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1 Introduction
In RAN4 meeting #61, an LS [1] was received from RAN1 indicating that there should be flexibility with respect to mapping different antenna ports of a cell to different geographically separated antennas (points), and RAN4 should take these issues into account via the development of appropriate performance requirements for Rel-11. In [2], a reply LS was sent to RAN1 to request more information on the main deployment scenarios in order to reduce the number of supported combinations. At RAN4 #62bis, an LS [3] response was received from RAN1 and the information was as following:
Definition: “If two antenna ports are “quasi co-located”, the UE may assume that large-scale properties of the signal received from the first antenna port can be inferred from the signal received from the other antenna port”.

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

· Delay spread 

· Doppler spread 

· Frequency shift 
· Average received power 
· Received Timing

The LS additionally clarified that a CoMP capable UE may operate with a single FFT timing per receive antenna port to perform all CSI and demodulation related operations.
The action for RAN4 was

ACTION: RAN1 would like to ask RAN4 to take this information into account while discussing test case definitions.

In this contribution we discuss the following relevant issues based on RAN1’s agreements on UE quasi-collocation assumptions:
· The impact of non quasi-collocated antenna ports on UE performance;

· Which antenna ports can UE assume as quasi-collocated;

· The possible test configuration and simulation assumptions for non quasi co-located antenna ports.

2 The impacts of non-quasi-collocation assumptions
It is important for a UE to achieve time and frequency synchronization before it is scheduled for data transmission. Up to LTE Rel-10, the UE could acquire the symbol and radio frame synchronization by detecting the primary synchronization sequence (PSS) and secondary synchronization sequence (SSS), and then it could perform the accurate timing and frequency tracking over CRS. When downlink transmission is scheduled, the UE could use the CRS to estimate time and frequency synchronization parameters. The estimated accurate time and frequency information as well as the large-scale properties, e.g., Doppler spread and power delay profile are normally taken into account to derive channel estimation filter coefficients for CSI feedback or data demodulation to achieve better performance. Therefore for legacy UE implementation, CRS, DMRS, and CSI-RS ports are assumed to be geographically collocated or quasi-collocated.
However, with the introduction of geographically separated antenna deployments in Rel-11, UE implementations should not assume quasi-collocation for antenna ports transmitting CRS, DMRS, and CSI-RS. Then CRS may no longer be used to estimate any of the large-scale properties in such situations for CSI feedback or data demodulation, otherwise it may lead to UE performance loss. 
In this part, we will investigate the impacts of geographically separated antenna deployment with respect to channel estimation, received timing delay, and frequency tracking error on UE demodulation performance. A specific scenario is taken as an example where the UE receives CRS from macro cell and receives PDSCH from a cooperating serving cell. Obviously large-scale properties corresponding to antenna ports at different geographical locations will be completely different, so two channel propagation conditions (ETU and EVA) are used for two cells. In this scenario, the macro cell only transmits CRS and the serving cell transmits PDSCH with high order MCS which would be more sensitive to mismatch of the large-scale properties. CSI feedback is not considered in the evaluation for simplification. More detailed simulation assumptions can be found in Table 3.
To get a full evaluation of this issue, we have the following simulations:
· Evaluate the effect of different kinds of channel estimation;

· Evaluate the effect of received timing error;

· Evaluate the effect of frequency tracking error.
2.1  Impact of channel estimators
As we all know, different channel estimators have different channel estimation performances and demodulation results. In this section, three types of channel estimators are evaluated here: an least-squares (LS) channel estimation without any power-delay-profile (PDP) information, and two MMSE channel estimators where the Wiener filter coefficients are based on the PDP of either the channel from the serving cell (ETU, correct PDP) or the channel of the macro cell (EVA, wrong PDP). Simulation results are provided in Figure 1.
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Figure 1. Evaluation of different channel estimators
Based on the results shown in Figure 1, we have the following observations:
· The MMSE channel estimator with the correct PDP provides the best performance.

· The performance loss of LS channel estimator is about 1.0dB to 2.0dB at medium to high SNR range compared to the MMSE channel estimator with the correct PDP.

· A large degradation of performance is observed due to wrong UE implementation which uses the improper PDP for channel estimation.

