3GPP TSG RAN WG1 Meeting #57
                                                                                R1-091940
San Francisco, USA

4th – 8th May, 2009
Agenda Item:

15.3

Source:

Motorola

Title:


Relay Impact on LTE System Performance 
Document for:

Discussion 

1. Introduction
In RAN1#56b Seoul contribution ‎[1] system parameters/characteristics impacting relay/repeater induced system performance gains were summarized.  This contribution quantifies relay impact on LTE system performance including:-

· System performance gain limitation from backhaul communication overhead of in-band relays,

· System performance gains from eNB transmit power reduction and cell-reselection biasing

· System performance gains from TDM subframe muting (with and without vertical antenna patterns) compared with second bullet

This contribution also proposes to use the relay cell coverage radius as a metric to help align system simulations across companies.

Throughout this contribution ideal PDCCH modelling is assumed.  For system performance results with realistic PDCCH modelling, see companion contribution R1-091938 ‎[2] .

2. In-Band Relay Description
Typically, an in-band Relay Node (RN) cannot concurrently Tx and Rx in the same DL frequency band (F1) of a carrier, so the eNB(RN and RN(UE2 links on F1 are time multiplexed. Similarly, the RN(eNB and UE2(RN links are also time multiplexed in the UL frequency band F2. The preferred Relay frame structure is based on utilizing MBSFN subframe signaling for in-band relay operations (i.e. backhaul: eNB(RN in the DL and RN(eNB in the UL).  In the case of a TDD LTE another backhaul option is to use the special subframe (S) in addition to or instead of the MBSFN subframe type.
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Figure 1 – Conventional Duplexing Diagram for In-band Relay

3. System Parameters/Characteristics and Relay impact on Performance
The system throughput gains due to relays may be improved by tweaking several system parameters.  Figure 2 shows the correlation of system parameters (blue() with relay induced DL system throughput gain. For interference-limited scenarios such as Case 1, when appropriate, the eNB transmit power reduction can also lead to improved system performance. 
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Figure 2 – Correlation of System Parameters and DL System Performance Gain (due to Relays)

The increase in system T-put gain is highly correlated to average #UEs served per relay (i.e. relay coverage) that itself depends on the system parameters shown in Figure 3. 
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Figure 3 – Correlation of System parameters and Average #UEs per relay
Figure 4 shows quantitatively the simulated benefit of relays for different system parameter/characteristic values (see ‎[1] 

 REF _Ref228592681 \r \h 
‎[4]  for system simulation assumptions used to generate this Figure) for out-of-band relays. 
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Figure 4 –DL System Performance Gain vs. System Parameter Values for Out-of-band Relays

Note: System Performance Gain Sum = 5%-ile user t-put gain + sector t-put gain; 

The system performance gains for inband relaying are typically smaller than that of the out-of-band (OOB) relaying after the overheads are accounted for. The overheads include 

· Division of macro eNB downlink resources between the UEs it serves (UE1) and backhaul link (to serve RNs) 

· TDM aspect of in-band relays (eNB(RN and RN(UE2 links are TDMed).  

The gains due to relays are very sensitive to the quality of the backhaul link. For example, a backhaul MCS of 64QAM R=9/10 (~5.4 bps/Hz) limits performance gain to 50% of that of out-of-band relaying. The inband relaying system performance gains drop significantly if the MCS of the backhaul decreases.  

4. Relay Location
Another important consideration is the distribution of RN locations in the network.  For interference limited networks (such as Deployment Scenario Case 1) the RN locations can be uniform random while achieving significant system performance gain. However, for noise limited networks more system performance gain is achieved if the RNs are located in low geometry regions (as seen by UEs).  In fact, the gains improve by dropping the RNs in the worst geometry locations (as seen by UEs) rather than dropping the RN in a randomly selected location from a set of low-geometry locations (e.g. locations with C/I ≤ -5 dB) – see ‎[13] .  However, the RN location can be relaxed as the number of RNs per sector and/or the RN coverage increases.
5. Techniques for performance enhancement
In ‎[5] , it was proposed that significant performance gain can be derived by TDM muting. In TDM muting, the eNB mutes its downlink transmissions when RN(UE2 DL transmissions occur and vice-versa. One benefit of this technique (which is also referred to as cooperative silencing) is an increase in RN coverage.  The performance gains cited can be attributed to the increased time-frequency resources available to serve the UEs due to the introduction of new network nodes (RNs) in the system. Moreover, it is noted that there are alternate techniques for performance enhancements including the following:

