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1 Introduction

In previous meeting the following agreement has been reached in RAN 1. Table 1 summarizes the quasi collocation hypothesis which can be assumed for ports which are used for CRSs, CSI-RS and DM-RSs, i.e. intra-RS collocation assumption.

Table 1. Intra-RS colocation hypothesis.
	CRS
	CSI-RS 
	PDSCH DMRS

	May be assumed as quasi co-located wrt all large-scale properties of the channel {delay spread, average gain, frequency shift, Doppler spread, average delay} within the serving cell.
	Within a CSI-RS resource, CSI-RS ports may be assumed as quasi co-located wrt {delay spread, average gain, frequency shift, Doppler spread, average delay}.

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


Table 2 summarizes the collocation hypothesis which have been agreed in RAN 1 between different RS types, i.e. Inter-RSs collocation assumption.
Table 2. inter RS colocation hypothesis.

	 
	CSI-RS
	PDSCH DMRS
	PSS/SSS

	CRS
	Behaviour A: CRS, CSI-RS and PDSCH DMRS may be assumed as quasi co-located wrt {delay spread, frequency shift, Doppler spread, average delay}
Behaviour B: CRS and CSI-RS shall not be assumed as quasi co-located wrt {delay spread, frequency shift, Doppler spread, average delay }
	Behaviour A: CRS, CSI-RS and PDSCH DMRS may be assumed as quasi co-located wrt {delay spread, frequency shift, Doppler spread, average delay}
Behaviour B: CRS and PDSCH DMRS shall not be assumed as quasi co-located wrt {delay spread, frequency shift, Doppler spread, average delay}
	PSS/SSS and CRS ports for a serving cell may be assumed as quasi co-located wrt {frequency shift, average delay}.

	CSI-RS
	 
	Behaviour A: CRS, CSI-RS and PDSCH DMRS may be assumed as quasi co-located wrt {delay spread, frequency shift, Doppler spread, average delay}
Behaviour B: PDSCH DMRS and a CSI-RS resource indicated by physical layer signalingmay be assumed as quasi co-located wrt {delay spread, frequency shift, Doppler spread, average delay}
	 


2 Simulation set up
The following simulation set up has been used here for the analysis of the performance.

· Open loop simulations (FRC) 

· 64QAM with coding rate 0.75, 

· 16QAM with coding rate 0.5 

· QPSK with coding rate 0.33 

· 2 TPs to be modeled in the simulation. However 2 PDP is not necessarily mandated; companies to indicate CRS transmitted from both TPs or single TP.
· Metric: Tput vs SNR
· Tx EVM included
· Carrier bandwidth=10MHz, Carrier frequency =2.6GHz

· Channel model: EVA5, EPA5, ETU5 (Note also that higher doppler can be considered).

· Transmission mode: TM9, 4x2 low, optional 2x2
· PDSCH Resource allocation: 3, 50 PRBs

· Simulation length= 10000 subframes

· Timing range = -2.5:0.5:2.5usec for the purpose of the study 
· Channel estimation, synch algorithms, frequency tracking algorithms, PDP and delay spread estimators: practical by considering Behaviour B
· For timing:

· Companies to indicate: CSI-RS based or DMRS based; pre- or post-FFT correction

· For minus timing offset, indicate method for correction

· FFT boundary is determined based on practical timing tracking algorithm based on CRS
· Fixed shift is allowed
The simulations are provided according the following cases:

· Case1: Performance impact due to timing error (High priority)
· Case 3: study the performance for UE which wrongly assumes behaviour A.
· Case 4: study the impact of FFT boundary shifts to UE CRS based operation.
Performance results will be provided as a comparison between behaviour A (when everything is colocated) and B. In the previous meeting document [1] provided already an extensive set of simulation results. In this meeting the results are updated by considering PDP and SNR estimation by considering behaviour B as mentioned in the simulation set up.
Note that when behaviour A is considered, i.e. 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.
Open loop simulations are used in order to see directly the impact on PDSCH demodulation because of DM-RSs and CSI-RS posticipated or anticipated wrt CRS.  
In the following a positive delay means that the DM-RSs or CSI-RS are posticipated wrt CRSs while negative delays means that they are anticipated, as shown in the figure below:

[image: image1]
3 Open loop simulations

In this simulation set up two TPs are considered where CRSs are sent from a single TP. We provide here simulation results for DM-RS based timing offset estimation, with post FFT correction. No special handling is used here in order to extend the negative timing offset range.

