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1 Introduction

In RAN 1 #69 the following agreement was reached in the context of quasi collocated antenna ports (with the assumption that a common FFT timing may be used by the UE for reception of non quasi co-located ports):

CRSs are always quasi colocated
DM-RSs:  Baseline assumption is that DM-RSs are quasi colocated  witin a subframe (in a wideband manner), FFS when the baseline UE behaviour is applied., FFS if per PRG non colocated DM-RSs is supported as UE behaviour.  

CSI RS: 

· COMP Resource Management set (RSRP measurements): CSI-RSs belonging to the same configuration are collocated, CSI-RSs belonging to different CSI-RSs configurations are non colocated w.r.t all the parameters but timing, FFS if CSI-RSs belonging to different CSI-RSs configurations are non colocated w.r.t timing. 
· COMP Measurement set (CSI feedback): CSI-RSs belonging to different CSI-RSs configurations are non colocated w.r.t all the parameters, FFS if CSI-RSs belonging to the same configuration are quasi colocated or not
In RAN 4 63 the following way forward was reached:

· UE may operate with a single FFT timing per receive antenna port to perform all CSI and demodulation related operations.

· CRS ports are quasi colocated for the serving cell
· Scenarios

· Simulation for non-quasi-collocated DM-RS ports within a subframe. DM-RS ports are quasi-collocated within each PRG but non-quasi-collocated across different PRGs within a subframe.

· Link level simulations showing throughput vs. SNR if closed loop simulation is performed.

· Link level simulations showing BLER if FRC simulation is performed 

· If possible existing FRC and TMs could be considered for the analysis

· Simulation for Comp Measurement set

· Non-quasi collocated inter resources CSI-RSs

· Comparison between colocated and non colocated intra resources CSI-RSs  
· Large scale parameters for non-quasi-collocation

· timing offset

· Interested companies can study other aspects

In the following section we provide our view on collocation assumptions for the study to carry on for the next meeting.
2 Discussion
Several points are still under discussion in RAN 1 and might be tentaively agreed in this meeting, such as for example the working assumption for CSI-RS intra-resource collocation and the relation between DM-RSs and CSI-RSs.
It is recommended in RAN 4 not to anticipate RAN 1 work and to allow RAN 1 to discuss and decide the assumptions which can be considered to base the test upon. Of course if RAN 4, during the performance work, discovers issues these can be communicated to RAN 1. However, in order to avoid crossing information and in order to plan the work in an efficient way we think it is important to wait for RAN 1 feedbacks on the collocation hypothesis. 
Proposal 1: wait for RAN 1 feedbacks on the remaining collocation hypothesis without anticipating RAN 1 work.

Additionally RAN 4 needs to conclude on several aspects related to the sensitivity to the large scale parameters of the channel. 
The “large-scale properties” of the channel are:
· Delay spread 

· Doppler spread 

· Frequency shift

· Average received power 

· Received Timing
We have already analyzed received timing wrt DM-RSs. And conclusions can be found in [1].
However RAN 4 still needs to take a decision on whether

· to explicitly model these large scale properties to derive RAN 4 performance

· what is the valid range and what are the conditions which could be considered for developing performance requirements. 

In the following we provide our view and a possible way forward for the next meeting.

Delay Spread

In general the delay spread can be different depending on the channel model considered for the test. If the nodes are non co-located the channel model considered should be different in order to make sure that the UE correctly estimate the delay spread independently for each node.

Simulation results should be carried on to understand the sensitivity wrt estimation of the delay spread. In particular simulation results should reveal the performance degradation due to a UE erroneously estimating the delay spread by considering the quasi collocation assumption.
Proposal 2: Study the sensitivity of delay spread estimation with non quasi collocation assumption.  

Doppler Spread

The Doppler spread is mainly linked to the speed of the UE (coherence time of the channels). The speed of UE does not change depending on the transmission node hence it can be considered that a single UE speed estimation can be done by the UE. So we propose not to consider different Doppler spread values for different nodes.
Proposal 3: Do not consider different Doppler Spread for different nodes.
Doppler Shift

The doppler shift depends on the relative movement of the UE w.r.t the nodes. Since only the UE is moving the absolute value of the Doppler shift is the same for all the nodes and only the sign may change. It can be discussed further whether this parameter needs to be study further.
Proposal 4: Discuss further whether to perform additional study based on this parameter.
Frequency error

Independent frequency errors between the different transmission points may impact the performance as it was already recognized under carrier aggregation performance analysis by some companies. Here, the frequency error can not be guaranteed to be arbitrarily small between the different nodes and the normal frequency error specifications would apply for the different nodes as reported below.

