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1 Introduction
In RAN1 meeting #70, an LS [1] was agreed on antenna port mapping onto geographically separated antennas and the reference definition of quasi co-located antennas was 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
Also, in last RAN4 meeting, it was agreed in [2] to evaluate the impact of received timing difference between CRS and PDSCH DMRS under geographically separated antenna deployments. In this contribution, we focus on time and frequency synchronization issue with non-quasi-collocation assumptions and further investigate the impacts on UE demodulation performance.
2 Discussion
As we discussed in [3], CRS, CSI-RS, and PDSCH DMRS are assumed to be quasi co-located wrt {Delay spread, Doppler spread, Doppler shift, Average delay} up to LTE Rel-10, so CRS could be used for time and frequency synchronization as well as the large-scale properties, e.g., Doppler spread and power delay profile for legacy UE implementation. However, with the introduction of geographically non-colocated antenna deployments in Rel-11, antenna ports transmitting CRS, CSI-RS, and PDSCH DMRS may map onto geographically separated antennas, which indicates that CRS may no longer be used to estimate any of the large-scale properties for CSI feedback or data demodulation. So it is important to ensure that UE can achieve acceptable performance in such situations when compared to legacy UE.

The agreed quasi co-location assumption within each RS type in RAN1 is attached here in Table 1 [1]. On top of the assumptions, it is also agreed that a Rel-11 UE can support at most two UE behaviours for the quasi co-location assumptions between RS of different types, where Behaviour B is intended by RAN1 to be the UE behaviour typically applicable for UEs operating in DL CoMP:

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}


That is to say, if UE is configured in Behaviour B, then there is always a CSI-RS resource indicated by physical layer signaling which is assumed as quasi co-located with PDSCH DMRS wrt {Delay spread, Doppler spread, Doppler shift, Average delay}, so the CSI-RS could be used to estimate some of the large-scale properties to assist UE demodulation. Therefore, we will investigate the impacts of timing tracking error and frequency tracking error as well as the practical large-scale properties estimation on data demodulation performance when UE applies Behaviour B.
To simplify the evaluation, the following deployment is modelled, where UE receives CRS/PSS/SSS/PDCCH from one transmission point, and receives PDSCH, DMRS, and a corresponding TP-specific CSI-RS resource from another transmission point. The UE is assumed to know that it is configured with Behaviour B, so CRS could be used neither for estimating any large-scale properties, nor for time and frequency synchronization. No inter-cell interference is modeled in this evaluation. The impacts of time and frequency synchronization algorithms on UE demodulation performance are taken into account separately. 
2.1  Impact of timing tracking
Unlike legacy UE using CRS for timing tracking, a Rel-11 UE in Behaviour B may turn to a particular CSI-RS resource for time synchronization since its CRS and PDSCH DMRS shall not be assumed as quasi co-located wrt {Delay spread, Doppler spread, Doppler shift, Average delay}. Also, some channel large-scale properties e.g. power delay profile (PDP) could be estimated by CSI-RS. Here we investigate the effect of timing tracking over CSI-RS under the condition that frequency is ideally synchronized. 
This section we evaluate the impact of timing tracking with an EPA5 channel model. Three kinds of MCS, 64QAM 3/4, 16QAM 1/2, QPSK 1/3 and two kinds of resource allocations, 50RB and 3RB are considered. The time delay range is form -2us to 2us with a step of 1us in the simulation. The results with ideal timing are also attached for each case as the benchmark. Other simulation assumptions can be found in Annex. Note that the adjust value for timing is averaged every 10ms and passed a loop filter. Figure 1 shows the corresponding simulation results.
Based on the results shown in Figure 1, we observe the curves with different time delays share similar performance as well as the ideal timing case regardless of modulation type and resource allocation, so the performance loss is negligible for all scenarios evaluated with timing tracking over CSI-RS.
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(b) Impact of timing tracking; 64QAM 3/4;3RB
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(c) Impact of timing tracking; 16QAM 1/2;50RB
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(d) Impact of timing tracking; 16QAM 1/2;3RB
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(e) Impact of timing tracking; QPSK 1/3;50RB
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(f) Impact of timing tracking; QPSK 1/3;3RB
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Figure 1. Impact of timing tracking
Observation: It is clear that the performance difference between cases with timing tracking over CSI-RS and cases ideally synchronized is negligible for all scenarios evaluated.
Therefore, when UE is configured in Behaviour B, if it tracks timing estimated over the CSI-RS resource quasi co-located with PDSCH DMRS, then the performance is acceptable. But if UE tracks timing over a wrong reference signal, e.g. CRS, then performance loss can be observed according to the evaluation in [3]. So it is necessary to define a test to make sure that UE always tracks on the correct timing for data demodulation when it is configured in Behaviour B.
Proposal 1: Define test cases to make sure that UE tracks on the correct timing for data demodulation when it is configured in Behaviour B.
2.2  Impact of frequency tracking
A CSI-RS resource may be helpful for UE implementation with PDP estimation and timing tracking, but it is useless for frequency estimation. If one CSI-RS port is configured, the time distance between two REs on which the CSI-RS resource is mapping is one OFDM symbol, which leads to a larger Nyquist frequency and a less accuracy of the estimated frequency shift [4]. If the UE is configured with a four ports CSI-RS, the channels of CSI-RS REs mapping on each antenna port in one subframe are assumed equal due to the operation of OCC, so frequency shift could not be estimated in this scenario. If two CSI-RS in two adjacent subframes with 5ms time distance are used for frequency measurement, the Nyquist frequency is too small to cover the possible frequency offset. Therefore, instead of CSI-RS, PDSCH DMRS is used for frequency tracking in this simulation, and the timing is assumed ideally synchronized.
In the simulation, the estimated frequency error is averaged every 10ms, and the final frequency offset is calculated by using a loop filter in time domain with the information of the estimated frequency error and the last frequency offset. The scenarios are the same as timing evaluation. The frequency difference between the actual transmitted frequency and the assigned frequency is assumed as 0Hz, 100Hz, 200Hz, and 300Hz. Simulation results are provided in Figure 2.
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(a) Impact of frequency tracking; 64QAM 3/4;50RB
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(b) Impact of frequency tracking; 64QAM 3/4;3RB
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(c) Impact of frequency tracking; 16QAM 1/2;50RB
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(d) Impact of frequency tracking; 16QAM 1/2;3RB
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(e) Impact of frequency tracking; QPSK 1/3;50RB
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(f) Impact of frequency tracking; QPSK 1/3;3RB
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Figure 2. Impact of frequency tracking
From Figure 2, we observe that the curves with different frequency shift share similar performance as well as the ideally synchronized case for all scenarios evaluated except 3RB, QPSK 1/3 case, which experience lower SNR and have less DMRS to estimate frequency offset. But even in this case, the performance loss is acceptable.
Observation: The frequency offset can be compensated by using PDSCH DMRS if there is consecutive data transmission.
The frequency offset could be compensated by different implementation methods from the UE side. On the other hand, there are no related test cases to evaluate the impact of frequency error in RAN4 specification. Therefore, there is no need to add any cases to test frequency error. The frequency difference between macro cell and RRHs/picos with fiber backhaul can be assumed as ideal.

