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1 Introduction
In RAN 63 a WI was approved for NAICS with the following objectives for RAN 4 [1].
· (RAN4)  Identify and agree on the parameter combinations that could be blindly detected jointly, including if under any subset restriction for any parameters.
The intention of this objective is to conclude on the feasibility of parameters blind detection in a timely manner. One of the parameter which was discussed only very recently is the Quasi Co-Location (QCL) assumption the UE has to consider for the interfering cell(s) when the interfering cells uses a CoMP transmission mode where time and frequency errors can affect the channel estimation. When the UE is in a CoMP set up, it receives QCL assumptions from its own cell including information on which CRS and CSI-RS resources can be considered as collocated wrt the DM-RS resource with the aim of compensating potential time and frequency errors between transmission points which can affect overall throughput.
In the following we are discussing the need to acquire Neighbour Cell (NC) QCL information for a NAICS UE.
2 Discussion

Under CoMP operation the UE estimates the timing difference and frequency difference between Transmission Points (TPs) by exploiting the quasi colocation information, i.e. CRS resources which can be considered to be quasi collocated wrt DM-RS can be used to estimate the frequency error and CSI-RS resources which can be considered to be collocated wrt DM-RS can be used in order to estimate the timing error. In general, the UE has to estimate and compensate for timing and frequency error, in order to provide sufficiently good performance. However, the introduction of such information also for neighbouring cell may be cumbersome. Hence, in the following we are evaluating and comparing the throughput performance when the timing and frequency error estimation is performed based on DM-RS rather than CRSs or CSI-RSs.
2.1 Timing error estimation
CSI-RS resources which can be considered to be collocated with DM-RS are used in general to perform timing error estimation. In CoMP, one of the reasons to consider timing error is related to the potential need to timing compensation also for CSI reporting. In case of NAICS UE who mitigates/cancels CoMP-based type of interference, the timing error estimation and compensation is only needed for the purpose of estimating correctly the neighbor cell channel only when PDSCH transmission is present. Hence, it can be concluded that DM-RSs will be always available.
We consider the following simulation set up: 

· 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. 
· Metric: Tput vs SNR

· Tx EVM included

· Carrier bandwidth=10MHz, Carrier frequency =2.6GHz

· Channel model: EVA5, EPA5, ETU5 

· Transmission mode: TM10, 4x2 low, optional 2x2

· PDSCH Resource allocation: 3, 50 PRBs

· 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

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 and CSI-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 and 2 show the performance obtained with DM-RS timing error estimation and figure 3 shows the performance when CSI-RS are considered for the timing error estimation.

As it can be seen in the range agreed under CoMP scenario (-0.5 — 2)(s, DM-RS based timing error estimation is providing close to optimal performance. While CSI-RS based timing error estimation shows some losses at high SNR, in case of DM-RS based timing error estimation some small losses can be seen at low SNR. 
However, the main NAICS gains are seen when a strong interferer is present (see target I1/Noc values) and mainly when the interferer is transmitted with a low order modulation. Under these conditions DM-RS timing error estimation guarantees good performance even with small PRB allocation.
Observation 1: The main NAICS gains are seen when a strong interferer is present  (see target I1/Noc values) and mainly when the interferer is transmitted with a low order modulation. Under these conditions DM-RS timing error estimation guarantees good performance even with small PRB allocation.

Proposal 1: consider DM-RS based timing error estimation for the purpose of neighbour cells channel estimation which schedule data in a CoMP set up.
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Figure 1.EPA, 3PRB resource allocation, negative timing offsets (in CoMP the range is limited to -0.5musec).
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Figure 2.EPA, 3PRB resource allocation, positive timing offsets.
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Figure 3. PDSCH performance, EPA5, CSI-RS based timing error estimation, 3PRB allocation

3 Frequency error estimation
CRS which can be considered to be collocated wrt DM-RS, are used in general to perform frequency error estimation. 
In the following we consider the following set up and we compare the performance obtained when CRS based frequency error estimation with those obtained in case of DM-RS-based frequency error estimation.
· Open loop simulations (FRC) 

· 64QAM with coding rate 0.75, 

· 16QAM with coding rate 0.5 

· QPSK with coding rate 0.33 

· 2 TPs are modelled in the simulation. 
· Case 1. CRSs are sent from a single TP and 
· Case 2. Colliding CRSs are considered.  Non serving CRS (which are colocated with DM-RSs) are received with a certain SNR= -14:3dB.
· Metric: Tput vs SNR