Observation 1: It is clear that MMSE channel estimator with the correct channel characters properties performs much better than LS channel estimator. However, by estimating the PDP over CRS under the situation that CRS and DMRS are geographically separated, the mismatch of Wiener filter coefficients will cause a large performance loss. 
Proposal 1: The serving cell should make the UE have sufficient information to estimate the correct channel characteristics.
2.2  Impact of received timing error
In RAN1’s LS, it is additionally mentioned that RAN1’s understanding is that a CoMP capable UE may operate with a single FFT timing per receive antenna port to perform all CSI and demodulation related operations. In RAN1’s assumption that the signals configured to a UE for CSI feedback or demodulation, regardless of quasi-collocation of antennas, are received within CP for all ports. In this case the perfect decision for a UE is to find a common FFT timing within the CP which can collect the total symbol energy without introducing any ISI. However, under the situations where CRS, CSI-RS, and DMRS antenna ports are physically non-collocated, the signals from CRS, DMRS, and different CSI-RS resources are naturally received with time offsets. If a UE synchronizes over CRS and take its timing as the reference, then the UE does not know how much it should shift to find the proper timing window to perform all CSI and demodulation related operations. This section will investigate the impacts of such timing errors on UE demodulation performance.

In these simulations, the UE always acquires time synchronization over CRS from macro cell and use it as the common FFT timing window, then the timing of the received DMRS and data of the serving cell is shifted by -2, 0, or 2 us. The MMSE channel estimation and the LS channel estimation are evaluated. To concentrate on the impact of received timing offset only, it is assumed that the UE is able to estimate the correct channel properties to derive Wiener filter coefficient (which is unrealistic in real network). Simulation results are provided in Figure 2.
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Figure 2. Impact of received timing offset
Based on the results shown in Figure 2, the following observations can be made:

· With an offset of 2us, the performance loss of the MMSE channel estimator is acceptable if the UE can correct the phase shift caused by the timing offset after the FFT.
· With an offset of 2us, the LS channel estimator suffers a significant performance loss.
· With an offset of -2us, which means signal from the serving cell is 2 us earlier than the FFT timing window, the performance of UE demodulation breaks down even when a better channel estimator is used due to the introduction of severe ISI. It is therefore critical for UE to be capable of estimating the timing offset of the serving transmission point and adjust the timing of the FFT window accordingly.
Observation 2: Without a correct timing adjustments there would be a significant performance loss especially for the cases where the signal of the serving cell arrives earlier than that of the macro cell, which frequently happens in CoMP scenarios.

Based on the discussion, it seems necessary to inform UE with a reference RS port for time and frequency synchronization which can be assumed as quasi-collocated with DMRS, then UE can make use of this information and adjust the FFT timing window accordingly to avoid large performance loss. A CSI-RS resource quasi collocated with DMRS could be taken into consideration in current specification.
Proposal 2: Signaling of a CSI process index for the scheduled PDSCH can provide a UE with a reference for received timing and channel characteristics experienced by the DMRS and the PDSCH.
2.3  Impact of frequency tracking error
According to TS36.104, frequency error is the measure of the difference between the actual BS transmit frequency and the assigned frequency. The minimum requirement of frequency error defined in 36.104 is quoted here in Table 1. Assuming the modulated carrier frequency is 2.6GHz, the maximum frequency shift between two Wide Area BSs could be 0.1 ppm, which is 260Hz. For legacy UEs, there is no problem since CRS could always be used for frequency tracking. However, there will be a large frequency shift if a Rel-11 UE using CRS for frequency tracking under the situation where its CRS antenna ports and DMRS antenna ports are geographically separated, and this frequency shift is hard to be compensated(inter-TP frequency shift becomes a system error). In this section, the impact of frequency shift on UE performance is evaluated. The time synchronization is ideal and the MMSE channel estimation with correct PDP is used in the cases. Simulation results are provided in Figure 3.
Table 1. Frequency error minimum requirement
	BS class
	Accuracy

	Wide Area BS
	±0.05 ppm

	Local Area BS
	±0.1 ppm

	Home BS
	±0.25 ppm
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Figure 3. Impact of frequency shift
Based on the results shown in Figure 3, we have the following observations:

1) The performance loss is about 1.5dB at medium to high SNR region when the fixed frequency error is 40Hz.

2) The performance breaks down when the frequency shift is fixed to 80Hz.

Observation 3: The high order MCS is very sensitive to frequency shift, the performance breaks down when the frequency shift is fixed to 80Hz.