Figures 1-8 show the throughput performance vs SNR for behavior A (everything is collocated) and behavior B (DM-RSs and CSI-RS are assumed as collocated) for EPA (positive and negative delays respectively and for 3 and 50PRB allcoation) EVA (positive and negative delays respectively and for 3 and 50PRB allocation). In the annex the results are also provided for ETU.  Additionally figures 9 to 12 show that the throughput performance vs timing offsets for fixed SNR as an example for EPA for 3 and 50PRB allocation and EVA for 3 and 50PRB allocation respectively.  
Figures 9-26 show also the performance of a UE which wrongly follows behaviour A when behavior B is signaled by the network, for the following conditions: 
· EVA= -0.5, 1, 1.5, 2.5musec, 3PRB and 50PRB allocation
· EPA = -1, 1, 2, 3musec, 3PRB and 50PRB allocation
· ETU = 1 musec, 3PRB and 50PRB allocation
These figures show clearly that when the timing offset is sufficient there is a large degradation of the performance when the UE wrongly consider behavior A rather than behavior B.
Observations
1. In General, for all channel conditions:

a. Sensitivity to negative and positive timing offset is not the same as shown by the asymmetric degradation in Figures 1-8 and A.1-A.4; as expected a more stable performance is achieved for positive delays. 
2. EPA 
a. For positive timing offset the degradation is negligible up to the simulated value 2musec (additional internal simulations show that this is the case up to >3musec) and high SNR. The degradation slightly increase (but still small degradation) for low/medium SNR. Positive delays are basically not affected by the number of allocated PRBs for high SNR, for low SNR the already small degradation is partially compensated when increasing the number of allocated PRBs.
b. EPA is more sensitive to negative offsets. For low PRB allocation the degradation is negligible for high SNR up to -1musec, while for low SNR the degradation is small up to -1.5musec. For high PRB allocation the figures show that the performance are highly degraded for offsets in the order of -1.5musec compared to the degradation obtained when 3PRBs are allocated. 
c. This can be explained by the fact that large allocations have more code blocks, and the BLER of the transport block is obtained by the BLER of each code-block as BLERTB=1-(1-BLERCB)N, where N is the number of code-blocks.
d.  It is concluded that the possible range for timing offset for EPA for all SNR is [-1,3](s.
3. EVA 

a. For positive timing offset the same observations as for EPA are applicable for EVA as well. The results show that a negligible degradation in performance is observed when increasing the timing offset from 0.5musec up to the simulated value 2mus (additional internal simulations show that this is the case up to >2.5musec). The results show that the degradation almost the same for all the SNR range. When increasing the number of allocated resource blocks the degradation of the performance is considerably reduced as expected. 
b. EVA is more sensitive to negative offsets. For small PRB allocation the degradation is negligible for high SNR up to -1musec, while for low SNR the degradation is small up to -1.5/-2musec. For high PRB allocation the figures show that the performance are degraded for offsets greater than -0.5musec for high SNR>20dB. The results show small loss for timing offsets up to -1/-1.2 for SNR<20dB or even higher for lower SNR. 
c. It is concluded that the possible range for timing offset for EVA for all SNR is [-0.5,2.5](s.

4. ETU channel is the most sensitive channel and the performance are dropping when the timing offset is outside the range [-0.5, 1.5-2](s. This is due to the particularity of the ETU channels which a large rms delay spread of 1 musec and a maximum excess tap delay which is at the border of the CP. 
5. From the figures comparing the degradation of the performance when the UE is wrongly assuming behavior A when behavior B is signaled, it is clear that ETU is the less sensitive and it can be difficult to discriminate between a UE estimating the timing independently from CRSs and a UE who instead estimates the timing based on CRS even if behavior B is signaled. For this reason it is proposed to consider EVA or EPA to set the requirements.
6. For EPA and EVA the simulation results show that it is easy to discriminate between the correct UE implementation and a wrong behavior A assumption for timing error at the extreme of the ranges mentioned above in high SNR region. It seems difficult to discriminate between the two behaviors in medium/low SNR region. Hence timing offset and SNR values should be carefully chosen for the definition of the test. Additionally for lower modulation order it is more difficult to discriminate between the two behaviors. Hence, this motivate the need for at least one test based on 64QAM with high coding rate as used in the simulation set up. 
7. These simulations are conducted without any methods to cope with negative timing offset. If supporting some negative timing offset is needed some methods based on shifting the FFT timing can be considered. It is proposed to discuss in terms of total range supportable by the UE for the time being. Simulation results show that the possible range is between 3 and 4musec depending on the channel conditions.
The following is proposed:
1. Do not define requirements based on ETU.

