

	ACK/NACK feedback mode
	
	Multiplexing

	Note 1:
If the UE reports in an available uplink reporting instance at subframe SF#n based on CQI estimation at a downlink SF not later than SF#(n-4), this reported wideband CQI cannot be applied at the eNB downlink before SF#(n+4)

Note 2:
Reference measurement channel according to Table A.4-1 for Category 2-5 with one sided dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1 and Table A.4-7 for Category 1 with one/two sided dynamic OCNG Pattern OP.1/2 FDD as described in Annex A.5.1.1/2.

Note 3:
For each test, the minimum requirements shall be fulfilled for at least one of the two SNR(s) and the respective wanted signal input level. 

Note 4:
To avoid collisions between CQI/PMI reports and HARQ-ACK it is necessary to report both on PUSCH instead of PUCCH. PDCCH DCI format 0 shall be transmitted in downlink SF#3 and #8 to allow periodic CQI/PMI to multiplex with the HARQ-ACK on PUSCH in uplink SF#2 #7.
Note 5:
RI reporting interval is set to the maximum allowable length of 160ms to minimise collisions between RI, CQI/PMI and HARQ-ACK reports. In the case when all three reports collide, it is expected that CQI/PMI reports will be dropped, while RI and HARQ-ACK will be multiplexed. At eNB, CQI report collection shall be skipped every 160ms during performance verification.



Annex E – Frequency selective test (FDD)

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	9

	Downlink power allocation
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	 SNR (Note 3)
	 dB
	TBD
	TBD
	TBD
	TBD
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	Propagation channel
	
	Clause B.2.4 with 
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	Antenna configuration
	
	4 x 2

	CRS reference signals
	
	Antenna ports 0, 1

	CSI reference signals
	
	Antenna ports 15,…,18

	CSI-RS periodicity and subframe offset
TCSI-RS / ICSI-RS
	
	[5/ 1]

	CSI-RS reference signal configuration
	
	[4]

	CodeBookSubsetRestriction bitmap
	
	0x0000 0000 0000 0001

	Reporting interval (Note 4)
	ms
	5

	
	
	

	CQI delay
	ms
	8

	Reporting mode
	
	PUSCH 3-1

	Sub-band size
	RB
	6 (full size)

	Max number of HARQ transmissions
	
	1

	Note 1:
If the UE reports in an available uplink reporting instance at subframe SF#n based on CQI estimation at a downlink subframe not later than SF#(n-4), this reported subband or wideband CQI cannot be applied at the eNB downlink before SF#(n+4)

Note 2:
Reference measurement channel according to Table A.4-4 with one/two sided dynamic OCNG Pattern OP.1/2 FDD as described in Annex A.5.1.1/2.
Note 3:
For each test, the minimum requirements shall be fulfilled for at least one of the two SNR(s) and the respective wanted signal input level.
Note 4:
PDCCH DCI format 0 with a trigger for aperiodic CQI shall be transmitted in downlink SF#1 and #6 to allow aperiodic CQI/PMI/RI to be transmitted in uplink SF#0 and #5.


Annex F – Frequency selective test (TDD)

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	9

	Uplink downlink configuration
	
	2

	Special subframe configuration
	
	4

	Downlink power allocation
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	Propagation channel
	
	Clause B.2.4 with 
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	Antenna configuration
	
	8 x 2

	CRS reference signals
	
	Antenna port 0,1

	CSI reference signals
	
	Antenna port 15,…,22

	CSI-RS periodicity and subframe offset
TCSI-RS / ICSI-RS
	
	[5/3]

	CSI-RS reference signal configuration
	
	[4]

	CodeBookSubsetRestriction bitmap
	
	[0x0000 0000 0020 0000 0000 0001 0000]

	Reporting interval (Note 4)
	ms
	5

	
	
	

	CQI delay
	ms
	[10]

	Reporting mode
	
	PUSCH 3-1

	Sub-band size
	RB
	6 (full size)

	Max number of HARQ transmissions
	
	1

	ACK/NACK feedback mode
	
	Multiplexing

	Note 1:
If the UE reports in an available uplink reporting instance at subframe SF#n based on CQI estimation at a downlink subframe not later than SF#(n-4), this reported subband or wideband CQI cannot be applied at the eNB downlink before SF#(n+4)

Note 2:
Reference measurement channel according to Table A.4-4 with one/two sided dynamic OCNG Pattern OP.1/2 FDD as described in Annex A.5.1.1/2.
Note 3:
For each test, the minimum requirements shall be fulfilled for at least one of the two SNR(s) and the respective wanted signal input level.
Note 4:
PDCCH DCI format 0 with a trigger for aperiodic CQI shall be transmitted in downlink SF#3 and #8 to allow aperiodic CQI/PMI/RI to be transmitted on uplink SF#2 and #7.