Proposal 3: It is important to consider frequency errors for non-quasi-collocation antenna ports since it will cause severe performance degradation.
3 Evaluation of dynamic point selection (DPS)
As mentioned in [4], there are two ways to perform DPS in Rel-11 CoMP scenarios: one is assuming DM-RS ports are quasi-collocated within each PRG but non-quasi-collocated across different PRGs within a subframe, which is called frequency-selective DPS; the other is assuming quasi-collocated DM-RS ports within one subframe, which is called non-frequency-selective DPS. For frequency-selective DPS, the macro cell always schedules on the first half of bandwidth while the the RRH always allocates the second half of the resource to the same UE. For non-frequency-selective DPS, the macro cell or the serving RRH schedules all the RBs, and take turns to transmit PDSCH to the same UE. 

However, the PDSCH transmission is transparent to the UE, and the information data in one TB is transmitted simultaneously by both macro cell and RRH in frequency-selective DPS mode. Considering the different channel properties wrt {delay spread, received power, frequency shift, Doppler spread, received timing} may exist between the two serving sells and no compensation performed in UE implementation, the TB may not be correctly decoded due to the part of data with wrong timing or frequency or channel properties information. That is to say, frequency-selective DPS is more sensitive to synchronization and channel properties than non-frequency-selective DPS. 

Even if there is enough information for UE to perform frequency-selective DPS correctly, a UE should have the ability to estimate and store at least two set of demodulation information wrt {received timing, frequency shift, Wiener filter} and apply them to corresponding resources in one subframe, which arises the implementation complexity. Therefore, from UE complexity’s perspective, it would be more difficult to apply frequency-selective DPS.
Proposal 4: frequency-selective DPS is more sensitive to synchronization and channel properties than non-frequency-selective DPS. It may also increase the UE complexity due to the support of additional timing and frequency adjustment.
4 Discussion on quasi-collocation assumptions between antenna ports
The agreements of RAN1#69 on UE quasi-collocation assumptions for RS ports of the same type are summarized in [5] as follows:

· CRS may be assumed as quasi collocated by the UE wrt all long term channel properties {delay spread, received power, frequency shift, Doppler spread, received timing} within the serving cell

· DMRS for PDSCH may be assumed as quasi co-located within a subframe wrt to {delay spread, received power, frequency shift, Doppler spread, received timing} as baseline behaviour

· FFS whether DMRS for PDSCH may not be assumed as quasi co-located between different PRGs, wrt to any of properties {delay spread, received power, frequency shift, Doppler spread, received timing} and when this assumption would apply, where a common FFT timing may be used by the UE for reception of non quasi co-located DMRS ports.

· Observation: support depends on trade-off between performance gain with frequency selective DPS and impact on channel estimation due to the more restrictive quasi co-location assumptions. More study is needed for agreement. Aspects related to UE complexity and testing complexity should be also considered.

· For CoMP resource management set and CoMP measurement set, between CSI-RS resources: CSI-RS ports shall not be assumed as quasi co-located at least wrt {delay spread, received power, frequency shift, Doppler spread} 

· For CoMP measurement set, between CSI-RS resources: CSI-RS ports shall not be assumed as quasi co-located wrt received timing

· A common FFT timing may be used by the UE for reception of ports belonging to non quasi co-located CSI-RS resources.

· More discussion needed regarding additional co-location assumptions for CoMP resource management set wrt receiver timing.

A working assumption on CSI-RS was made for the CoMP resource management set:

· For CoMP resource management set, within a CSI-RS resource: CSI-RS ports may be assumed as quasi co-located wrt {delay spread, received power, frequency shift, Doppler spread, received timing}.

According to the summary of RAN1’s agreements and the above discussion, we discuss the remaining quasi-collocation assumptions between antenna ports: 
· CSI-RS ports in different resources (CRM set)
For CSI-RSRP measurements, according to RAN4’s evaluation [6], no significant performance difference was observed for different timing offsets between -3 µs and +3 µs. There is no need to define a quasi-collocation or a non-quasi-collocation assumption between CSI-RS resources in the CoMP resource management set with respect to received timing.
· CSI-RS ports in the same resource (CoMP measurement set)
There are some situations that CSI-RS ports are transmitted from different transmission points in the same CSI-RS resource for supporting joint transmission based on the framework of per-CSI-RS-resource feedback. So CSI-RS ports in the same resource in CoMP measurement set should not be assumed as quasi-collocated.
· DMRS ports associated with the same PDSCH
As proposed in section 3, DMRS ports should be assumed as quasi-collocated within a subframe and across PRGs.
· CRS and DMRS
Not quasi-collocated when CSI feedback is based on CSI-RS; otherwise quasi-collocated wrt {delay spread, received power, frequency shift, Doppler spread}.
· CRS and CSI-RS
Not quasi-collocated. 

