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1 Introduction

In the last RAN TSG meeting the study item on Network Assisted Interference Cancellation was approved. Document [1] provides the study item description including the objectives for RAN 1 and RAN 4.  The SID mentions that RAN 1 should study and evaluate the feasibility and potential system level gain and develop system level modelling methodologies for the IS/IC receivers including input from RAN4 on relevant impairments.

This contribution discusses the impairments which should be taken into account in an early stage when analyzing the performance gains of candidate solutions for NAICS. Considering that RAN 1 has not yet started the work and that scenarios have not been prioritized nor discussed yet in RAN 1, the discussion is providing a framework which can be considered in RAN 1/RAN 4 during the analysis depending on the scenarios chosen.
While we think that it is important to make sure that NAIC receivers could achieve good performance we think that it is also important to take into account practical and realistic constraints in an early phase. 
2 Discussion
Under CoMP and FeICIC WI several discussions took place on the impairments which needs to be taken into account in order to evaluate the performance and define performance requirements, namely 

· Time misalignment between points

· Frequency error between points.

· Additionally transmitter/receiver EVM may be considered as well in RAN 1 analysis.

It should be noted that impairments such as timing error and frequency error are applicable for the case when the victim and aggressor do not corresponds to the same transmission point (mainly for inter-cell interference case).
2.1 Time difference between aggressors and victim

Time misalignment represents the received time difference seen in the UE between the signal transmitted by the victim eNodeB and the signal the UE needs to cancel, i.e. the signal of the aggressor(s) eNodeB. 

The time difference depends on the time alignment error which happens between two uncoordinated BSs and the propagation delay which differs depending on the position of the UE in the network and the nature of the victim and of the aggressor network, i.e. on the network set up and the useful scenarios which need to be considered.

Two network cases can be considered here:

· Synchronous network

· Asynchronous network

2.1.1 Asynchronous case
In the asynchronous case the timing difference between the received signal can be large. As an example the requirements defined in the context of advanced receiver WID were defined by considering Cell 2 with a delay of 0.33ms and Cell 3 with a delay of 0.67ms with respect to Cell 1, i.e. ~1/3 and ~2/3 of the serving cell subframe. In case scenarios based on asynchronous network are prioritized in RAN 1 it seems that these values could be reused as starting point.
Under asynchronous network case there is no need to quantify separately the contribution coming from propagation delay.  
2.1.2 Synchronous case

In case of synchronous network, the timing difference will depend on time alignment error and propagation delay.
Under the study items both macro-macro scenarios and heterogeneous scenarios can be considered. It can be argued that typical scenarios where IC provide good gains (in case of inter cell interference) are associated to medium SINR conditions when the performance are limited by the presence of strong interference; In this case it may be the case that even if some of the energy of the interfering channel falls outside the cyclic prefix the performance are not necessarily degraded substantially. Instead of starting the discussion on what is the maximum amount of timing difference such as the performance are not degradated we propose to focus on possible scenarios and provide some hints on boundaries. This information can be captured in an LS to RAN 1.
2.1.3 Time alignment error 

From the BS core specification the time alignment error which is currently specified applies between BS transmitter antenna port(s) belonging to the same BS. And hence they are not necessarily applicable for uncoordinated non collocated BSs without proper RF analysis.

Under CoMP scenarios the time alignment error which was considered on top of the propagation delay was very limited because of the special assumptions on scenarios which RAN 1 prioritized (e.g. Macro connected to RRHs, LPN or HPN via fibers). Hence, the final time error range which was agreed for the definition of CoMP performance requirements was [-0.5, 2]musec. 
Under NAICS study item BSs will not necessarily be connected via fiber and hence the time errors mentioned above can not be applicable.

Cell phase synchronization accuracy for TDD network is defined as the maximum absolute deviation in frame start timing between any pair of cells on the same frequency that have overlapping coverage areas.
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These values can be considered as references for the RAN analysis.

Proposal 1. Consider as worst case absolute value of the time difference between BSs equal to 3musec, i.e. (BS=|TBS1-TBS2|(3musec.
Note that under FeICIC in document [2] the frame start timing relative to the reference timing has been considered as a random variable with certain PDF (Uniform). The same approach could be considered here. 

2.1.4 Propagation delay

The difference in propagation delay affects the received timing difference seen by the UE between the different signals.
Depending on the scenario which is prioritized in RAN 1 and the SNR conditions the propagation delay may play an important role.

In general RAN 4 derives the valid range to be considered in the assumptions via appropriate system level simulation results which provides, depending on the scenario the CDF of the timing error.

