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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 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 simulation results and discussion on the above highlighted bullet point by considering the assumptions agreed in the way forward. The analysis is done wrt to timing difference.
2 DM-RSs: Results and Discussions
The following conditions have been simulated:
· FRC scenarios: 
· 64QAM with coding rate 0.75, 
· 16QAM with coding rate 0.5 
· QPSK with coding rate 0.33
· MHz with 512 FFT size
· Timing offsets is per simulation
· Channel conditions: EPA5, EVA5, ETU5
· The phase rotation on DMRS is estimated in a wideband manner or per PRG based on a PRG size of 2 depending on the results.
· When collocation is assumed, the algorithm is based on a practical sync algorithm which exploits the sync signal and CRS. In other words, it provides a reliable timing estimate.
Figures 1 and 2 show the performance for EPA5, Figures 3 and 4 for EVA5 and Figures 5 and 6 for ETU5 for a DM-RS working agreement, i.e. DM-RSs are collocated in a wideband manner per subframe. Figures 2, 4 and 6 show the zoom in the low SNR region. The simulated delays are 0, 500, 1000,1500 and 2000ns.

The figures represent the degradation in throughput due to loss in accuracy because of the reduced amount of data compared to the use of CRS to do the timing estimation and additionally the degradation of the performance because of the timing offset between CRS and DM-RS which introduces more ISI.
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Figure 1: EPA5 performance for 64QAM, 16QAM and QPSK
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Figure 2: EPA5 performance for 64QAM, 16QAM and QPSK, zoom low SNR region
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Figure 3: EVA5 performance for 64QAM, 16QAM and QPSK
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Figure 4: EVA5 performance for 64QAM, 16QAM and QPSK, zoom low SNR region
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Figure 5: ETU5 performance for 64QAM, 16QAM and QPSK.
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Figure 6: ETU5 performance for 64QAM, 16QAM and QPSK, low SNR region
Figures 1-4 show that the degradation due to timing is acceptable for EPA 5 and EVA 5 (~0.2dB), while for ETU5 the degradation becomes large for high SNR and 64QAM. This is due to the particularly large delay spread of the ETU channel which consumes all the CP. The introduction of a timing offset  (even a timing offset of +1(sec ) degrades the performance by ~2dB at 90% of the maximum throughput. 64QAM is of course more sensitive w.r.t other more robust modulation schemes which show less degradation do the increase in ISI as shown in Figure 6.
The line with delay 0 in Figure 5 (red line with circles for 64QAM modulation) shows the degradation of the performance due to DM-RS based only timing estimation (per subframe), hence this curve represents the degradation due to the loss of accuracy because of the non collocation assumption with CRS.  
Figure 7 and 8 provides the comparison between the performance obtained with DM-RS collocated in a wideband manner per subframe and the performance obtained when the estimation is done per PRG for ETU. In this figures positive and negative delays are shown respectively. Figures 9 and 10 give the same results for EVA.

In the figures the delay is defined as delay= DM-RSs timing –CRS timing.
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Figure 7. ETU, performance degradation of per PRG wrt per subframe estimation for several delays (delay= DM-RSs timing –CRS timing).
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Figure 8. ETU, performance degradation of per PRG wrt per subframe estimation for several delays (delay= DM-RSs timing –CRS timing).
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Figure 9. EVA, performance degradation of per PRG wrt per subframe estimation for several delays (delay= DM-RSs timing –CRS timing).
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Figure 10. EVA, performance degradation of per PRG wrt per subframe estimation for several delays (delay= DM-RSs timing –CRS timing).

From these figures the following can be concluded:
When small delays are considered the effect of the loss in accuracy due to the PRG timing estimation is important and it may incur a ~0.5 performance degradation. This is obtained when considering 70% of the maximum throughput as operating range and comparing the loss in performance between per subframe estimation and per PRG estimation at 0 delay. When the delay increases (>1(sec) per subframe and per PRG estimation give the same performance, i.e the performance loss is dominated by the increase in ISI; This is particularly due to the large delay spread of the ETU channel. Hence if a timing delay of 1(sec is considered in the RAN 4 test set up it will be difficult to discriminate between a UE which does per PRG estimation and a UE which does per subframe estimate.
For negative delays  the results are obtained without any FFT fixed shift. It can be seen that the performance is more sensitive to the introduction of the delay. When FFT shift is considered it can be argued that delays up to -1( sec can be acceptable.

For EVA the performance degradation is small for positive delays up to 2(sec. For negative delays the loss in performance is high for delays <-1(sec, while negligible for delays (-0.5(sec. Again when FFT shift is considered it can be argued that delays up to -1( sec can be acceptable.

The conclusion of this study is that we recommend 
If ETU channel is considered for the definition of the performance  
· RAN 4 should model explicitly a timing offset of DM-RSs vs CRSs in the range of [-1, +1](sec. 

· The subframe DM-RS collocation assumption wrt to timing could be used to derive the performance requirements in RA N 4 in order to facilitate the test set up. 

· If per PRG DM-RS timing estimation UE capability needs to be verified, the timing offset should be reduced in order to make sure to discriminate between a wrong and a correct UE implementation.

If other channel models are considered, 
· The difference between per PRG and per subframe estimation is small and hence it is proposed to define the test based on a subframe DM-RS collocation hypothesis.
· Performance requirements can be defined with a timing offset in the range of [-1, +1.5/2](sec.
Nothing for the time being can be concluded on the other large scale parameters of the channel.

3 CSI-RS

For CSI-RS resources it was already agreed that inter-resouces CSI-RSs should be considered as non collocated. It is still open in RAN 1 whether to consider intra resources CSI-RSs as collocated or not.

A resource is a specific configuration  in terms of duty cycle, subframe offset, pattern and antenna ports. Under Comp each CSI-RS resource can be associated with one or more CSI-processes for which a special interference configuration is associated. 

CSI-RS are very sparse compared to CRSs. These RSs have not been designed for fine time tracking. Hence care should be taken when too generic assumptions on collocations are considered.
In order to reduce the UE complexity and in order to provide an acceptable timing estimation which does not degrade the performance of the feedback and the overall performance it is recommended to consider intra- resources CSI-RS as quasi collocated. 
It should be noted that CSI-RSs are roughtly half as sparse as DM-RSs in frequency domain, hence half of the resolution achieved by DM-RSs can be achieved. 
Proposal: consider quasi collocated intra- resources CSI-RS as working assumption.
4 Conclusions

The conclusion of this study is that we recommend 

If ETU channel is considered for the definition of the performance  

· RAN 4 should model explicitly a timing offset of DM-RSs vs CRSs in the range of [-1, +1](sec. 

· The subframe DM-RS collocation assumption wrt to timing could be used to derive the performance requirements in RA N 4 in order to facilitate the test set up. 

· If per PRG DM-RS timing estimation UE capability needs to be verified, the timing offset should be reduced in order to make sure to discriminate between a wrong and a correct UE implementation.

If other channel models are considered, 

· The difference between per PRG and per subframe estimation is small and hence it is proposed to define the test based on a subframe DM-RS collocation hypothesis.

· Performance requirements can be defined with a timing offset in the range of [-1, +1.5/2](sec.
Nothing for the time being can be concluded on the other large scale parameters of the channel.

Additionally it is recommended to consider quasi collocated intra- resources CSI-RS as working assumption.