1. No muting (both RN and eNB use all time-frequency resources available for scheduling)

2. eNB Tx power reduction (depending on # relays active in a cell for a given subframe)

3. Setting reselection offsets and boosting RN RS to bias cell selection so UEs are served by RNs instead of eNBs

4. Time division of resources or TDM muting (full subframe muting by eNB on certain subframes and by RN on the other subframes) ‎[5] 
5. Frequency division of resources or FDM muting (partial subframe muting (certain PRBs are not used) by eNBs on certain subframes)

Following are two system simulation studies comparing various enhancement techniques.  Simulation assumptions in TR 36.814 v1.0.0 ‎[3] were adopted in this contribution unless otherwise specified. See Annex A for details of simulation assumptions. 

Out-of-band Relaying Comparison of TDM muting vs. no muting
Table 1 shows the out-of-band relay performance of the no muting vs. TDM muting when the vertical antenna patterns are ON and OFF for Deployment Scenario Case 1 with 4 RN per eNB, compared with baseline scenarios with 0 RN per eNB. The results indicate that TDM muting results in about a 5% overall gain (sum) improvement compared to the no-muting case when vertical antenna patterns are turned ON. With vertical antenna patterns ‘OFF’ TDM muting shows more gains, but this is expected because a more severe interference scenario is introduced where it is not possible to take advantage of antenna downtilt and narrow antenna vertical beamwidth.

For the same sector throughput improvement given appropriate scheduler fairness parameterization the 5%-ile throughput is improved by ~ 10% by TDM muting  vs. no muting given vertical antenna patterns.  

Table 1 – System Performance gain from TDM muting for OOB RNs
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* DS case1, uniform random RN location per cell;   RN Tx Power=30dBm;   eNB Tx power=46dBm

Out-of-band vs. Inband comparison with eNB Tx power reduction (plus cell selection biasing)
Figure 5 shows the performance of the eNB Tx power reduction plus RN RS boosting (approaches 2 and 3 combined) – See Appendix B for the table – for this study, the vertical antenna patterns are turned ON. The out-of-band backhaul results are compared with the in-band backhaul results assuming several different backhaul MCS values including the actual MCS experienced by the RNs in the system simulations. The results show that the relay system gains are very sensitive to backhaul quality and a poor backhaul might negate the relay benefits. Thus, relays that are dropped in poor geometries may not be very effective and some system planning is anticipated to accompany relay deployment to ensure a reasonable backhaul link.
The results also show that larger performance gains can be achieved by eNB Tx power reduction (and biasing cell-reselection) compared to TDM muting approach.  About 1-2% of UEs would experience an RS C/I < -7dB but they would still be able to receive the control channel because the PDCCH C/I is approximately 2 dB higher due to power sharing and frequency randomization from interleaving.
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Figure 5 – DS Case 1 Throughput Gain for eNB Tx Power reduction & different backhaul MCS.

Inband backhaul simulation assumptions:

In the simulations with four In-band RNs per macro cell, the higher the sum user throughput for a RN cell, the more the backhaul link RBs that are assigned to the RN during one radio frame, subject to constraints: 

1. Each RN can be assigned with at most 2.7 backhaul DL subframes in one radio frame, 

2. All RNs in one macro cell do not use more than ten subframes in one radio frame.  

The in-band relaying overheads as identified in Section 3 are applied to UE1 and UE2, respectively, by limiting the time-frequency resources they are assigned to allow sufficient resources to be used by the backhaul link.  UEs with higher user throughputs are reduced more than other UEs to enable fairness.
6. Relay coverage

As identified above, the increase in system T-put gain is highly correlated to average #UEs served per relay (i.e. relay coverage) that itself depends on the system parameters shown in Figure 3.  The average relay cell radius (i.e. how large the relay coverage area is) can be estimated from how many UEs a relay serves assuming the UEs are uniformly randomly dropped in the entire network (following a spatial Poisson distribution). Differences in the relay coverage radius can lead to T-put performance differences and signifies differences in simulation assumptions.  The relay coverage radii were estimated based on the contributions by various companies and are summarized in Table 2.  The table was obtained from existing contributions and data stated as follows. 

1) LG (R1-091198): Case 1: 16% UE2s for 4RNs/cell => 4% UE2s for each RN, Case 3: 11% UE2s for 4RNs/cell => 2.75% UE2s for each RN.  







2) Motorola: Case 1: 12.3% UE2s for 4RNs/cell => 3.075% UE2s for each RN, Case 3: 8.6% UE2s for 4RNs/cell => 2.15% UE2s for each RN.  







