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1. Introduction
In a companion contribution R1-091940 [2] (and also R1-091347 [1] ) system parameters impacting relay induced performance gains are summarized.  This contribution studies the following:

· Gains due to the latest access link pathloss model adopted in latest TR 36.814 v1.0.1 [1] 
· The new model includes a partial LOS component that enlarges relay cell coverage.

· Gains with realistic control channel modelling

· This extends the study of boosting techniques in [1]  [2], where ideal control channels were assumed. 
In this contribution the relay vertical antenna patterns is turned OFF.  Additional simulation assumptions can be found in Annex A.

2. Impact of new access link pathloss model
In RAN1#56bis, the pathloss model for the access link (RN->UE) was modified (see latest TR 36.814) taking into account the LOS component of the access link, deployment scenario dependency of the pathloss model, and the realistic measured data [5] . 
Figure 1 shows the system performance results (with four RNs/cell) comparing the old and new pathloss models for DS Case 1 and Case 3. The simulations assume Out-of-Band relays and the results are indicative of in-band relay performance. The results indicate that relative to the old pathloss model, in the new pathloss model : 

· average sector throughput gains increase by 3x 

· 5% edge UE throughput gains increase by 10x  

These results are due to the increase in relay cell radius and hence the number of UEs served by the relays, as show in Table 1. Thus, the new access link pathloss model provides large relay coverage and may not require additional coverage boosting techniques.  
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Figure 1 – DS Case 1 and Case 3 Throughput Gains for Old and New Access Link Pathloss Models

Table 1 – Coverage of DS Case 1 and Case 3 with Old and New Access Link Pathloss Models (UE2 are UEs served by the RN)
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As noted in several contributions [2], R1-091355 [6], R1-091271 [7], the current backhaul link may be the bottleneck limiting the gains shown above for OOB relays. The high-quality access links need commensurately high-quality backhaul links to achieve the high throughputs and hence improving the backhaul design is important.
3. Control channel modeling for coverage boosting techniques

Most relay contributions so far assumed ideal PDCCH modelling.  It is important to model realistic PDCCH since some UEs may experience relatively lower PDCCH SINR, because they are at the cell edge or they are biased to be connected to the RN (see [1]  [2]).
System simulations with out-of-band (OOB) relays were carried out to study the impact of realistic PDCCH modelling. Since the new access link pathloss model already provides large relay coverage, in these simulations the old access link pathloss model (as given in TR 36.814 v1.0.0 [4]) was used. For the same reason, the simulation considers cases with non-aggressive coverage boosting parameters (such as <3 dB RN RS boosting). Note that the network is heavily loaded (1425 UEs in 57 macro cells).  The PDCCH carries the DL scheduling assignments and UL scheduling grants, both of which were modelled.

Table 2 shows the performance loss of each parameter relative to the ideal PDCCH modelling baseline. The pdfs of instantaneous PDCCH SINR and PDSCH SINR are shown in Figure 2 and Figure 3 for DS Case 1 and DS Case 3, respectively.  Following are some observations:

· The larger the cell, the larger the throughput loss due to realistic PDCCH.  

· For DS Case 1, at most 2% loss is introduced by realistic PDCCH modelling (relative to ideal PDCCH), even for up to 6 dB eNB power reduction and up to 3 dB relay RS power boosting.  

· For DS Case 3, the throughput loss due to realistic PDCCH modelling is higher (up to 11.2%). However, it is to be noted that there is still a significant throughput benefit of deploying relays (with 82%~112% sum throughput gains compared with no relay cases) as shown in Annex B.

· Larger cells experience more low quality PDCCH.

· For DS Case 1, in low SINR regime, PDCCH SINR is better than PDSCH SINR, even in heavily loaded networks.

· For DS Case 3, in low SINR regime, PDCCH SINR is worse than PDSCH SINR. This indicates that higher power boosting, or larger CCE aggregations (e.g. 8 CCEs or more), may be needed to reach cell edge.

· It is expected that PDCCH SINR can be improved for interference limited situations if the network load is lighter. This can be attributed to PDCCH interference randomization (due to the subblock interleaver) that helps in reducing inter-cell PDCCH REG collisions. 

· Compared with 0 dB eNB power reduction and 0 dB RN RS power boosting, using >3 dB eNB power reduction and 3 dB RN RS power boosting leads to lower PDCCH SINR, for both Case 1 and Case 3 (see Figure 2 and Figure 3); however, the probability that a UE would experience outage (PDCCH SINR < -10 dB) is still small and hence only limited throughput loss is expected (which is confirmed by results shown in Table 2).  Case 3 sees even larger PDCCH SINR loss with 6 dB eNB power reduction and 3 dB RN RS power boosting.

· Case 1 allows up to 6 dB eNB power reduction and up to 3 dB RN RS power boosting

· Case 3 allows up to 3 dB eNB power reduction and up to 3 dB RN RS power boosting. 