An example is provided here where system level simulation results have been conducted according to the heterogeneous scenarios provided in TR 36.819. 
The set up is as follows:

Cell selection is based on the strongest TP. The selected TP together with other 4 TPs in the same macro cell form a cluster. The UE receives CRS from macro and the CSI-RS from picos.

The assumptions are:

· Number of macro cells=21

· Number of pico BS per macro cell=4

· ISD = 500m

· Minimum distance between picos = 40m
· Minimum distance between pico and macro = 75m
· Power of macro = 46dBm
· Power of pico = 30dBm
· Cell selection bias = 6dB

· UEs in hotspot = 67%

· BS to UE propagation: ITU-UMa for macro and ITU-UMi for pico

· Antenna pattern: according to A 2.1.1.1 Table A.2.1.1-2 in TR36.814 

· Note that in this simulation we did not consider any comp threshold to avoid disqualifying the macro cell. 

Figure 1 shows the timing difference defined as tk-tmacro where ‘k’ is the k-th strongest cell among the LPN. Figure 2 shows timing difference defined as tk-tmacro where ‘k’ is the k-th strongest cell among the LPN and the macro. This explains the bias at 0.

From this figures the following can be observed:

For this scenario the timing range due to propagation delays varies in the range [-1,1]musec.  


[image: image2]
Figure 1. Timing difference between the pico nodes and the macro


[image: image3]
Figure 2. Timing difference between all the nodes and the macro

Document [2] provides an analysis of the propagation delay difference in the context of FeICIC. The summary of the findings are reported here for convenience. The simulations assumption are taken from [3] (R4-122229), #4b(4) – configuration #4b with N=2 and N=4 pico nodes per macro area.
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Figure 3. Propagation delay difference between the serving cell and the aggressor cell for all pico UEs and only UEs in the CRE.
As it can be seen the timing difference due to propagation delay differs significantly depending on the conditions and scenarios. 
Once the scenarios are identified in RAN 1, RAN 4 could evaluate the appropriate timing differences due to propagation depending on the characteristics of the scenario via appropriate system level simulation results.
Proposal 2: Depending on the scenarios which RAN 1 will prioritize RAN 4 can provide detailed information about the maximum range of timing difference due to propagation delay which can be considered in the evaluation. The results above are provided as example.  Different ISD and different scenario may lead to different ranges. 

The final timing range will be defined as the (BS +TPropagation
The resulting value can be considered as the upper limit. Performance analysis can be carried on for several timing difference and conclusions can be drawn depending on this impairment.

Proposal 3:  We suggest to consider several timing error values (up to the upper bound) for the evaluation of the NAICS gain. 
2.1.5 CoMP related scenarios

Under CoMP assumptions RAN 4 has agreed to consider the following timing range for the received signal for the purpose of the definition of the PDSCH performance requirements: range [-0.5, 2]musec. 

Proposal 4:  The timing difference in the range [-0.5, 2]musec is applicable for performance evaluation when CoMP Scenario 3 and 4 are considered under NAICS.
2.2 Frequency misalignment

The frequency error seen by the UE on the wanted signal and the aggressor signal is coming from the BS clock error and on the Doppler effect due to UE mobility. If NAICS is mainly considered for pedestrian speed (3km/h), mobility is considered to have a negligible effect compared the frequency error. Hence it is neglected in the following.
If we consider uncoordinated BS the following is applicable for frequency error (from 36.104)
Table 6.5.1-1:  Frequency error minimum requirement

	BS class
	Accuracy

	Wide Area BS
	±0.05 ppm

	Medium Range BS
	±0.1 ppm

	Local Area BS
	±0.1 ppm

	Home BS
	±0.25 ppm


By considering that RAN 4 has introduced 3.5GHz band the frequency error which needs to be considered in RAN 1 evaluation can be computed as follows:
Upper bound:
Macro-to macro scenario: ±0.1ppm @3.5GHz= 350Hz

Macro to pico: ±0.15m@3.5GHz =  525Hz
Considering only deployment at 2GHz:
Macro-to macro scenario: ±0.1ppm@2GHz= 200Hz

Macro to pico: ±0.15ppm@2GHz =  300Hz
Depending on the target SINR the frequency error may have a significant or negligible effect. It is important that RAN 1 takes frequency error into account when performing their analysis, not only for 2GHz bands but also for higher band which have been specified in 3GPP. Hence it is recommended to consider as upper bound a value which covers also deployment based on high carrier frequencies for the purpose of the analysis.
Proposal 5: It is proposed that RAN 4 provides feedback to RAN 1 on the maximum amount of frequency error which needs to be included in the evaluation analysis for generic scenarios. The upper bound can be considered as 450-500Hz. 
Proposal 7:  We suggest to consider several frequency error values (up to the upper bound) for the evaluation of the NAICS gain. 
Note that the value agreed under CoMP WID was limited to 200Hz. This value takes into account the fact that the scenarios prioritized in CoMP corresponds to a macro BS connected to the RRH via fiber. 

