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1. Introduction

The Rel-14 WI on Further enhancements to Coordinated Multi-Point (FeCoMP) Operation for LTE has the following objectives [1]:
	4
Objective

4.1
Objective of SI or Core part WI or Testing part WI

The work item aims to specify the enhancements identified during FeCoMP study item. The detailed objectives are as follows.

· Specify enhancements to support non-coherent joint transmission (JT) schemes [RAN1]

· Support of a new QCL assumption for DM-RS antenna ports

· Support of control signalling enhancements to assist QCL,PDSCH REs mapping and resource allocation

· Support possible CSI feedback enhancement

· Specify higher layer support of enhancements listed above [RAN2]

4.2
Objective of Performance part WI

NOTE:
Leave empty if the WI proposal does not contain a RAN performance part.

Specify the necessary UE performance requirements to support non coherent JT.


The RAN1 WG work on the WI Core part has completed and RAN4 work on the associated performance requirements is scheduled to start from RAN4 84bis. In this contribution we provide our views on the FeCoMP UE demodulation and CSI reporting requirements and make proposals on test setups. In the companion papers we make proposals on the work plan [2] and also provide an overview of the RAN1 FeCoMP agreements [3].

2. FeCoMP overview
In the scope of FeCoMP WI, physical layer mechanisms to enable non-coherent joint transmission (NC-JT) CoMP scheme were introduced (Figure 1). 
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Figure 1. Non-coherent joint-transmission scheme

Such NC-JT schemes allow a single-user MIMO transmission of different MIMO layers from different transmission points (TPs). The NC-JT approach may increase the realizable MIMO transmission ranks and, therefore, improve the user throughput performance. Such enhancements are expected to be beneficial in the dense deployment scenarios and scenarios with small number of antenna ports at the eNBs [4].
Below we provide a high-level set of introduced functionality to support NC-JT (for more details refer to [3]):
· Different TM10 SU-MIMO PDSCH CWs are transmitted from 2 different TPs to one UE. 

· Each TP is associated with a group of different DMRS APs. 

· The TPs have independent uncoordinated precoders and fully overlapping resource allocations.
· New RRC configured QCL type with new QCL assumption is introduced for different DM-RS antenna port groups. 

· The existing QCL type B and QCL PDSCH RE mapping concepts are extended to support 2 groups of DM-RS antenna ports

· PDSCH CW RE mapping is done in accordance to the QCL indication for each TP. The existing QCL PDSCH RE mapping is extended by allowing configuration of the 2nd set of following parameters.
· DCI Format 2D is reused and conveys QCL indicator (PQI)

· CSI feedback procedure is improved to enable specific NC-JT feedback. UE estimates the best CoMP transmission scheme
· Scheme 1: TP1 PDSCH + TP2 blanking

· Scheme 2: TP2 PDSCH + TP1 blanking

· Scheme 3: TP1 + TP2 NC-JT

3. UE Demodulation requirements

The following UE demodulation performance requirements framework is suggested to verify NC-JT implementations:
· TM10 PDSCH demodulation test case. No other test cases for other physical channels.

· Test purpose: Verify NC-JT UE demodulation functionality
· Scenario:

· UE receives PDSCH with NC-JT from the 2 TPs

· TP1 is the serving cell (UE derives synch and receives PDCCH from TP1)
· TP2 is the booster TP
· Reuse typical CoMP timing / frequency offset assumptions among TPs
· TP2 timing offset: [2] µs
· TP2 frequency offset: [200] Hz

· Power imbalance between the TPs is FFS

· Focus on the case of no power imbalance between the TPs (SNRTP1 = SNRTP2)

· Define test cases for 2RX and 4RX UEs

· Prioritize scenario with 2RX

· Scenario #1: 2RX UE receives 2 MIMO layers PDSCH (1 MIMO layer per TP)
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· Scenario #2: 4RX UE receives 4 MIMO layers PDSCH (2 MIMO layer per TP)
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· CRS configuration:

· 2 CRS APs

· Different cell ID among TPs
· Colliding CRS patterns in the two cells

· Low antenna correlation
· PDSCH transmission mode: 10

· Number of RBs: 50

· Number of control OFDM symbols: 2 for each TP (aligned PDSCH start)
· FRC: [16QAM CR ½] + Total MIMO rank 2/4 depending on scenario