2. Consider EPA or EVA with a sufficiently large timing offset which allows to discriminate between a UE which follows behavior B and a UE which follows behavior A (even if behavior B is signaled and if the NW has a non collocated deployment). The values at the extreme of the range proposed below seem to be good candidates at least for 64QAM and medium/high SNR range.
3. If supporting some negative timing offset is needed some methods based on shifting the FFT timing can be considered. It is proposed to discuss in terms of total range supportable by the UE for the time being. 

4. It is concluded that the possible range for timing offset for EPA for all SNR is [-1, 3](s, i.e. a range of 4musec.

5. It is concluded that the possible range for timing offset for EVA for all SNR is [-0.5,2.5](s, i.e. a range of 3musec.
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Figure 1.EPA, 3PRB
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Figure 3.EPA, 50PRB
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Figure 5. EVA, 3PRB
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Figure 6. EVA, 3PRB
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Figure 7. EVA, 50PRB

[image: image9.png]Throughput (bps)

25

EVA

DMRS channel analyzer, behavior B,
DMRS channel analyzer, behavior B,
DMRS channel analyzer, behavior B,
DMRS channel analyzer, behavior B,
DMRS channel analyzer, behavior B,
DMRS channel analyzer, behavior B,
DMRS channel analyzer, behavior B,
DMRS channel analyzer, behavior B,
DMRS channel analyzer, behavior B,
DMRS channel analyzer, behavior B,
DMRS channel analyzer, behavior B,
DMRS channel analyzer, behavior B,
DMRS channel analyzer, behavior B,
DMRS channel analyzer, behavior B,
DMRS channel analyzer, behavior B,
CRS channel analyzer, behavior A,

CRS channel analyzer, behavior A,

CRS channel analyzer, behavior A,

QPSK, Delay =0
QPSK, Delay = 5e-007
QPSK, Delay = 1e-006
QPSK, Delay = 1.5e-006
QPSK, Delay = 2e-006
16QAM, Delay = 0
16QAM, Delay = 5e-007
16QAM, Delay = 1e-006
16QAM, Delay = 1.5e-006
16QAM, Delay = 2e-006
64QAM, Delay = 0
64QAM, Delay = 5e-007
64QAM, Delay = 1e-006
64QAM, Delay = 1.5e-006
64QAM, Delay = 2e-006

QPSK, Delay =0

16QAM, Delay = 0

64QAM, Delay = 0

@

@

@

@

SNR (dB)

25

30





Figure 8. EVA, 50PRB
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Figure 9. EPA, -1musec, 3PRB
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Figure 10. EPA, -1musec, 50PRB
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Figure 11. EPA, 1musec, 3PRB
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Figure 12. EPA, 1musec, 50PRB
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Figure 13. EPA, 2musec, 3PRB
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Figure 14. EPA, 2musec, 50 PRB
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Figure 15. EPA, 3musec, 3PRB
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Figure 16. EPA, 3musec, 50PRB
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Figure 17. EVA, -0.5musec, 3PRB
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Figure 18. EVA, -0.5musec, 50PRB
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Figure 19. EVA, 1musec, 3PRB
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Figure 20. EVA, 1musec, 50PRB
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Figure 21. EVA, 1.5musec, 3PRB
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Figure 22. EVA, 1.5musec, 50PRB
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Figure 23. EVA, 2.5musec, 3PRB
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Figure 24. EVA, 2.5musec, 50PRB
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Figure 25. ETU, 1musec, 3PRB
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Figure 26. ETU, 1musec, 50PRB

4 Conclusions

In this paper we have analyzed the effect of timing offset to FRC performance for several conditions.
The following is proposed:

6. Do not define requirements based on ETU.

7. Consider EPA or EVA with a sufficiently large timing offset which allows to discriminate between a UE which follows behavior B and a UE which follows behavior A (even if behavior B is signaled and if the NW has a non collocated deployment). The values at the extreme of the range proposed below seem to be good candidates at least for 64QAM and medium/high SNR range.
8. If supporting some negative timing offset is needed some methods based on shifting the FFT timing can be considered. It is proposed to discuss in terms of total range supportable by the UE for the time being. 

9. It is concluded that the possible range for timing offset for EPA for all SNR is [-1, 3](s, i.e. a range of 4musec.

10. It is concluded that the possible range for timing offset for EVA for all SNR is [-0.5, 2.5](s, i.e. a range of 3musec.

5 Annex

In the annex we provide the results for ETU in terms of timing.
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Figure A.1. ETU, 3PRB
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Figure A.2. ETU, 3PRB
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Figure A.3. ETU, 50PRB
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Figure A.4 ETU, 50PRB
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