· Tx EVM included

· Carrier bandwidth=10MHz, Carrier frequency =2.6GHz

· Channel model: EPA5
· Transmission mode: TM10, 2x2

· PDSCH Resource allocation: 3, 50 PRBs

· Frequency range =0:200Hz as per CoMP agreements
· Channel estimation, synch algorithms, frequency tracking algorithms, PDP and delay spread estimators: practical by considering Behaviour B

It should be noted that when the estimation is done based on DM-RS also the actual timing difference is estimated via DM-RS and the derotation based on the estimated timing offset is applied even if the actual timing difference is 0 in the simulation. This means that the performance results do not only take into account the effect of frequency error but also the effect of a possible residual timing error estimate.
The results obtained for DM-RS-based frequency error compensation are not affected by different non serving cell CRSs SNR. 
Figures 4 and 5 show the performance for DM-RS based frequency error estimation for case 1 and case 2, Figures 6-9 show the performance for CRS-based frequency error estimation for case 2.
CRS-based frequency error estimation is of course sensitive to the CRS SNR.

Under NAICS work, colliding CRS case has been considered so far extensively as it seems to be the scenario where NAICS receiver provides higher performance benefits. Under this condition, in case of low serving cell SINR range the CRS SNR is ~0dB which allows for good frequency error estimation, but in case of serving cell mid-SINR condition, the CRS SNR of the neighbour cell could be low (<-8dB) which may lead to unreliability of CRSs and performance degradation. However, the main degradation of the performance is seen for high order modulation (64QAM) while QPSK performance seems not to be very sensitive to frequency estimation error.  
The performance obtained for DM-RS based frequency error estimation does not depend on the CRS SNR level. In general DM-RS based frequency error estimation allows for good frequency error estimation; the performance is close to optimal for the high SNR range and only small degradation is noticed in the small SNR region. In general low order modulation is less sensitive to frequency error. Under NAICS conditions, considering that the main NAICS gains are seen when a strong low order modulated neighbour cell is present, it can be concluded that DM-RS based frequency error allows for close to optimal throughput performance even for small PRB allocation.  

Observation 2: The main NAICS gains are seen when a strong interferer is present  (see target I1/Noc values) and mainly when the interferer is transmitted with a low order modulation. Under these conditions DM-RS frequency error estimation guarantees good performance even with small PRB allocation.

Proposal 2: consider DM-RS based frequency error estimation for the purpose of neighbour cells channel estimation which schedule data in a CoMP set up.
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Figure 4. EPA, DM-RS based estimation, 3PRB, case 1
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Figure 5.  EPA, freq error 300Hz, 5MHz, 3PRB allocation, Rank 2, DM-RS used for frequency error estimation, case 2.
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Figure 6.  EPA, freq error 0Hz, 5MHz, CRS-based frequency error estimation, 3PRB allocation, Rank 1, 1 CRS ports, case 2
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Figure 7.  EPA, freq error 300Hz, 5MHz, CRS-based frequency error estimation, 3PRB allocation, Rank 1, 1 CRS ports, case 2.
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Figure 8.  EPA, frequency error 0Hz, 5MHz, CRS-based frequency error estimation, 3PRB allocation, Rank 2, 1 CRS ports, case 2.
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Figure 9.  EPA, freq error 300Hz, 5MHz, CRS-based frequency error estimation, 3PRB allocation, Rank 2, 1 CRS ports, case 2.
4 Conclusions

In this paper we have discussed the need for neighbour cell QCL information in the context of NAICS.
The following observations and proposals can be drawn.

Observation 1: The main NAICS gains are seen when a strong interferer is present  (see target I1/Noc values) and mainly when the interferer is transmitted with a low order modulation. Under these conditions DM-RS timing error estimation guarantees good performance even with small PRB allocation.

Proposal 1: consider DM-RS based timing error estimation for the purpose of neighbour cells channel estimation which schedule data in a CoMP set up.

Observation 2: The main NAICS gains are seen when a strong interferer is present  (see target I1/Noc values) and mainly when the interferer is transmitted with a low order modulation. Under these conditions DM-RS frequency error estimation guarantees good performance even with small PRB allocation.

Proposal 2: consider DM-RS based frequency error estimation for the purpose of neighbour cells channel estimation which schedule data in a CoMP set up.

Hence in conclusion the following is proposed. 

Proposal 3. In order to reduce the need for signaling, and considering that DM-RS based timing and frequency error estimation provides sufficiently good performance results, it is proposed to assume that the UE can exploit DM-RS in order to estimate CoMP impairments and that neighbour cell QCL information is not needed.
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