· TO/FO compensation assumptions

· CFO estimation using CRS

· TO estimation using NZP CSI-RS

The preliminary set of test parameters is suggested in the tables below.
Table 1: PDSCH Test - Parameters

	Parameter
	Unit
	TP 1
	TP 2

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

	
	(
	dB
	-3
	-3

	Beamforming model
	
	Random beamforming
	Random beamforming 

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

	CSI reference signals 0
	
	Antenna ports {15,16}
	N/A



	CSI-RS 0 periodicity and subframe offset TCSI-RS / ∆CSI-RS
	Subframes
	5 / 2
	

	CSI reference signal 0 configuration
	
	0
	

	CSI reference signals 1
	
	N/A
	Antenna ports {15,16}

	CSI-RS 1 periodicity and subframe offset TCSI-RS / ∆CSI-RS
	Subframes
	
	5 / 2

	CSI reference signal 1 configuration
	
	
	8

	Zero-power CSI-RS 0 configuration

ICSI-RS / ZeroPower CSI-RS bitmap
	Subframes/bitmap
	2/

0010000000000000
	N/A

	Zero-power CSI-RS1 configuration

ICSI-RS / ZeroPower CSI-RS bitmapS
	Subframes/bitmap
	N/A
	2/

0000010000000000
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	dB
	[SNR1]
	[SNR2 = SNR1]

	
[image: image7.wmf]oc

N

at antenna port
	dBm/15kHz
	-98
	-98

	BWChannel
	MHz
	10
	10

	Cyclic Prefix
	
	Normal
	Normal

	Cell ID
	
	0
	126

	Number of control OFDM symbols / PDSCH start
	
	2
	2

	Timing offset relative to TP1
	us
	N/A
	2

	Frequency offset relative to TP1
	Hz
	N/A
	200

	qcl-Operation, ‘PDSCH RE Mapping and Quasi-Co-Location Indicator’
	
	[NC-JT PQI indication]

	PDSCH transmission mode (Note 2)
	
	10
	10

	Number of allocated resource block
	
	50
	50

	Note 1:
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Note 2:
PDSCH transmission is done from both TPs (CW1 is transmitted from TP1 and CW2 is transmitted from TP2)


Table 2: PDSCH test - Performance Requirements
	Test Number
	Reference Channel 
	OCNG Pattern
	Propagation Conditions
	Correlation Matrix and Antenna Configuration 
	SNR (dB)
	UE Category

	
	
	TP 1
	TP 2
	TP 1
	TP 2
	
	Fraction of Maximum Throughput (%)
	SNR (dB)
	

	1
	X
	OP.1 FDD
	OP.1 FDD
	EPA5
	EPA5
	2x2 Low
	70
	TBD
	TBD

	2
	Y
	OP.1 FDD
	OP.1 FDD
	EPA5
	EPA5
	2x4 Low
	70
	TBD
	TBD


Proposal #1:
Introduce TM10 NC-JT PDSCH demodulation test cases

· Test purpose: Verify NC-JT UE demodulation functionality

· Scenario: UE receives NC-JT PDSCH from TP1 (serving cell) and TP2

· Test #1: 2RX UE receives 2 MIMO layers PDSCH (1 MIMO layer per TP)

· Test #2: 4RX UE receives 4 MIMO layers PDSCH (2 MIMO layer per TP)

· No power imbalance between the TPs (SNRTP1 = SNRTP2)

· 2 CRS APs for each TP

· Different cell ID among TPs

· Colliding CRS patterns in the two cells

4. CSI reporting requirements
In general, the regular CSI reporting mechanisms can be used to enable NC-JT and the CSI enhancements introduced in the FeCoMP WI scope provide a sort of optimization of the performance. Assuming the WI timelines, we recommend that CSI reporting test is considered with lower priority comparing to the UE demodulation test and should be introduced if time allows.