3) Motorola V-OFF: Case 1: 3.58% UE2s for 4RNs/cell => 0.895% UE2s for each RN


4) Nokia, NSN (R1-091358) : Case 1: RN radius ~ 25m => 2.88% UE2s for each RN, Case 3: RN radius ~ 90m => 2.952% UE2s for each RN.  







5) Qualcomm (R1-091456) : Case 1: 3% UE2s for 4RNs/cell => 0.75% UE2s for each RN.     
6) ZTE (R1-091423): Case 1: 7.7% UE2s for 10RNs/cell => 0.77% UE2s for each RN (30dBm).  For 33dBm and 36 dBm, UE2 % are 10.6% and 14.2%.  

Table 2 – Relay cell coverage radius for DS Case 1 and Case 3
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It can be seen that for DS Case 1, the relay cell radii tend to form two different groups, according to whether macro eNB’s antenna pattern is turned ON or OFF (and hence, caution is needed when comparing results across different groups).  Within each group the relay cell radii are close to each other but better alignment may be achieved.  As the relay cell coverage size is mainly a function of geometry (if no eNB power reduction or RN RS power boosting or other coverage boosting techniques are used) and directly impacts throughput performance, it may be important to align the relay cell coverage sizes to better understand performance results and to preclude unfair comparisons due to potential assumption misalignments.



7. Conclusion
The contribution discusses the various factors that impact the relay system performance benefits. The Relay location strategy significantly impacts expected relay induced system performance gains. 

· Relay location becomes less important as #relays per cell increases. 

· Interference limited networks can tolerate uniform random relay locations 

· Noise limited networks require relay locations in low geometry regions (from UE perspective). 

Results show that relay based system gains are very sensitive to backhaul quality and a poor backhaul might negate the relay benefits. Thus, some system planning is anticipated to accompany relay deployment to ensure a reasonable backhaul link. Certain system parameters/characteristics greatly determine relay based system performance gain but also have other effects/constraints such as :-

· Increase relay size and cost (e.g. higher power or antenna gain)

· High system cost (e.g. >1 relay per sector)

· Primarily determined by deployment physics and hence not easily controllable

· (e.g. higher ISD with more low G regions or large LN shadowing stdev)

· Low cost and simple (e.g.  RS boosting / bias reselection attachment / eNB Tx power reduction)

In general increasing relay coverage (more UEs/Relay) increases system performance gain. It is proposed to calibrate relay coverage radius among companies. Two simple approaches to increase #UEs/relay and system performance gain compared to the muting approaches are:-

· eNB Tx power reduction 

· RN RS boosting or biasing cell selection thresholds 

The inband backhaul overhead reduces relay induced system performance gain for DS Case 1 relative to using out-of-band Relays by :-

· ~ 50% for backhaul that can support 5.4 bps/Hz, 64QAM R=9/10.

· ~ 25% for backhaul that can support 3.6 bps/Hz, 64QAM R=6/10.  

· ~ 16.5% for actual achievable backhaul MCS (per system simulations)

Determining Relay locations with donor eNB LOS or backhaul SINR>16dB while covering low geometry region in cell is a systems engineering deployment problem which will ultimately determine whether or not relays can provide a significant system benefit.

It is proposed to also consider 256 QAM for the eNB-RN backhaul, when channel conditions allow, in order to minimize backhaul overhead and, thereby, maximize in-band Relay based system performance gains.
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Annex A: simulation assumptions

Table 3 - Simulation Assumptions
	Parameter
	Assumption/Value

	Cellular layout
	Hexagonal grid, 19 macro eNB cell sites, 3 cells per site, wrapped‑around

	Relay layout
	<=1 cell or 4 cells per macro eNB cell, not wrapped‑around

	Inter-site distance (ISD)
	500 m (DS case 1), 1732 m (DS case 3), and 3000 m

	Distance-dependent path loss for eNB(UE1
	L = 128.1 + 37.6log10(R), R in kilometers

	Distance-dependent path loss for eNB(RN
	L = 124.5 + 37.6log10(R), R in kilometers

	Distance-dependent path loss for RN(UE2
	L = 140.7 + 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
	8 dB

	Shadowing standard deviation: macro to RN
	6 dB

	Shadowing standard deviation: relay to UE
	8 dB

	Correlation distance of Shadowing
	50 m

	Shadowing correlation
	Between sites
	0.5

	
	Between cells per site
	1.0

	Penetration loss from macro to UE
	20 dB

	Penetration loss from macro to RN
	0 dB

	Penetration loss from relay to UE
	20 dB

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz

	Subcarrier spacing
	15 kHz

	Resource block size
	180 kHz (12 subcarriers)

