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1. Introduction

In LTE-advanced, RNs (Relay Node) are considered for coverage extension and capacity enhancement [1]. The inclusion of RNs requires changes to the system configurations. For example, the RNs could communicate with eNBs via wireless backhaul, RN cells could have smaller cell size than eNBs and could have omni directional antenna. In order to discuss the RN architecture, it is necessary to agree on evaluation methodologies for the SLS with RNs. Specifically, we discuss following items in this paper:
· channel model (path loss and shadowing)
· traffic model

· additional parameter for RN
· definition of performance metric

2. Discussion

2.1. Channel model (path loss and shadowing)
Since RNs could be installed in fixed position with better channel conditions to the eNB, the path loss model and shadowing model between the eNB and the RN should be defined separately from the eNB to UE model..

· Path loss model
There are two types of the installation locations for RNs. One is a higher position where the RN antennas are mounted above roof top (ART). The other is a lower position where the RN antennas are located below roof top (BRT). For ART RNs, the path loss model between RN and eNB can be modeled by the long distance free-space model However, it would be better to discuss whether a new path loss models for this LOS scenario is required.. 
For BRT RNs, the path loss model between eNB and RN can be considered identical to the one used for LTE between eNB and UE. However, then the path loss model between RN and UE may be different from the one defined between eNB and UE for LTE. In this contribution, we focus on the ART RN scenario since we assume the ART RN case be a more common..
In the following we review different path loss model being used/discussed in various standardization forums.
(1) Current LTE path loss model [2]
All LTE path loss models are defined for ART eNB and BRT UE, hence no path loss model is suitable for the eNB to ART RN case.
(2) IMT-EVAL [3]
Table 1 shows the LOS models of IMT-EVAL. The ITU path loss scenarios are defined as A2, B1, C1, C2 and D1. As discussed above, the propagation model between eNB and ART RN might be considered as the free space path loss model, which is only reflected in scenario A. However, the scenario A is applicable only for short distances. Moreover, in all models only low the antenna heights are assumed. Therefore, none of the IMT-EVAL models is suitable for the propagation channels between eNB and ART RN.
TABLE 1
	Scenario
	
	Path loss [dB]
	Applicable range
	antenna height default values

	A2(Indoor hotspot scenario）
	LOS
	PL=16.9log10(d[m])+46.8+

20log10(fc[GHz]/5.0)
	20 m < d <60 m
	hBS = hMS =1-2.5 m

	B1
(Urban micro-cell)
	LOS
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	10m < d1 < d’BP 
d’BP < d1 < 5km
	hBS = 10m, hMS = 1.5m

	C2(Urban macro-cell)
	LOS
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	10m < d < d’BP 
d’BP < d < 5km
	hBS = 25m, hMS = 1.5m

	C1 (Optional)
	LOS
	PL = 23.8 log10 (d [m])  + 41.2 +

   20 log10 (f [GHz]/5.0) [σ = 4]
PL =  40.0 log10 (d [m])  +

    11.65 - 16.2log10 (hBS [m]) 

         - 16.2log10 (hMS [m]) +

          3.8log10(f [GHz]/5.0) [σ = 6]
	30 m < d < dBP
dBP < d < 5 km
	hBS = 25 m, hMS = 1.5 m

	D1(Rural macro-cell)
	LOS
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	10m < d < dBP,
dBP < d < 10km,
	hBS = 32m, hMS = 1.5m


(3) Winner II path loss model [4] 
In the Winner II project, the following path loss scenarios are defined: A1, A2, B1, B2, B3, B4, B5a-f, C1, C2, C3, C4, D1 and D2. Among these, B5a seems to be suitable for the LOS propagation between eNB and fixed RN and B5f seems suitable for NLOS propagation between eNB and fixed RN since B5a is for LOS from rooftop to rooftop and B5f is for LOS/NLOS from rooftop to below/above rooftop. 
 TABLE 2
	B5a 

Hotspot

Metropol
	LOS
	PL=23.5log10(d[m])+42.5+

20log10(fc[GHz]/5.0)

	30m < d < 8km


	hBS = 25m, hRS = 25m



	B5f
	NLOS
	A = 23.5, B = 57.5, C =23

PL=23.5log10(d[m])+57.5+

23log10(fc[GHz]/5.0)