Proposal #2:
NC-JT CSI reporting test has lower priority than UE demodulation test and should be introduced if time allows
To facilitate NC-JT operation, RAN1 introduced CSI enhancements to provide NC-JT specific CSI feedback. The main idea is that UE performs CSI measurements under 3 hypothesis:

1) PDSCH is transmitted from TP1, TP2 is blanked
2) PDSCH is transmitted from TP2, TP1 is blanked
3) NC-JT PDSCH is transmitted from TP1/TP2
The following CSI reporting test framework can be considered:
· Test setup includes 2 TPs

· TP1 – serving TP

· TP2 is the booster TP

· No time/frequency offset between the TPs

· Power imbalance between TPs is FFS (focus on equal power)

· Colliding CRS patterns with Different Cell IDs
· CSI reporting

· UE is configured with K = 2 NZP CSI-RS resources and one CSI-IM resource 

· 2 CSI-RS antenna ports that are configured for each NZP CSI-RS resource

· UE reports CSI for single CRI equal to 0, 1 or 2. 
· Test setup is chosen in a way to maximize the probability of CRI = 2 (NC-JT) reporting
· TP1-UE and TP2-UE links have high MIMO correlation channel (to reduce probability of rank 2 transmission). In the latter case the probability that UE selects NC-JT is increased.

· Alternatively, single CSI-RS antenna port can be configured per TP to guarantee that Rank 2 transmission cannot be selected for CRI = 0 or 1.
· Aperiodic CSI reporting is used
· Test method / metrics
· The test should ensure that UE does correct NC-JT CRI reporting. Typical throughput ratio methodology can be adopted to ensure that correct CSI reporting provides sufficient gains over fixed/random CSI selection.
· Case 1: TE follows reported CRI (TFollowCRI)
· Case 2: TE scheduled UE under fixed CRI assumption, e.g. PDSCH is always scheduled from TP1 (TFixed, CRI0)
· Test metric: γ = TFollowCRI / TFixed, CRI0
Proposal #3:
Consider the following NC-JT CSI reporting test setup

· Test setup includes 2 TPs (serving and booster)
i. No time/frequency offset between the TPs

ii. Power imbalance between TPs is FFS (focus on equal power)

iii. Colliding CRS patterns with Different Cell IDs

· CSI reporting

i. UE is configured with K = 2 NZP CSI-RS resources and one CSI-IM resource 

ii. Maximize the probability of CRI = 2 (NC-JT) reporting

1. Option 1: TP1-UE and TP2-UE links have high MIMO correlation channel.

2. Option 2: Single CSI-RS antenna port configured per TP.

iii. Aperiodic CSI reporting

· Test metrics: Throughput ratio between follow CRI and fixed CRI (γ = TFollowCRI/TFixed, CRI0)
5. Conclusions

In this contribution we provided views on the target FeCoMP UE demodulation and CSI reporting requirements. In summary, we make the following proposals:
Proposal #1:
Introduce TM10 NC-JT PDSCH demodulation test cases

· Test purpose: Verify NC-JT UE demodulation functionality

· Scenario: UE receives NC-JT PDSCH from TP1 (serving cell) and TP2

· Test #1: 2RX UE receives 2 MIMO layers PDSCH (1 MIMO layer per TP)

· Test #2: 4RX UE receives 4 MIMO layers PDSCH (2 MIMO layer per TP)

· No power imbalance between the TPs (SNRTP1 = SNRTP2)

· 2 CRS APs for each TP

· Different cell ID among TPs

· Colliding CRS patterns in the two cells

Proposal #2:
NC-JT CSI reporting test has lower priority than UE demodulation test and should be introduced if time allows
Proposal #3:
Consider the following NC-JT CSI reporting test setup

· Test setup includes 2 TPs (serving and booster)
i. No time/frequency offset between the TPs

ii. Power imbalance between TPs is FFS (focus on equal power)

iii. Colliding CRS patterns with Different Cell IDs

· CSI reporting

i. UE is configured with K = 2 NZP CSI-RS resources and one CSI-IM resource 

1. Maximize the probability of CRI = 2 (NC-JT) reporting

2. Option 1: TP1-UE and TP2-UE links have high MIMO correlation channel.

3. Option 2: Single CSI-RS antenna port configured per TP.

ii. Aperiodic CSI reporting

· Test metrics: Throughput ratio between follow CRI and fixed CRI (γ = TFollowCRI/TFixed, CRI0)
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