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1. Introduction
With the completion of RAN1 WI on eFD-MIMO in RAN1 #88 meeting, RAN4 needs to define the performance requirement for the new features introduced in eFD-MIMO and their correponding test plans.

In this contribution, we review the new semi-open loop MIMO transmission introduced in Rel. 14 eFD-MIMO enhancements, and propose a test framework based on their implication to the CSI feedback and demod performance requirement.
2. Semi-Open Loop MIMO Review
In Rel.14 eFD-MIMO, RAN1 has introduced a new eMIMO type of semi-open loop (Semi-OL) transmission for TM9 and TM10 that can be enabled by high layer. Semi-OL MIMO in principal is a new transmission scheme based on the hybrid precoding operation where DMRS-base beamforming is combined with open-loop precoding in order to provide robustness against CSI impairments (such as inter-cell interference or higher-speed UEs). 
Since the PDSCH is precoded/beamformed in a different way and CSI feedback needs to assume such new PDSCH transmission scheme in the derivation of RI/CQI/PMI/CRI, a UE supporting semi-open loop eMIMO feature would require a new set of UE implementation for both PDSCH demodulation and CSI feedback. 
2.1. PDSCH Transmission

Semi-OL MIMO is defined only for rank 1 and rank 2 transmission, and is based on the two DMRS ports of 7 and 8. In semi-OL MIMO, modulated data symbols are first precoded using an open loop scheme of SFBC or co-phasing cycling for rank1 and rank2, respectively, and then further beamformed based on the PMI from Class A or Class B codebook before actual transmission. Detailed open-loop precoding prior to DMRS beamforming is given by [2]
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for rank1 and rank2, respectively, where 
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In the rank1 semi-OL MIMO transmission, SFBC RE pairs are defined within each PRB, and PDSCH is rate-matched around any orphan RE that is not mapped with a SFBC symbol, where an orphan RE for port p is identified as an RE that cannot be paired with any other RE on the same OFDM symbol that is less than three tones away.
Due to the cascaded precoding/beamforming operation in semi-OL MIMO PDSCH transmission, a UE supporting semi-OL MIMO should be able to perform the channel estimation based on the DMRS, followed by the demapping/decoding according to SFBC or co-phase cycling.
2.2. CSI Feedback

For CSI feedback, semi-OL MIMO supports both Class A and Class B codebook. In order to provide robustness in the presence of CSI inaccuracy, UE does not feedback a PMI or i2 in semi-OL MIMO. Actual CSI content reported by UE is summarized in the below Table 1.
Table 1 CSI feedback content for semi-OL MIMO for different codebook [1]
	Codebook
	Reported CSI 

	Dual Stage Codebook
	Class A
	RI, i1, CQI

	
	Class B with K=1 and with 8Tx/alternate 4Tx codebook
	RI, i1, CQI

	
	Class B with K>1 
	CRI, RI, i1, CQI

	Single Stage Codebook
	Class B with K>1 and less than 8 CSI-RS ports
	CRI, RI, CQI

	
	Class B with K=1 and less than 8 CSI-RS ports
	RI, CQI


When deriving RI/CQI (and CRI) for semi-OL MIMO, UE should base its CSI feedback on the underlying PDSCH transmission assumption of SFBC or co-phasing cycling based semi-OL MIMO as specified in Section 2.1. More specifically, for some given beamforming matrix of W(i), PDSCH signal on antenna ports {7,…, 6+P} assumed for the CSI feedback is constructed by Eq.1 and Eq.2 for rank1 and rank2 semi-OL MIMO, respectively [3].
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(Eq.1)
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(Eq.2)
A beamforming matrix W(i) in the above PDSCH signal model depends on the total number of CSI-RS ports as summarized in the Table 2.
Table 2 Beamforming assumption for CSI feedback in Semi-OL MIMO
	Number of CSI-RS ports
	W(i)

	1
	1

	2
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which is 2x2 beamforming matrix for two layers (ν=2) with PMI index 0 as specified in [Table 6.3.4.2.3-1, TS36.211] )

	4
	For the CSI-RS RE’s in the  j-th PRB, W(i) = Ck where
·  k=(j mod 4)+1 and 
· {C1 , C2, C3, C4 } corresponds to the 4x4 beamforming matrices for two layers, given by                                    {
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} as specified in [Table 6.3.4.2.3-2, TS36.211]

	8 and above
	Depends on the reported i1 in actual Class A codebook or Class B with dual stage codebook.
Regardless of i1 value, i2 shall remain fixed based on the codebook subset restriction.


