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1 Introduction
This document evaluates the throughput performance of inband relays. A brief summary of the main findings and conclusions of this contribution are also captured in a companion contribution R1-102130 ‎[2] .  Previous contributions R1-094838 ‎[4] (presented in RAN1#59) and R1-100179 ‎[5] provided performance evaluation of inband and outband relays with and without coverage boosting techniques and realistic control channel modeling.  This contribution updates these contributions and R1-101117 ‎[3] and provides expanded and updated throughput performance results with:

· The latest channel models (DS Case 1, DS Case 3 Suburban) and simulation assumptions agreed in the latest 3GPP TR 36.814 [1] with fast fading enabled;
· The technique of dynamic partitioning of backhaul subframes for both backhaul link transmissions and direct link transmissions utilizing relay buffer conditions;

· The comparison of several performance enhancement techniques, including

· Rate-based cell selection (RBCS) technique (see Section 4.2 for details)
· Boosting/deboosting technique (see R1-094838 ‎[4] )

· TDM non-overlapped synchronous muting (see R1-094838 ‎[4] , R1-100707 ‎[7] , R1-100740 ‎[8] , R1-100142 ‎[11] ) 
The outline of this contribution is as follows: 

· Section 2 contains the Simulation Assumptions (more in Annex A). 

· Section 3 discusses the channel models (including the NLOS-only models and the probabilistic LOS/NLOS models), SINR distributions with relays, comparison of different backhaul optimization schemes (including bonus SNR and/or higher LOS probability), and resulting backhaul spectral efficiency.
· Section 4 shows the performance results from dynamic system simulations (more in Annex B). Inband relay results are reported with and without above-mentioned enhancement techniques. Fixed backhaul subframe assignment and dynamic partitioning of backhaul subframes for both direct links and backhaul links are employed in the simulations.
· Note that this contribution contains the Case 3 Suburban pathloss models as described in the latest 3GPP TR 36.814 ‎[1] . The Case 3 Rural/Suburban model results can be found in the previous contribution R1-100179 ‎[5] .

2 Simulation Assumptions
A two ring hexagonal grid system layout was simulated with dual port UE receiver operation assuming 6-ray Typical Urban (TU) channels and 10MHz bandwidth with 19 macro-cell 3-sectored sites using cell wrap-around. The simulations further assume 4 or 10 RNs/cell and 25 UEs/cell, and both the Relay nodes (RNs) and UEs are dropped uniformly randomly over the entire 57-cell network. (Note that other ways of RN placement, e.g., placement of RNs near cell edge as proposed in ‎[6] 

 REF _Ref244596279 \r \h 
 \* MERGEFORMAT ‎[9] 

 REF _Ref228592731 \r \h 
 \* MERGEFORMAT ‎[10] , may yield different backhaul link quality.)  Cell wraparound is assumed for donor eNBs only and not for RNs.  
In this contribution, the UE attached to the macro eNB are referred to as UE1 while UE2 is used to denote the UE attached to the RNs.  The link between the macro eNB and UE1 is called a direct link; the link between the macro eNB and RN is called a backhaul link; and the link between the RN and UE2 is called an access link.

Annex A has other simulation details. The additional set of assumptions for inband relaying adopted in this contribution is as follows. 

· Relay placement optimization (as agreed in 36.814) by adding bonus SNR of 5 dB and higher LOS probability is assumed in modeling the backhaul link. The backhaul antenna configuration that gives the best backhaul is assumed, i.e. 4 directional antennas and MIMO transmissions on the backhaul with rank adaption.

· Inband relaying: The backhaul link shares radio resources with the direct links and access links.  The relay throttles the UE2 traffic based on the number of bits the relay received on its backhaul.  In other words, the relay can transmit only the bits in its buffer. 