Table 2 – System throughput performance loss introduced by realistic PDCCH modeling (relative to ideal PDCCH modeling) (C/I in this table refers to long term data C/I)
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Figure 2 – PDFs of DS Case 1 Instantaneous PDCCH SINR (CCH) and Instantaneous PDSCH SINR (Data).  [-x,y] specifies coverage boosting technique of using x dB eNB power reduction and y dB RN RS power boosting
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Figure 3 - PDFs of DS Case 3 Instantaneous PDCCH SINR (CCH) and Instantaneous PDSCH SINR (Data).  

It can be concluded that:

· In Case 1, up to 6 dB eNB power reduction and up to 3 dB RN RS power boosting can be used to improve relay coverage and overall system performance.  

· The loss due to realistic PDCCH modeling is insignificant (~2%).  

· With 4 RNs/macro cell, the sum gain (defined as sector average t-put gain + 5%-ile UE t-put gain) can be ~175% compared to the baseline with no relays.

· In Case 3, up to 3 dB eNB power reduction and up to 3 dB RN RS power boosting can be used.  

· Realistic PDCCH modeling yields moderate performance loss.  

· Sum gain with 4 RNs/macro cell can be ~111% compared to the baseline.
4. Conclusion
This contribution discusses OOB relay system performance gains due to the latest access link pathloss models [3] as well as realistic PDCCH modeling. It was observed that 

· The latest access link pathloss models result in high throughput gains without requiring any coverage boosting techniques.

· average sector throughput gains increase by 3x compared to old access link pathloss model

· 5% edge UE throughput gains increase by 10x  compared to old access link pathloss model

System simulations with realistic PDCCH modeling (with old access link pathloss models [4]  demonstrate that the RN coverage boosting techniques such as macro eNB Tx power reduction and RN RS boosting can provide significant performance gains. 

The high-quality access links need commensurately high-quality backhaul links to achieve the high throughputs and hence improving the backhaul design is important.
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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
	4 cells per macro eNB cell, not wrapped‑around

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

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

	Distance-dependent path loss for RN(UE2
	L = 140.7 + 36.7log10(R), R in kilometers, TR 26.814 v1.0.0 (old pathloss model), 

or 
P(R)PLLOS(R)+(1-P(R))PLNLOS(R), see TR 36.814 v1.0.1 (new pathloss model)

	Lognormal Shadowing 
	As modeled in UMTS 30.03, B 1.4.1.4

	Shadowing standard deviation: macro to UE
	8 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 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) – i.e. 25 per donor cell

	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 relays to UEs (horizontal)


	0dB for all directions

	Antenna pattern for macro eNBs to UEs (vertical)
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	Antenna pattern for relays to UEs (vertical)


	0dB for all directions

	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)
	5 dBi (for Rx/Tx with UE2)

	BS and relay transmitter to UEs
	2 antennas

	UE speed 
	3 km/h

	UE receiver
	2 antennas

	UE antenna gain
	0 dBi

	UE noise figure
	9 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/realistic

	Control channel scheduling min SINR
	-10 dB 

	Control channel power boosting range
	[-3,3]

	# of PDCCH symbols (per eNB or RN)
	2

	# of used PDCCH REGs (per eNB or RN)
	243 (27 CCEs)

	Link to system level interface
	K=7 Convolutional Coder (PDCCH), MMIB (PDSCH)

	Max # UEs scheduled per subframe
	10

	UE Channel Estimation
	Non Ideal

	Simulation drops
	3


Details of PDCCH modeling assumptions: SFBC without precoding was used for PDCCH transmission, PCFICH and PHICH borrow 12% of the PDCCH power on the first control symbol, at most 3 dB intra-PDCCH power offset (i.e. the maximum power imbalance within one PDCCH) was used, at most 3 dB PDCCH REG power boosting was assumed, and at most 3 dB PDCCH REG power deboosting was allowed.  Since PDCCH on the first symbol lends power to PCFICH and PHICH, PDCCH on the second symbol may be power boosted to compensate (subject to 3 dB boosting limit per REG and total power constraint, e.g. ∙ 40 W).  See [8] 

 REF _Ref228607271 \r \h 
 \* MERGEFORMAT [9] for relevant discussions.  1, 2, 4, and 8 CCE aggregations can be used. PDCCH CCE to physical RE mapping (including REG interleaving, cell-specific cyclic shift) was per TR 36.211 v8.6.0 [10] .  Note that in the 2 Tx antenna case, half of the RS per antenna are punctured, releasing 3 dB power that was assumed to be used for 1) PCFICH/PHICH (not modeled) if 0 dB RS boosting was simulated, or 2) RS when 3 dB RS power boosting was simulated.
Annex B Ideal vs Realistic PDCCH Modeling Throughput Results (for old access link pathloss model TR 36.814 v1.0.0 [10])

Table 4 – DS Case 1 Throughput Performance with Ideal PDCCH Modeling
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Table 5 – DS Case 1 Throughput Performance with Realistic PDCCH Modeling
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Table 6 – DS Case 3 Throughput Performance with Ideal PDCCH Modeling
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Table 7 – DS Case 3 Throughput Performance with Realistic PDCCH Modeling
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