	30m < d < 1.5km


	hBS = 25m, hRS = 15m




(4) IEEE802.16j [5] 
IEEE802.16j defines several path loss models called Types A to J. Types A, B, C, D and F are for Macro-cell suburban. Types E and H are for Macro-cell urban, Type G is for Indoor office, and Type J is for outdoor to indoor. Types D and H are specific path loss models for RNs. The path loss models are categorized according to the antenna height of RN. If the RN antenna is mounted above roof top, the path-loss model is generally LOS (Type D and Type H). In contrast, if the RN antenna is located below roof top, the path-loss models are LOS or NLOS. Note, that the BRT models are identical to the channel models between eNB and UE.
	Type D

Macro-cell suburban, ART to ART.
	LOS
	The model is equal to the free space path loss up to a break point.
	10m < d < 8km


	hBS = 10-80m, hRS = ??


	Type H

Macro-cell urban, ART to ART
	LOS
	The pass loss model is determined by the cost 231 model. And consists of the free space path loss plus the multiscreen diffraction loss.(IEEE-C802.16j-07_105r2)
	10m < d < 8km


	hBS = 30m,
 hRS = 1-10m




· Shadowing modeling
For a fixed RN, the shadowing characteristics depend on the position of RN, e.g. ART or BRT. Although, the shadowing characteristics between eNB and BRT RN could be identical to that between eNB and UE, they would be different in ART RN scenarios.
· For ART RN and UE, the shadowing effect is the same as between eNB and UE, however, the shadowing effect could be large in BRT scenarios. Therefore, it would be necessary to define additional parameters to realize such a condition, e.g. small deviation of shadowing effects for ART RN.
2.2. Traffic models 
In real deployments, the RN would aggregate several packets from different UEs. Since each UE may have different traffic, it would be necessary to define a mixed type of the traffic models listed below:
· Full buffer

· HTTP

· VoIP

· FTP

Moreover, even if all UEs have the same traffic type, e.g. VoIP, the traffic type between RN and eNB is not VoIP like. Therefore, this would need to be separately modeled. We identify the following possibilities: 
(1)
Explicit modeling of the aggregated VoIP packets of multiple UEs

(2)
Definition of additional traffic models simulating aggregated VoIP connections.
(3)
Use of an existing traffic model, e.g. full buffer.
It should be noted, that a more realistic modeling according to (1) increases simulation time. Whereas, a simple model according to (2) or (3) may be sufficient..

2.3. Additional parameters for SLS with RN

The following additional parameters would be necessary for SLS with RN:
· Parameters for cell structure

· RN cell size
· RN cell size might be smaller than eNB cell size.
· Cell deployment
· Omni-directional cell

· 3sector 
· Cell layout (see Fig. 1)
· RN cells share the border with an eNB cell (coverage extension).
· RN cell coverage full and partially overlaps with the eNB cell coverage.

· Frequency allocations for RN
 [image: image4.emf]RN’s cell is full or partially overlapped with the eNB’s cell.

RN’s cell shares a border with the eNB’s cell.


Fig. 1 cell layout 
· RN functions 
· The characteristics of the RN antenna used for communication with eNB
· TD (time division) relay or FD (frequency division) relay (Fig. 2)
· Supported MCS 
· SDM
· Transmission power of RN
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Fig. 2 TD relay and FD relay on FDD system 
2.4. Definition of Performance metrics
The followings aspects should be considered as performance metrics.
· System data throughput

· Throughput/km2 (when comparing different cell/RN layouts)
· Throughput per cell (when only comparing identical cell/RN layouts)
· Number of satisfied UEs(When considering e.g. VoIP traffic)
· Total delay from the source nodes to the destination nodes via RN (e.g. CDF curve of the delay per cell)
· Fairness Criteria (e.g. CDF curve of the throughput per cell)
· The end-to-end throughput is different depending on whether the source node connects with the destination node directly or via RN.
3. Conclusion

This contribution discusses evaluation methodologies for SLS with RN. 
We compare different pathloss models focusing on the case when the relay is above roof top level. We further discuss traffic models, cell layouts, resource division and performance metrics. We would like to continue this discussion in RAN1. .
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