Proposal 2: The frequency difference between macro cell and RRHs/picos with fiber backhaul can be assumed as ideal, so there is no need to add test cases to evaluate the impact of frequency error. 
3 Conclusion

This contribution further discusses the impacts of time and frequency synchronization issue with non-quasi-collocation assumptions on UE demodulation performance. Based on the discussion, we propose the following:
Proposal 1: Define test cases to make sure that UE tracks on the correct timing for data demodulation when it is configured in Behaviour B.
Proposal 2: The frequency difference between macro cell and RRHs/picos with fiber backhaul can be assumed as ideal, so there is no need to add test cases to evaluate the impact of frequency error. 
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Annex

Table 2. Simulation Assumptions 
	Parameter
	Values

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Cell ID
	0

	Channel model and Doppler frequency
	EPA5

	Transmission mode
	TM9

	MIMO configuration
	4x2 low

	CRS configuration
	Antenna ports 0,1

	CSI reference signals
	Antenna ports 15,16,17,18

	Resource allocation
	50RB, 3RB

	DMRS
	Quasi-collocated with CSI-RS

	Rank
	1

	PMI
	Random PMI

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

	HARQ
	8 HARQ processes and max 4 transmissions

	Channel estimation
	Practical

	PDP estimation
	Practical over CSI-RS

	Received timing delay (us)
	0/1/2/-1/-2

	Frequency offset (Hz)
	0/100/200/300

	PCFICH
	CFI = 2

	PCFICH/PDCCH detection
	Not considered

	Cyclic prefix
	Normal

	Simulation length
	10000 sub-frames
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