· Fixed backhaul subframes assignment and dynamic partitioning 
· Each eNB allocates a fixed number (x, x=2,4,6) of subframes during a radio frame for backhaul transmissions.  This is inline with the semi-static nature of the MBSFN subframe assignment which is dictated by the infrequent update of system information and implies that within the few second time span of the simulation duration, the number of backhaul subframe cannot change or adapt.  
· During the backhaul subframes, UE1 may (or may not) be scheduled for eNB to UE1 transmission.  The partitioning in each backhaul subframe between the backhaul link transmission and direct link (eNB(UE1) transmission is dynamically determined and takes into account of the difference between the relay’s current buffer level (bytes already in relay’s buffer) and desired buffer level (projected bytes to deliver to UE2s in the next consecutive access subframes).  This dynamic partitioning technique is an improvement from the previous contributions R1-094838 ‎[4] and R1-100179 ‎[2] 
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‎3.2
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‎[5] , in which no UE1 is allowed to use any resource blocks (RBs) in backhaul subframes for its direct link transmission.
· However, it should be noted that the need of allowing UE1s to share the backhaul subframe RBs does not occur often since in most scenarios the backhaul link is the bottleneck. 
· The eNB schedules the Relay traffic and UE1 traffic according to a proportionally fair scheduler (in both time and frequency) based on the channel quality of the backhaul link and direct link as well as the dynamic partitioning constraint obtained from the above-mentioned buffer level condition. 
· Note that more than 6 backhaul subframes per radio frame is not feasible, unless a subframe start offset is applied.  In this contribution, however, some results with 8 backhaul subframes per radio frame without subframe offset will be presented for comparison purpose only.
3 Discussion of the channel models 

3.1 LOS Probability Comparison for the latest relay channel models

The LOS probabilities for the different links are shown in the following Figure. For the backhaul, both the non-optimized (N=1) and the optimized (N=3) relay placement schemes (see Table A.2.1.1.4-2 Alternative 1, [1]) are compared. The Figure below shows that for Case 3 Rural/Suburban, there is a significant disparity in the LOS probabilities for the RN-UE and eNB-UE links, e.g. up to 40% of UEs at the cell-edge have a LOS to the eNB. This represents more of a mix of rural and suburban scenarios instead of only suburban.  Another suburban option would be to align with ITU suburban macro models with a larger ISD (e.g. 1.2km).  In contrast, for Case 3 Suburban, the LOS probability for UE1 at the cell-edge is  less than 1%, which implies that potentially high gains due to the placement of RNs are to be expected.
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(b)
Figure 1 - LOS probability as function of the distance for Case 1 and Case 3 Rural/Suburban 
and Case 3 Suburban
3.2 Original 3GPP (NLOS-only) Case1/3 models vs. new (probabilistic LOS/NLOS) eNB-UE channel models

The original 3GPP Case1/Case3 channel models with 3D antenna patterns (see Table A.2.1.1-2, ‎[1] ) are compared with the probabilistic LOS/NLOS eNB-UE channel models agreed for the Relay simulations (see Section A.2.1.1.2,‎[1] ) in Table 1. The results show minor differences for Case 1 and small difference for Case 3 Suburban, but for Case 3 Rural/Suburban, the probabilistic LOS/NLOS channel models have significantly better performance (~37% sector t-put improvement and ~130% cell-edge t-put improvement) than the original 3GPP Case 3 models. This is mainly due to the boost in the LOS probability for the Case 3 Rural/Suburban, where up to 40 % of UEs at the cell-edge have a LOS channel to the eNB.  Figure 2 compares the geometry (long-term C/I) of the original 3GPP Case1/Case3 with that of the probabilistic LOS eNB-UE channel models, which shows that Case 1 has only minor geometry differences between the two models whereas Case 3 Rural/Suburban geometry is considerably improved by 3~5 dB using the new channel model.
Table 1 - Simulation results for 3GPP Case 1/3 vs. new eNB-UE channel models (no relays)

	 
	Case 1
	Case 3 Rural/Suburban 
	Case 3 Suburban 

	 
	Sector t-put
	Cell Edge t-put
	Sector t-put
	Cell Edge t-put
	Sector t-put
	Cell Edge t-put

	3GPP non-LOS  model
	2.71
	0.021
	2.10
	0.013
	2.10
	0.013

	New, probabilistic LOS model
	2.77
	0.022
	2.88
	0.030
	2.33
	0.011
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Figure 2 – Geometry for 3GPP Case 1 and 3 vs. the new eNB-UE channel models (no relays). New Case 3 is Rural/Suburban.