	BS class
	Accuracy

	Wide Area BS
	±0.05 ppm

	Local Area BS
	±0.1 ppm

	Home BS
	±0.25 ppm


So it is important to consider independent frequency errors for non quasi collocated groups of ports.

Of course even though the UE is capable of handle independent frequency errors for different non quasi collocated ports the performance may be degraded due to the loss of estimation accuracy.

Proposal 5: Evaluate the impact of frequency error on the overall performance when quasi collocation assumption can not be assumed.

Average received power 

The average received power may vary depending on the scenarios for non quasi colocated groups of ports, this may be for example the results of scheduling decisions in the eNB or different power setting at the eNB. Additionally the received power may be different depending on the relative position of the UE w.r.t the nodes. It is important to define scenarios with a sufficiently large power imbalance in order to make sure that the UE is capable of provide sufficient gains in several realistic scenarios.
In particular under heterogeneous deployment the Cell Range Extension (CRE) can be used in order to bias the handover offset values of some UEs to transfer them to the pico cell. This means that for certain UEs located at the edge between the CRE of the pico and the macro the power imbalance between CRSs and CSI-RSs and between different CSI-RSs configurations can be as high as the CRE offset depending on the configurations. In Rel-11 CRE bias can be up to 9 dB according to RAN1 LS in R4-120809. Additionally the power imbalance between the DM-RSs and CRSs depends on the PDSCH and ePDCCH transmission and on the parameters associated with the transmissions, and they should be scenario dependent, document R1-123746 mentions that a power imbalance up to 15dB can be considered.
Hence the following proposal:
Proposal 6: Evaluate the impact of power imbalance on the overall performance when quasi collocation assumption can not be assumed. 
By considering the above mentioned argumentation we propose the following way forward as a study to conduct in the next meeting:

Consider the following scenario
· Simulation for non-quasi-collocated DM-RS ports within a subframe. 

· Link level simulations showing throughput vs. SNR if closed loop simulation is performed.

· Link level simulations showing BLER if FRC simulation is performed 

· If possible existing FRC and TMs could be considered for the analysis

· Simulation for Comp Measurement set

· Non-quasi collocated inter resources CSI-RSs, colocated intra-resources CSI-RS.
· Large scale parameters for non-quasi-collocation

· Delay spread: 

· check the effect of delay spread estimation based only on DM-RS 

· check the effect of delay spread estimation based only on CSI-RS

· Frequency error: 

· check the effect of frequency error estimation based only on DM-RS 

· check the effect of frequency error estimation based only on CSI-RS

· RANGE of frequency error up to 0.2ppm 

· Averaged Received Power

· check the effect of averaged received power estimation based only on DM-RS 

· check the effect of averaged received power estimation based only on CSI-RS

· RANGE of Averaged received power: For CSI-RSs up to 9dB. For DM-RSs up to 15dB.
Additionally companies could check the effect of wrong UE implementation (UE erroneously uses the collocation assumption to estimate the large scale parameters).

It should be discussed which aspect to simulate first, i.e. which study to prioritize for the next meeting.
3 Conclusions

For future meeting consider the following scenario

· Simulation for non-quasi-collocated DM-RS ports within a subframe. 

· Link level simulations showing throughput vs. SNR if closed loop simulation is performed.

· Link level simulations showing BLER if FRC simulation is performed 

· If possible existing FRC and TMs could be considered for the analysis

· Simulation for Comp Measurement set

· Non-quasi collocated inter resources CSI-RSs, colocated intra-resources CSI-RS.
· Large scale parameters for non-quasi-collocation

· Delay spread: 

· check the effect of delay spread estimation based only on DM-RS 

· check the effect of delay spread estimation based only on CSI-RS

· Frequency error: 

· check the effect of frequency error estimation based only on DM-RS 

· check the effect of frequency error estimation based only on CSI-RS

· RANGE of frequency error up to 0.2ppm 

· Averaged Received Power

· check the effect of averaged received power estimation based only on DM-RS 

· check the effect of averaged received power estimation based only on CSI-RS

· RANGE of Averaged received power: For CSI-RSs up to 9dB. For DM-RSs up to 15dB.

Additionally companies could check the effect of wrong UE implementation (UE erroneously uses the collocation assumption to estimate the large scale parameters).
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