Annex G – PMI tests

	Parameter
	Unit
	Single PMI(FDD)
	Multiple PMI(FDD)
	Single PMI(TDD)
	Multiple PMI(TDD)

	Bandwidth
	MHz
	10
	10
	10
	10

	Transmission mode
	
	9
	9
	9
	9

	Uplink downlink configuration
	
	N/A
	N/A
	1
	1

	Special subframe configuration
	
	N/A
	N/A
	4
	4

	Propagation channel
	
	EPA5
	EVA5
	[EVA5]
	[EVA5]

	Precoding granularity
	PRB
	50
	6
	50
	6

	Correlation and antenna configuration
	
	Low
ULA 4 x 2
	Low
ULA 4 x 2
	[High]
XP 8 x 2
	[High]
XP 8 x 2

	CRS reference signals
	
	Antenna ports 0, 1

	CSI reference signals
	
	Antenna ports 15,…,18
	Antenna ports

15,…,22

	CSI-RS periodicity and subframe offset
TCSI-RS / ICSI-RS
	
	[5/1]
	[5/4]

	CSI-RS reference signal configuration
	
	[6]
	[8]
	[0]
	[4]

	CodeBookSubsetRestriction bitmap
	
	[0x0000 0000 0000 FFFF]
	[0x0000 0000 0000 FFFF]
	[0x000 0000 0001 FFE0 0000 0000 FFFF]
	[0x000 0000 0001 FFE0 0000 0000 FFFF]

	Downlink power allocation
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	dB
	-3
	-3
	-3
	-3

	Reporting mode
	
	PUSCH 3-1
	PUSCH 1-2
	PUSCH 3-1
	PUSCH 1-2

	Reporting interval
	ms
	5 (Note 3)
	5 (Note 3)
	5 (Note 4)
	5 (Note 4)

	 PMI delay 
	ms
	8
	8
	10
	10

	Measurement channel
	
	[Table A.3]
	[Table A.3]
	[Table A.4] 
	[Table A.4]

	OCNG Pattern
	
	OP.1 FDD
	OP.1 FDD
	OP.1 TDD
	OP.1 TDD

	
	
	
	
	
	

	Modulation and Coded rate
	
	[QPSK 1/3]
	[16QAM 1/2]
	[QPSK 1/3]
	[16QAM 1/2]

	Max number of HARQ transmissions
	
	4
	4
	4
	4

	Redundancy version coding sequence
	
	{0,1,2,3}
	{0,1,2,3}
	{0,1,2,3}
	{0,1,2,3}

	ACK/NACK feedback mode
	
	N/A
	N/A
	Multiplexing
	Multiplexing

	Note 1:
For random precoder selection, the precoders shall be updated in each available downlink transmission instance

Note 2:
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 3:
PDCCH DCI format 0 with with a trigger for aperiodic CQI shall be transmitted in downlink SF#1 and #6 to allow aperiodic CQI/PMI/RI to be transmitted in uplink SF#0 and #5.
Note 4:
PDCCH DCI format 0 with with a trigger for aperiodic CQI shall be transmitted in downlink SF#4 and #9 to allow aperiodic CQI/PMI/RI to be transmitted on uplink SF#3 and #8.
Note 3:   PDSCH _RA= 0 dB, PDSCH_RB=  0 dB in order to have the same PDSCH and OCNG power per subcarrier at the receiver



Annex H – RI test (FDD)

	Parameter
	Unit
	Test 1
	Test 2
	Test 3

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	9

	 Downlink power allocation
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	dB
	-3

	
	Pc
	dB
	-3

	Propagation condition and antenna configuration
	
	2 x 2 EPA5

	Cell-specific reference signals
	
	Antenna ports [0]

	CSI reference signals
	
	Antenna ports 15, 16

	CSI-RS periodicity and subframe offset
TCSI-RS / ICSI-RS
	
	[5/1]

	CSI-RS reference signal configuration
	
	[6]