3.3 SINR distributions with Relays

With the new channel models and with 4x57 RNs uniformly placed in the 57 cell network, the SINR CDF for the Case 1, Case 3 Rural/Suburban, and Case 3 Suburban is shown in Figure 3. It was found that for 4 RNs/cell case ~ 40 % of UEs were attached to the RNs in Case 1, ~40 % of UEs attached to the RNs for Case 3 Suburban, and ~25% of UEs attached to RNs for Case 3 Rural/Suburban.  Note that in the Case 3 Suburban scenario, as the eNB(UE has a low LOS probability, it follows that UE2s receive weak interference from eNBs and hence have much higher geometry than UE1s, which will lead to quite high gains due to the use of relays provided that the backhaul links can support it.  The backhaul CDF is plotted assuming relay placement optimization (5dB Bonus SNR and higher LOS probability) and directional antennas at the RNs pointing towards the donor cell. 
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Figure 3 - SINR CDF per the latest agreed models (UE1 are UEs attached to eNB, UE2 are UEs attached to RN) for Case 1, Case 3 Rural/Suburban, and Case 3 Suburban.
3.4 Comparison of different backhaul optimization schemes
The different alternatives for relay placement are compared along with the RN antenna configuration optimization.  The following relay site planning assumptions were compared:
· Baseline, no site planning (B = 0 dB, N = 1), 
· Bonus SNR due to site planning (B = 5 dB, N = 1), 
· Higher probability of LOS due to site planning (B = 0 dB, N = 3), and 
· Bonus SNR and higher probability of LOS (B = 5 dB, N = 3).  
The following antenna configurations were considered for the backhaul reception at the RN: 
· One set of omni-directional antennas without vertical pattern (“omni” in the following figure); 
· One set of directional antennas pointing toward donor cell without vertical pattern (“directed” in the following figure).  
The results as shown in the figure below indicate that as expected, the use of directional antennas lead to significantly better backhaul links than using omni-directional antennas; however, the use of directional antennas requires either two antenna sets for each relay or one antenna set with array beamforming and hence increases the complexity. Another conclusion from these results is that for relay placement optimization, the bonus SINR approach outperforms N=3 higher probability of LOS approach, though the difference is small, especially for the cases with directional antennas.  The bonus SINR approach also performs almost as well as the approach with bonus SINR plus higher LOS probability.  Note that in this contribution the backhaul quality is obtained assuming a uniformly randomly drop of RNs; placement of RNs near cell edge as proposed in ‎[6] 

 REF _Ref244596279 \r \h 
‎[9] 

 REF _Ref228592731 \r \h 
‎[10]  may yield different backhaul link quality.
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Figure 4 - CDF plots of Backhaul C/I with different assumptions. 

3.5 Backhaul Spectral Efficiency assuming optimization 
The backhaul link spectrum efficiency CDF with two or four omni-directional or directional antennas at the RN, assuming a 5dB bonus SINR and N=3 higher probability of LOS placement optimization is shown in Figure 5 below. It is seen again that the best backhaul is obtained with the directional antennas for both cases. The mean backhaul link spectrum efficiency values are summarized in Table 2.  The reason that Case 3 backhaul link quality is better than Case 1 backhaul link quality is that in Case 1 the relays receive higher interferences.  Based on these results, for the inband relay simulations, directional antennas at the RN for receiving backhaul and relay placement site optimization using 5dB Bonus SNR and higher LOS probability are assumed.
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Figure 5 - CDF plots of backhaul spectral efficiency with 5 dB bonus SINR and higher LOS probability
Table 2 - Spectral efficiency for backhaul links with 5 dB bonus SINR and higher LOS probability
	Backhaul Link Spec. Eff. (bits/symbol) (5dB bonus, higher LOS prob)
	Case 1
	Case 3 Rural/Suburban,Suburban