For CSI reporting, P-CSI reporting based on PUCCH 1-1 or 2-1 mode, or AP-CSI reporting based on PUSCH 1-1 or 3-1 mode is supported for semi-OL MIMO. CSI feedback mechanism re-uses Rel.13 approach by dropping i2 (dual stage codebook) or PMI (single state codebook).
3. Test Framework

As discussed in the previous section, the semi-OL MIMO transmission based on the cascaded open-loop precoding followed by DMRS beamforming is expected to affect the UE implementation in the multiple areas including both PDSCH demodulation and CSI feedback. Therefore, it is desirable to define proper test cases to verify the UE functionality in the individual affected areas.
3.1. PDSCH Demodulation Test for Semi-OL MIMO
For PDSCH demodulation performance, the test coverage should include both rank1 and rank2 transmission due to their underlying precoding difference. Regarding the codebook configuration, it is expected that UE’s demodulation implementation for a given beamformed DMRS does not change regardless of the actual codebook the corresponding PMI is derived from. Therefore, we propose to define the PDSCH performance tests only for one codebook. As a particular choice of the codebook, we propose to use the legacy 2Tx codebook in order to minimize any unnecessary complication of the test scenario orthogonal to the actual demodulation performance verification. Overall test procedure based on the random beamforming, and the corresponding performance metric of the minimum SNR to achieve X% of peak throughput can be re-used.
Proposal 1. To define PDSCH demodulation tests for rank1/2 semi-OL MIMO as shown in Table 3. 
Table 3 FDD DMRS-based Semi-OL MIMO PDSCH demodulation performance test case
	parameter
	Unit
	Test 1
	Test 2

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

	
	(
	dB
	-3
	-3

	semiOpenLoop
	
	Enabled

	Beamforming
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	Cell-specific reference signals
	
	Antenna ports 0,1

	Beamforming model
	
	Annex B.4.1
	Annex B.4.1

	CSI reference signals
	
	Antenna ports 15,16
	Antenna ports 15,16

	CSI-RS periodicity and subframe offset
TCSI-RS / ∆CSI-RS 
	Subframes
	5 / 2
	5 / 2

	CSI reference signal configuration
	
	0
	0

	Zero-power CSI-RS configuration

ICSI-RS /
ZeroPowerCSI-RS bitmap 
	Subframes / bitmap
	3 /

0001000000000000
	3 /

0001000000000000

	CodeBookSubsetRestriction bitmap
	
	000001
	010000
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at antenna port
	dBm/15kHz
	-98
	-98

	Symbols for unused PRBs
	
	OCNG (Note 3)
	OCNG (Note 3)

	Number of allocated resource blocks (Note2)
	PRB
	50
	50

	Rank of PDSCH transmission 
	
	1
	2

	Simultaneous transmission
	
	No
	No

	PDSCH transmission mode
	
	9
	9

	Number of MBSFN subframes
	Subframes
	NA
	NA

	Note 1:
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Note 2:
The modulated and either SFBC or co-phasing cycling coded symbols of the signal under test are mapped to both antenna port 7 and 8.

Note 3:
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.


3.2. CSI Feedback Test for Semi-OL MIMO
In general, there are multiple parts of CSI feedback including CQI, RI, PMI, and CRI derivation that may be affected in the semi-OL MIMO transmission scheme. However, considering overall RAN4 work load, it is important to capture only a minimal set of CSI tests that is sufficient to serve the purpose of verifying every critical aspect of the UE implementation. In this regard, our view is that the spectral efficiency (SE) computation is the only critical part of change from UE implementation perspective. The SE in semi-OL MIMO CSI feedback should be computed under the correct PDSCH transmission assumption of SFBC or co-phasing cycling and based on the correct pre-determined fixed PMI or i2. Furthermore, the SE computed based on the new assumptions should faithfully reflect the actual channel condition, without any undesriable bias towards one of the two precoding schemes used for different rank. In the light of these observation, we propose to define a new CQI and RI test cases for semi-OL MIMO such that the SE computation of a UE supporting semi-OL MIMO can be collectively verified both within each rank and across different rank.
Proposal 2: To define semi-OL MIMO CSI feedback performance tests for CQI and RI 

PMI derviation, on the other hand, is a process of selecting a precoding index that achieves the highest SE. Provided that the SE computation of the UE based on the semi-OL MIMO is verified by the new CQI and RI test for a fixed i1/i2 or PMI, we do not see any added value from additionally defining a new PMI test for semi-OL MIMO since the UE implementation to select the best wideband PMI by comparing the SE across different PMI should be readily verified by existing dual-stage codebook test cases.

Proposal 3:  PMI feedback performance of semi-OL MIMO can be verified by legacy PMI test with dual-stage codebook, and no new PMI test is defined for semi-OL MIMO.
From CQI feedback performance test perspective, we observe that it would be redundant to define a separate test for different reporting mode and channel condition since the test purpose is to verify UE’s underlying PDSCH transmission assumption of semi-OL MIMO, which is common across different reporting mode and channel condition. To this end, we propose to define a single CQI feedback performance test under fading channel condition. For the actual CQI feedback mode, we propose to use the frequency non-selective scheduling since wideband CQI feedback would be more reasonable in the typical semi-OL MIMO use cases where CSI feedback from UE tends to be outdated/impaired. 
Finally, for the performance metric for the CQI feedback performance test, we can re-use the (α, γ) pair as in the existing CQI test under fading condition.