Proposal 7: 200Hz frequency error can be considered for the evaluation of NAICS under CoMP scenarios. 
2.3 EVM

In general RAN 4 considers receiver EVM to model imperfections due to the RF, such as phase noise for example or I/Q imbalances etc etc… It would be useful to consider EVM in an early stage in the evaluation in order to obtain information about realistic gains. If RAN 1 decides to add this model into their simulation set up, this can be done by simply adding a white Gaussian noise whose standard deviation is equal to EVM. In general RAN 4 considers 6% Tx EVM.
Proposal 8: It is up to RAN 1 to decide whether to include RF imperfections in their simulation set up which can be modelled as EVM (modelled as an additive white Gaussian noise whose standard deviation is given by the EVM).
3 Definition of the model

It can be discussed further whether it is up to RAN 4 to provide RAN 1 with a proper model to include in their analysis or whether RAN 1 needs only the boundaries of such impairments.

We think that RAN 4 has the competencies to provide suitable models to RAN 1 once scenarios are clearly identified in RAN 1 and reference receivers are defined in RAN 4.  E.g. RAN 4 could provide an SNR loss due to impairments for the set of scenarios identified by RAN 1 and for several values for the impairments within the boundaries provided above. 
Hence the following is proposed:
Proposal 9: Send an LS to RAN 1 to indicate the maximum range of the impairments which should be considered and mention that RAN 4 will provide appropriate models once scenarios are clearly identified. 
4 Conclusions
In this paper we have discussed the impairments which RAN 1 needs to take into account when evaluating performance gains related to NAIC.

The following is proposed:
Proposal 1. Consider as maximum/worst case absolute value of the time difference between BSs equal to 3musec, i.e. (BS=|TBS1-TBS2|(3musec.

Proposal 2: Depending on the scenarios which RAN 1 will prioritize RAN 4 can provide detailed information about the range of timing difference due to propagation delay which should be considered in the evaluation. The results above are provided as example.  Different ISD and different scenario may lead to different ranges. 

Proposal 3:  We suggest to consider several timing error values (up to the upper bound) for the evaluation of the NAICS gain. 
Proposal 4:  The timing difference in the range [-0.5, 2]musec is applicable for performance evaluation when CoMP Scenario 3 and 4 are considered under NAICS.

Proposal 5: It is proposed that RAN 4 provides feedback to RAN 1 on the maximum amount of frequency error which needs to be included in the evaluation analysis for generic scenarios. The upper bound can be considered as 450-500Hz. 
Proposal 6:  We suggest to consider several frequency error values (up to the upper bound) for the evaluation of the NAICS gain. 
Proposal 7: 200Hz frequency error can be considered for the evaluation of NAICS under CoMP scenarios. 
Proposal 8: It is up to RAN 1 to decide whether to include UE RF imperfections in their simulation set up which can be modelled as receive EVM (modelled as an additive white Gaussian noise whose standard deviation is given by the EVM).

Proposal 9: Send an LS to RAN 1 to indicate the maximum range of the impairments which should be considered and mention that RAN 4 will provide appropriate models once scenarios are clearly identified. 
5 References

[1]
RP-130404,
“Study on Network-Assisted Interference Cancellation and Suppression for LTE”, MediaTek, Renesas Mobile Europe, Broadcom Corporation
[2]
R4-130564, “Discussion on the time offset and frequency shift in FeICIC demodulation”, Ericsson, ST-Ericsson
[3]
R4-122229, 
“System simulation assumptions for intra-frequency FeICIC studies”, Ericsson, ST-Ericsson, Huawei, HiSilicon.
[image: image1.emf]Table 1  Cell phase synchronization requirement for wide area BS (TDD)   Cell Type  Cell Radius  Requirement    Small cell    3 km    3   s   Large cell  > 3 km    10   s    

[image: image5.wmf]-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

time [us]

CDF

time difference between all points in the cell and the macro

 

 

t

1

-t

m

t

2

-t

m

t

3

-t

m

t

4

-t

m

t

5

-t

m

_1425796343.doc
Table 1 Cell phase synchronization requirement for wide area BS (TDD)


		Cell Type

		Cell Radius

		Requirement 



		Small cell

		( 3 km

		( 3 (s



		Large cell

		> 3 km

		( 10 (s






