3GPP TSG RAN1 #56a





 

          R1-090800
Athens, Greece
Feb 9 – 13, 2009

Agenda Item:

12.5
Source:


Motorola

Title:
Relay Backhaul Downlink Quality in LTE
Document for:

Discussion
1. Introduction

Relay evaluation methodology for LTE-A was introduced in [1] and [2]. Initial evaluations reported in RAN1 show wide-ranging system performance gains from using relays or repeaters [3]

 REF _Ref220998551 \r \h 
[4]

 REF _Ref213248642 \r \h 
[5]

 REF _Ref221350051 \r \h 
[6]

 REF _Ref221350052 \r \h 
[7]

 REF _Ref221350053 \r \h 
[8]

 REF _Ref221350054 \r \h 
[9].  These performance evaluations considered different deployment scenarios and different models for dropping of the relay nodes in the network. Following are some approaches and their pros and cons for dropping relay nodes (RN) assuming UE2 is a UE being served by the RN: 
· Approach 1: Drop relays at the worst C/I locations [3]

 REF _Ref220998551 \r \h 
[4] 
· Better access link quality (RN ->UE2) as UE2 experiences less interference from the eNBs but on the other hand, the backhaul link is degraded as the RN is dropped in a worst C/I location. This approach is suitable for cell-edge user performance improvement (especially for large cells), and requires planning. Interference coordination and other techniques can be useful to improve the backhaul link.

· Approach 2: Uniformly randomly drop relays in low geometry regions [3]

 REF _Ref220998551 \r \h 
[4] 
· Similar to Approach 1, but performance is slightly worse than Approach 1.
· Approach 3: Uniformly randomly drop relays within the entire network [5]
· Improved backhaul link quality but degraded access link as UE2 experiences more interference from eNBs. No cell planning is required, but may not lead to sufficient improvement to cell-edge users (especially for large cells). Interference coordination can be useful to improve the access link.
· Approach 4: Drop relays at the best C/I locations [7]
· Very good backhaul link quality but RN may not be able to serve UE2s that are in bad geometry. This approach requires more cell planning. Interference coordination helpful to improve the access link.
In this contribution, the backhaul link quality of Approach 1 is quantitatively characterized and interference coordination methods to improve the backhaul link quality are proposed. The discussion in this paper is limited to the down links (eNB->RN and RN-> UE2). 
2. Simulation setup and Proposed Enhancements
A two ring hexagonal grid system layout was simulated (see Figure 1).  Deployment Case 3 was assumed with 19 macro-cell 3-sectored sites.  Lognormal shadowing was turned off. Details of the simulation assumptions are in Appendix A.   Under these assumptions, it was shown in [3] that Approach 1 is preferable, i.e.  drop the RN at the cell edge point (worst C/I location) where 3 neighboring cells associated with 3 different cell sites meet. This helps to mitigate the interference on the eNB(UE1 and RN(UE2 links as the eNB and relay are far apart from each other.  However, if the relay uses an omnidirectional antenna for its backhaul reception (the same omnidirectional antenna at RN used to receive uplink from UE2), the backhaul (eNB(RN link) experiences interference from neighboring cells with interference power equal to the donor cell’s signal power.  Specifically, in Figure 1, the signal power from the donor cell (Cell 1) to the RN is equal to the interference power from two dominant interfering cells (Cell 5 and Cell 9).  In this case, the backhaul may be the bottleneck for supporting the relay transmission, not fully supporting high throughputs on the access downlink.  For example, [5] shows that to achieve ~20% throughput gains with one RN per cell (relative to the no relay case), the eNB needs to devote ~10% of its total downlink time-frequency resources to backhaul transmissions (which is considered as overhead), assuming the backhaul link can support 64QAM rate ¾, and even higher overhead is expected if the backhaul link quality is lower.  One possibility is to limit the access downlink rate to reduce the burden on the backhaul downlink, but it can reduce the benefits of deploying relays. Another possibility is to improve the backhaul downlink spectrum efficiency using other methods as described below.