Proposal 4. To define a CQI feedback performance test for semi-OL MIMO under fading condition and with frequency non-selective scheduling mode as shown in Table 4.
Table 4 Fading CQI feedback test for FDD Semi-OL MIMO 
	Parameter
	Unit
	Test 1

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	9

	Downlink power allocation
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	dB
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	dB
	0
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	dB
	-3

	
	(
	dB
	-3

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

	Propagation channel
	
	EPA5

	Correlation and antenna configuration
	
	XP High (8 x 2)

	Beamforming Model
	
	As specified in Section B.4.3

	semiOpenLoop 
	
	Enabled

	PMI Codebook
	
	Legacy Rel.10 codebook 

[Table 7.2.4-1 or Table 7.2.4-2 in TS36.213]

	Cell-specific reference signals
	
	Antenna ports 0,1

	CSI reference signals
	
	Antenna ports 15,…,22

	CSI-RS periodicity and subframe offset
TCSI-RS / ∆CSI-RS 
	
	5/1

	CSI-RS reference signal configuration
	
	2

	CodeBookSubsetRestriction bitmap
	
	0x0000 0000 0020 0000 0000 0001 0000

	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
	
	TBD (Note 5)

	PUCCH 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 RC.7 FDD according to Table A.4-1 with one sided dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1.
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 subframe SF#0 and #5. PMI is not reported.
Note 5: 
PMI/i2 is not reported.


The purpose of the RI performance test is to verify UE’s functionality to report the best rank based on the correct underlying PDSCH transmission assumption of semi-OL MIMO. First, following the legacy RI test cases in Rel.13, we propose to define the RI performance test for semi-OL MIMO based on two antenna ports, e.g., CSI-RS port 15/16. Since there is no PMI feedback for semi-OL MIMO for less than 8 CSI-RS ports, defining a separate fixed rank 1 test case for different antenna correlation condition would be redundant. Therefore, we propose to define the new RI tests only for the low correlation channel. In terms of performance metric, our view is that the existing metric based on the throughput gain from UE reported rank against the fixed rank can be reused. This requires to define two different test cases, one with low geometry for reported-versus-fixed-rank1 comparison and the other with high geometry for reported-versus-fixed-rank2 comparison, respectively.
Proposal 5: To define RI feedback performance tests for semi-OL MIMO based on two CSI-RS ports and both in low and high geometry as shown in Table 5.

Table 5 : RI Test for Semi-OL MIMO (FDD)

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	9

	Downlink power allocation
	
[image: image25.wmf]A

r


	dB
	0
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	dB
	0

	
	PC
	dB
	0

	
	(
	dB
	0

	Propagation condition and antenna configuration
	
	2 x 2 EPA5

	Cell-specific reference signals
	
	Antenna ports 0

	Beamforming Model
	
	As specified in Section B.4.3

	semiOpenLoop 
	
	Enabled

	Beamforming
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	CSI reference signals
	
	Antenna ports 15, 16

	CSI-RS periodicity and subframe offset
TCSI-RS / ∆CSI-RS
	
	5/1

	CSI 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

	RI configuration
	
	Fixed RI=2 and follow RI
	Fixed RI=1 and follow RI

	SNR
	dB
	0
	20
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	dB[mW/15kHz]
	-98
	-98
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	dB[mW/15kHz]
	-98
	-78

	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
	
	TBD

	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
	
	2

	ri-ConfigurationInd
	
	1 (Note 4)

	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). PMI is not reported.
Note 2:
Reference measurement channel RC.9 FDD according to Table A.4-1 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 SF#0 and #5. PMI is not reported.
Note 4:
To avoid the ambiguity of TE behaviour when applying CQI and PMI during rank switching, RI reports are to be applied at the TE with one subframe delay in addition to Note 1 to align with CQI and PMI reports


4. Conclusion

In this contribution, we analyzed CSI feedback performance requirements for eFD-MIMO semi-OL MIMO and proposed test case framework to verify UE’s corresponding functionality. Due to the introduction of the new PDSCH transmission scheme combining open-loop precoding and DMRS-based beamforming, the proposed test framework includes mutiple aspects of the UE implementation including PDSCH demodulation and CSI feedback. A list of proposals in this contribution is summarized as follows.
Proposal 1. To define PDSCH demodulation tests for rank1/2 semi-OL MIMO 

Proposal 2: To define semi-OL MIMO CSI feedback performance tests for CQI and RI
Proposal 3:  PMI feedback performance of semi-OL MIMO can be verified by legacy PMI test with dual-stage codebook, and no new PMI test is defined for semi-OL MIMO.

Proposal 4. To define a CQI feedback performance test for semi-OL MIMO under fading condition and with frequency non-selective scheduling mode as shown in Table 4.
Proposal 5: To define RI feedback performance tests for semi-OL MIMO based on two CSI-RS ports and both in low and high geometry as shown in Table 5.
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