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1 Introduction
In RAN1 meeting #70, an LS [1] was agreed on antenna port mapping onto geographically separated antennas and some assumptions were agreed. In this contribution we present our views on the possible demodulation test cases with respect to quasi-collocation antenna studies based on conclusions of the LS. A proposed simulation framework for RAN4 test is presented.
2 Discussion
According to the LS, the reference definition of quasi co-located antennas is updated as follows:

Definition: “If two antenna ports are “quasi co-located”, the UE may assume that large-scale properties of the channel over which a symbol on one antenna port is conveyed can be inferred from the channel over which a symbol on the other antenna port is conveyed”.

The “large-scale properties” mentioned in the above definition consist of some or all of;

· Delay spread 

· Doppler spread 

· Doppler shift 
· Average gain 
· Average delay 
The assumptions for antenna ports quasi co-location within each RS type are agreed as listed in Table 1. On top of it, it is also agreed in RAN1 that a Rel-11 UE supports at most two UE behaviours for the quasi co-location assumptions between RS of different types:
Behaviour A:  CRS, CSI-RS and PDSCH DMRS may be assumed as quasi co-located wrt {Doppler shift, Doppler spread, Average delay, delay spread}

Behaviour B:  CRS, CSI-RS, and PDSCH DMRS shall not be assumed as quasi co-located wrt {Delay spread, Doppler spread, Doppler shift, Average gain, Average delay} with the following exception: PDSCH DMRS and a particular CSI-RS resource indicated by physical layer signalling may be assumed as quasi co-located wrt {Delay spread, Doppler spread, Doppler shift, Average delay}
Table 1: Quasi co-location assumption within each RS type

	CRS
	CSI-RS 
	PDSCH DMRS

	May be assumed as quasi co-located wrt all long term channel properties {Delay spread, Doppler spread, Doppler shift, Average gain, Average delay} within a cell.


	Within a CSI-RS resource, CSI-RS ports may be assumed as quasi co-located wrt {Delay spread, Doppler spread, Doppler shift, Average gain, Average delay}.


Between CSI-RS resources CSI-RS ports shall not be assumed as quasi co-located wrt {Delay spread, Doppler spread, Doppler shift, Average gain, Average delay}.
	May be assumed as quasi co-located within a subframe wrt to {Delay spread, Doppler spread, Doppler shift, Average gain, Average delay}


PSS/SSS and CRS ports for a cell may be assumed as quasi co-located wrt {Doppler shift, Average delay}.

The following reference deployment is suggested for consideration to RAN4:

· TP1 is a high power transmission point (TP) 

· TP2 is a low power TP with a nominal transmit power that is 16dB lower than the nominal transmit power of TP1

· Each TP transmits CRS/PSS/SSS and a TP-specific CSI-RS resource

· CRS/PSS/SSS are transmitted from the different TPs either using an identical cell-ID or with TP-specific cell-ID 

· Alternatively (in another example deployment) only TP1 transmits CRS/PSS/SSS and each TP transmits a TP-specific CSI-RS resource

· The UE is associated to a serving cell based on RSRP measurements

· A cell selection offset may be considered

· The UE provides CQI/RI/PMI feedback for each of the two configured CSI-RS resources

· The eNB transmits PDSCH TM10 from one or two of the TPs using the associated PMI/RI/CQI 

· The TP(s) for PDSCH may be dynamically changed at each subframe

· For Behavior B only: A CSI-RS resource that may be assumed by the UE to be quasi co-located with DMRS is signaled in each subframe 

· The UE is not aware of the association of TPs to CRS, CSI-RS resources and DMRS.

The reference deployment is further exemplified in Figure 1. The UE is placed arbitrarily on the line intersecting the two transmission points.
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Figure 1: Reference deployment. Each point transmits DMRS only when PDSCH is transmitted from that point.

According to the above suggested reference deployment, it seems that RAN1 want to define tests for UE RSRP measurements, CQI/RI/PMI feedback for each of two TP-specific CSI-RS resources, and the demodulation performance of TM10 with associated PMI/RI/CQI. But from RAN4 point of view, demodulation of PDSCH and reporting of CSI-RS feedback should be tested separately as we suggested in [2]. In this contribution we focus on the simulation assumptions for demodulation of PDSCH.
If UE is configured in Behaviour A, then CRS, CSI-RS and PDSCH DMRS may be assumed as quasi co-located wrt {Doppler shift, Doppler spread, Average delay, delay spread}, which means CRS can be used for time and frequency synchronization and assist data demodulation just like legacy UE. So there is no need to add any tests for Behaviour A. Behaviour B is intended by RAN1 to be the UE behaviour typically applicable for UEs operating in DL CoMP. When a CoMP UE is configured in Behaviour B, if it still tracks timing over CRS, which shall not be assumed as quasi co-located with PDSCH DMRS, then performance loss can be observed according to the evaluation in [3]. However, if the UE tracks timing estimated over the CSI-RS resource quasi co-located with PDSCH DMRS, its performance loss is negligible compared to ideally synchronized case [4]. Therefore, it is necessary to define test cases to make sure that CoMP UE always tracks on the correct timing for data demodulation when it is configured in Behaviour B. In this contribution, only TP1 is assumed to transmit CRS.
In addition to timing impact, rate matching with multiple CSI reference symbol configurations with non-zero and zero transmission power as well as CRS should also be considered in demodulation test. 
The throughput obtained when UE performs timing tracking over CSI-RS is assumed as reference. The performance gain of UE tracking over CSI-RS vs. UE tracking over CRS can be investigated by interested companies to show the impact of timing. The initial simulation framework is listed in Table 2.
Table 2: Simulation assumptions for demodulation evaluations
	Parameter
	Unit
	TP 1
	TP 2

	Carrier frequency
	
	2 GHz

	System bandwidth
	
	10 MHz

	Cyclic prefix
	
	Normal

	Number of HARQ processes
	Processes
	8

	Maximum number of HARQ transmission
	
	4

	Redundancy version coding sequence
	
	{0,1,2,3} for QPSK and 16QAM

{0,0,1,2} for 64QAM

	Number of OFDM symbols for PDCCH
	OFDM symbols
	2

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

	Cell-specific reference signals
	
	Antenna ports 0,1
	N/A

	Channel model
	
	ETU
	EPA/ETU

	Doppler frequency
	Hz
	5/70

	MIMO configuration
	
	4x2

	Zero-power CSI-RS configuration

ICSI-RS /       ZeroPowerCSI-RS bitmap 
	Subframes / bitmap
	4 /

0010000100000000

	Transmission mode
	
	TM10
	N/A

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

	CSI-RS periodicity and subframe offset          TCSI-RS / 
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	Subframes
	5 / 4
	5 / 4

	CSI reference signal configuration
	
	1
	3
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	dBm/15kHz
	-98
	-98

	Symbols for unused PRBs
	
	OCNG
	OCNG

	Number of allocated resource blocks 
	PRB
	N/A
	50/3

	Rank
	
	N/A
	1/2

	PMI
	
	N/A
	Random PMI

	Modulation and Code rate
	
	N/A
	64QAM 3/4, 16QAM 1/2, QPSK 1/3

	PSS/SSS
	
	Not considered
	Not considered

	PCFICH/PDCCH detection
	
	Not considered
	Not considered

	Received timing
	us
	0
	2/-2

	Simulation length
	
	10000 sub-frames at minimum
	10000 sub-frames at minimum


3 Conclusion

This contribution provided initial assumptions for the evaluation of the link-level simulations for antenna ports co-location. It is proposed to take this simulation framework into account when defining RAN4 test cases for demodulation of PDSCH TM10.
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