· Increase number of antennas at the RN by using directional antennas (typical horizontal beamwidth 70 degrees) for receiving on backhaul from the eNB (on top of the directional antennas used for access link);

· Use interference coordination among all the participating macro eNBs

· Turn off one or more dominant interferers during the donor eNB to RN transmission

· Let one or more dominant interferers assist the donor eNB during the donor eNB to RN transmission (e.g. MBSFN, CoMP).
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Figure 1 – System layout and relay location
 Simulation results based on the above approaches are summarized in below table – Note that no rank-2 MIMO transmissions enabled on the eNB to RN link.
Table 1 – Backhaul DL spectrum efficiency for optimal relay location (w/wo directional antenna)
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Table 1 presents the relay’s C/I, the spectrum efficiency, number of macro eNBs participating in the relay backhaul downlink transmission and interference coordination, normalized spectrum efficiency (normalized by the number of participating eNBs), MCS level, and coding rate, for different techniques.  The normalized spectrum efficiency is an important indicator as it accounts for the factor that multiple eNBs may be involved in the interference coordination and ensures fair comparison. 
· The use of directional antennas at RN (for reception from eNB) provides 5%~7% gain over using omnidirectional antennas.
· Having two dominant interfering cells stop transmissions when the donor cell to RN transmission yields a gain of -11% to +14% in normalized spectrum efficiency (~7 to 15% improvement for 2 ant case, and ~ -7 to -11 % degradation for 4 ant case).  Thus, this type of MBSFN formed by three neighboring cells may or may not lead to improved backhaul downlink.  

· Having two dominant interfering cells assist the donor cell to RN transmission yields the highest normalized spectrum efficiency (~80% improvement for 2 ant case, and ~35% improvement for 4 ant case). The reason for this gain is the smaller path loss and penetration loss on the eNB(RN link (relative to the eNB(UE link), and due to the small noise figure and high antenna gain at the RN (relative to at the UEs; see Appendix A) and the non-mobility of the relay. Therefore, the eNB(RN transmission is interference limited, and thus interference coordination is beneficial.  If the RN is not dropped at a cell edge in a large cell and the eNB(RN link is not interference limited (for example, relay dropping Approach 3 or Approach 4), interference coordination techniques may not be required.
3. Conclusions

In this contribution, the eNB(RN backhaul downlink performance is analyzed for both omnidirectional and directional RN receive antennas and for some interference coordination methods. It is shown that:-

· directional antennas at RN alone (to receive on eNB(RN DL) is not sufficient to achieve high quality backhaul link when the relay is located at the cell edge with strong interference from neighboring cells.  
· the approach of having three neighboring cells coordinating to serve the relays significantly improves the backhaul downlink.  
Interference coordination techniques for improving backhaul link are useful for RNs dropped near cell-edge.

· e.g. for covering cell-edge UEs, esp. for large cells or networks with under populated cell sites
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Appendix A: simulation assumptions

Table 2 - Simulation Assumptions
	Parameter
	Assumption/Value

	Cellular layout
	Hexagonal grid, 19 macro eNB cell sites, 3 cells per site, no wraparound

	Relay layout
	1 cell per site, not wrapped‑around

	Inter-site distance (ISD)
	1732 m

	Distance-dependent path loss for macro eNBs to UEs
	L = 128.1 + 37.6log10(R), R in kilometers

	Distance-dependent path loss for macro eNBs to relays
	L = 124.5.7 + 36.7log10(R), R in kilometers

	Lognormal Shadowing 
	As modeled in UMTS 30.03, B 1.4.1.4

	Shadowing standard deviation: macro to UE
	0 dB

	Penetration loss from macro to relay
	0 dB

	Carrier frequency
	2 GHz

	Channel model
	AWGN

	Frequency reuse factor
	1

	Noise figure at relay
	5 dB

	Antenna pattern for macro eNBs (horizontal)
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 = 70 degrees, Am = 25 dB  (70 degree horizontal beamwidth)

	Antenna pattern for relays (horizontal)


	0dB in all directions for omnidirectional, as above for directional

	Antenna pattern for macro eNBs and relays (vertical)
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 = 20 degrees,  SLAv = 20 dB

	Total macro BS TX power
	20 Watts, 43 dBm 

	BS antenna gain (incl. cable loss)
	14 dBi

	Relay antenna gain (incl. cable loss)
	7 dBi for omnidirectional, 12 dBi for directional

	BS transmitter antenna
	2 antennas

	Relay receiver antenna
	1, 2, or 4 antennas
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