· CSI-RS and DMRS
Not quasi-collocated by default. Potential signaling provides the quasi-collocation assumption between CSI-RS and DMRS for the scheduled PDSCH. The quasi-collocation assumption is relative to at least received timing, delay spread and Doppler spread.
5 Conclusion

This contribution provides an analysis of the impacts of non-quasi-collocation assumptions on UE demodulation performance. Simulation results show that a UE requires or would benefit from assuming quasi-collocation of certain antenna ports with respect to certain properties. Based on the discussion, we propose the following:
Proposal 1: The serving cell should make the UE have sufficient information to estimate the correct channel characteristics.
Proposal 2: Signaling of a CSI process index for the scheduled PDSCH can provide a UE with a reference for received timing and channel characteristics experienced by the DMRS and the PDSCH.
Proposal 3: It is important to consider frequency errors for non-quasi-collocation antenna ports since it will cause severe performance degradation.
Proposal 4: frequency-selective DPS is more sensitive to synchronization and channel properties than non-frequency-selective DPS. It may also increase the UE complexity due to the support of additional timing and frequency adjustment.
In addition, the proposed default assumptions are summarized in Table 2. RAN4 should take these into consideration when designing the performance tests and CSI tests. 
Table 2. Proposed UE assumptions on quasi-collocation
	Cases
	Quasi-collocation assumption

	CRS ports
	Quasi-collocated within serving cell (agreed at RAN1#69)

	CSI-RS ports in the same resource (CRM set)
	Quasi-collocated (confirm the working assumption)

	CSI-RS ports in different resources (CRM set)
	Not quasi-collocated at least wrt {delay spread, received power, frequency shift, Doppler spread} as agreed at RAN1#69. No need to specify any assumption with respect to received timing.

	CSI-RS ports in the same resource (measurement set)
	Not quasi-collocated

	CSI-RS ports in different resources (measurement set)
	Not quasi-collocated (agreed at RAN1#69)

	DMRS ports associated with the same PDSCH
	Quasi-collocated within a subframe and across PRGs.

	CRS and DMRS
	Not quasi-collocated when CSI feedback is based on CSI-RS; otherwise quasi-collocated wrt {delay spread, received power, frequency shift, Doppler spread}

	CRS and CSI-RS
	Not quasi-collocated

	CSI-RS and DMRS
	Not quasi-collocated by default. Signaling provides the quasi-collocation assumption between CSI-RS and DMRS for the scheduled PDSCH. The quasi-collocation assumption is relative to at least received timing, delay spread and Doppler spread.
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Annex

Table 3. Simulation Assumptions for geographically separated antenna deployment
	Parameter
	Serving Cell
	Macro Cell

	Carrier frequency
	2 GHz
	2 GHz

	System bandwidth
	10 MHz
	10 MHz

	Cell ID
	0
	0

	Channel model and Doppler frequency
	ETU5
	EVA5

	Transmitting signal
	CSI-RS + DMRS + Data
	CRS

	Transmission mode
	TM9
	N/A

	MIMO configuration
	2x2
	2x2

	CRS configuration
	N/A
	Antenna ports 0,1

	CSI reference signals
	Antenna ports 15,16
	N/A

	Resource allocation
	50
	N/A

	DMRS
	quasi-collocated DM-RS ports within a PRG
	N/A

	Rank
	2
	N/A

	PMI
	Random PMI
	N/A

	Modulation and Code rate
	64QAM 1/2
	N/A

	HARQ
	8 HARQ processes and max 4 transmissions
	N/A

	Doppler estimation
	Ideal
	Ideal

	PCFICH
	CFI = 2
	CFI = 2

	PCFICH/PDCCH detection
	Not considered
	Not considered

	Cyclic prefix
	Normal
	Normal

	Simulation length
	10000 sub-frames
	10000 sub-frames
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