	CodeBookSubsetRestriction bitmap
	
	000011 for fixed RI = 1

010000 for fixed RI = 2

010011 for UE reported RI

	Antenna correlation
	
	Low
	Low
	High

	RI configuration
	
	As per requirement
	As per requirement
	As per requirement

	SNR
	dB
	TBD
	TBD
	TBD
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	TBD
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	Maximum number of HARQ transmissions
	
	1

	Reporting mode
	
	PUCCH 1-1

	Physical channel for CQI/PMI reporting
	
	 PUSCH (Note 3)

	PUCCH Report Type for CQI/PMI
	
	2

	Physical channel for RI reporting
	
	PUCCH Format 2

	PUCCH Report Type for RI
	
	3

	Reporting periodicity 
	ms
	Npd = 5

	PMI and CQI delay
	ms
	8

	cqi-pmi-ConfigurationIndex
	
	6

	ri-ConfigurationInd
	
	1

	Note 1: 
If the UE reports in an available uplink reporting instance at subframe SF#n based on PMI and CQI estimation at a downlink subframe not later than SF#(n-4), this reported PMI and wideband CQI cannot be applied at the eNB downlink before SF#(n+4).
Note 2: 
Reference measurement channel according to Section.2 with one sided dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1.

Note 3:
To avoid collisions between CQI/PMI reports and HARQ-ACK it is necessary to report both on PUSCH instead of PUCCH. PDCCH DCI format 0 shall be transmitted in downlink SF#1 and #6 to allow periodic CQI/PMI to multiplex with the HARQ-ACK on PUSCH in uplink sSF#0 and #5.
Note 4:   PDSCH _RA * number of layer = 0 dB, PDSCH_RB * number of layer =  0 dB in order to have the same PDSCH and OCNG power per subcarrier at the receiver




Annex I – RI test (TDD)

	Parameter
	Unit
	Test 1
	Test 2
	Test 3

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	4

	 Downlink power allocation
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	dB
	-3

	
	Pc
	dB
	-3

	Uplink downlink configuration
	
	1

	Special subframe configuration
	
	4

	Propagation condition and antenna configuration
	
	2 x 2 EPA5

	Cell-specific reference signals
	
	Antenna ports [0]

	CSI reference signals
	
	Antenna ports 15, 16

	CSI-RS reference signal configuration
	
	[4]

	CSI-RS periodicity and subframe offset
TCSI-RS / ICSI-RS
	
	[5/4]

	CodeBookSubsetRestriction bitmap
	
	000011 for fixed RI = 1

010000 for fixed RI = 2

010011 for UE reported RI

	Antenna correlation
	
	Low
	Low
	High

	RI configuration
	
	As per requirement
	As per requirement
	As per requirement

	SNR
	dB
	TBD
	TBD
	TBD
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	Maximum number of HARQ transmissions
	
	1 

	Reporting mode
	
	PUCCH 1-1

	Physical channel for CQI/PMI reporting
	
	PUSCH (Note 3)

	PUCCH Report Type for CQI/PMI
	
	2

	Physical channel for RI reporting
	
	PUCCH Format 2

	Reporting periodicity
	ms
	Npd = 5

	PMI and CQI delay
	ms
	[10]

	ACK/NACK feedback mode
	
	Bundling

	cqi-pmi-ConfigurationIndex
	
	4

	ri-ConfigurationInd
	
	1

	Note 1: 
If the UE reports in an available uplink reporting instance at subframe SF#n based on PMI and CQI estimation at a downlink subframe not later than SF#(n-4), this reported PMI and wideband CQI cannot be applied at the eNB downlink before SF#(n+4).
Note 2: 
Reference measurement channel according to Section A.2 with one sided dynamic OCNG 
Pattern OP.1 TDD as described in Annex A.5.2.1.
Note 3:
To avoid collisions between CQI/PMI reports and HARQ-ACK it is necessary to report both on PUSCH instead of PUCCH. PDCCH DCI format 0 shall be transmitted in downlink SF#4 and #9 to allow periodic CQI/PMI to multiplex with the HARQ-ACK on PUSCH in uplink SF#3 and #8.
Note 3: Reported wideband CQI and PMI are used and sub-band CQI is discarded.
Note 4:   PDSCH _RA * number of layer = 0 dB, PDSCH_RB * number of layer =  0 dB in order to have the same PDSCH and OCNG power per subcarrier at the receiver
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