	Subframe duration
	1.0 ms

	Number of OFDM symbols per subframe
	14 (11 used for data, 2 for control (n=2), 1 for RS overhead)

	Channel model
	Typical Urban (TU) used for PDSCH 

	UE deployment
	1425 UEs over 57 cells (uniform random spatial distribution over the network), or 570 UEs over 57 cells

	Minimum distance between UE and BS
	35 m

	Minimum distance between relays
	70 m (DS case 1), 250 m (DS case 3)

	Frequency reuse factor
	1

	Hybrid ARQ scheme
	IR , Chase combining (asynchronous) (2/3<MCS<4.8), 16 levels

	Hybrid ARQ round trip delay
	8 subframes ( ms)

	Thermal noise density
	-174 dBm/Hz

	Antenna pattern for macro eNBs to UEs (horizontal)
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	Antenna pattern for macro eNBs to RNs (horizontal)
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	Antenna pattern for relays to UEs (horizontal)


	0dB for all directions

	Antenna pattern for macro eNBs to UEs (vertical)
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	Antenna pattern for macro eNBs to relays (vertical)
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	Antenna pattern for relays to UEs (vertical)
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 = 15 degrees,  SLAv = 20 dB; or vertical pattern off

	Total macro BS TX power
	40 Watts, 46 dBm 

	Total relay TX power
	1 Watt, 30 dBm

	BS antenna gain (incl. cable loss)
	14 dBi 

	Relay antenna gain (incl. cable loss)
	7 dBi (for Rx/Tx with eNB) and 5 dBi (for Rx/Tx with UE2)

	BS and relay transmitter to UEs
	2 antennas

	Relay receiver from BS
	4 antennas

	UE speed 
	3 km/h

	UE receiver
	2 antennas

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	RN noise figure
	5 dB

	CQI feedback delay
	2 ms

	CQI subband size
	180 kHz (12 subcarriers)

	CQI quantization
	5 bits per value/subband

	CQI feedback cycle
	2 ms

	CQI Error
	1dB for low SINR and 0.5 for high SINR

	Traffic type
	Full buffer

	Scheduler
	Time and frequency selective Proportional Fair scheduler

	Control channel model
	Ideal

	UE Channel Estimation
	Non Ideal

	Simulation drops
	3


Annex B
Table 3 - DS Case 1 Throughput Gain for different backhaul MCS; 4RN/Cell
(UE2 are UEs attached to the RN).
	#RNs/cell
	0
	 
	 
	 
	4
	 
	 
	 
	 

	Backhaul Type
	-
	Out of Band
	Inband (backhaul = 5.4 bps Hz)
	Inband(backhaul = 3.6 bps/Hz)
	Inband (backhaul per system simulator) 

	[eNB  Tx power reduction,
RN boost] (dB)
	[0,-]
	[-6,3]
	[-12,3]
	[-6,3]
	[-12,3]
	[-6,3]
	[-12,3]
	[-6,3]
	[-12,3]

	Sector tput (kbps)
	29791
	58368
	65027
	46313
	51488
	40726
	45249
	30795
	32782

	Sector tput gain %
	-
	95.9%
	118.3%
	55.5%
	72.8%
	36.7%
	51.9%
	3.4%
	10.0%

	50%ile tput (kbps)
	791.05
	1479.2
	1837.8
	1119.2
	1361.2
	980.78
	1193.5
	849.06
	924.55

	50%ile tput gain %
	-
	87.0%
	132.3%
	41.5%
	72.1%
	24.0%
	50.9%
	7.3%
	16.9%

	5%ile tput (kbps)
	203.69
	322.06
	465.77
	264.66
	355.18
	216.64
	220
	240.27
	219.54

	5%ile tput gain %
	-
	58.1%
	128.7%
	29.9%
	74.4%
	6.4%
	8.0%
	18.0%
	7.8%

	UE2 percentage %
	-
	33.9%
	54.2%
	33.9%
	54.2%
	33.9%
	54.2%
	33.9%
	54.2%

	% UE CI < -6dB
	0.0%
	2.4%
	3.5%
	2.4%
	3.5%
	2.4%
	3.5%
	2.4%
	3.5%

	% UE CI < -7dB
	0.0%
	1.2%
	1.7%
	1.2%
	1.7%
	1.2%
	1.7%
	1.2%
	1.7%

	Gain Sum %
	-
	154.0%
	246.9%
	85.4%
	147.2%
	43.1%
	59.9%
	21.3%
	17.8%
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