	
	
	

	
	omni
	directed
	omni
	directed

	2 rx 
	3.74
	4.27
	3.94
	5.19

	4 rx 
	4.75
	5.35
	4.99
	6.32


4 System-level Dynamic Simulation Results
4.1 Backhaul link and dynamic partitioning

The following assumptions of relays were adopted in simulations:

· Inband backhaul: The backhaul spectral efficiency is assumed to be nonideal, i.e. realistic so that the downlink scheduler at each RN throttles the traffic to the UE2s based on the number of bits received by the RN from the backhaul link up to that time.  The backhaul link shares radio resources with the eNB-UE and RN-UE links.

· Fixed backhaul subframes assignment and dynamic partitioning
· Each eNB allocates a fixed number (x, x=2,4,6) of subframes during a radio frame for backhaul transmissions. 
· In a Radio Frame (with x backhaul subframes per Radio Frame), every eNB uses (10 – x) subframes to serve the UE1s, and every RN uses (10 – x) subframes to serve its UE2s.

· During the backhaul subframes of a Radio Frame, UE1 may (or may not) be scheduled for eNB to UE1 transmission.  In other words, the eNB partitions its resources to serve both the RNs and UE1s, and this backhaul subframe partitioning is dynamically determined on the fly.  That is, each RN estimates during the next few consecutive access link subframes how many bytes are to be transmitted to its UE2s; this defines the desired relay buffer level.  Then based on the difference between the desired relay buffer level and the current actual relay buffer level, the eNB estimates how many resource blocks (RBs) (and plus some margins, i.e. a few extra RBs) are needed for the transmission via this backhaul link (apparently the backhaul link quality is also used in this resource assignment process).

· This dynamic partitioning technique is an improvement from the previous contributions R1-094838 ‎[2] and R1-100179 ‎[2] , in which no UE1 is allowed to use any resource blocks (RBs) in backhaul subframes for its direct link transmission.  
· Clearly the dynamic partitioning technique encompasses the fixed partitioning technique as a special case.  In case that the number of RBs requested by the backhaul links equals or exceeds the total number of RBs available during a backhaul subframe, no UE1 will be scheduled.  This means that the dynamic partitioning falls back to the fixed partitioning automatically.
· However, it should be noted that the need of allowing UE1s to share the backhaul subframe RBs does not occur often since in most scenarios the backhaul link is the bottleneck. 
· The eNB schedules the Relay traffic and UE1 traffic according to a proportionally fair scheduler (in both time and frequency) based on the channel quality of the backhaul link and direct link as well as the dynamic partitioning constraint imposed on the above mentioned buffer level condition. 

· Note that more than 6 backhaul subframes per radio frame is not feasible.  In this contribution, however, some results with 8 backhaul subframes per radio frame will be presented for comparison purpose only.
· In a macro cell without any UE2, all 10 subframes in a Radio Frame are used by UE1 (direct link) transmissions.
4.2 Enhancement techniques
The following performance enhancement techniques will be compared:

· Rate-based cell selection (RBCS) technique

This is similar to the rate-based cell selection technique initially proposed for use with TDM non-overlapped muting.  However, in this contribution, a modified RBCS approach is used for non-muting simulations.  For this purpose:

1) For each UE, the eNB providing the best CQI (denoted CQI1) and the RN providing the best CQI (denoted CQI2) are chosen as candidate serving nodes.

2) If CQI1 is 3 dB higher than CQI2, then the UE will be served by the eNB.  If, however, CQI1 is 3 dB lower than CQI2 , then the UE will be served by the relay.  Otherwise, go to the next step for rate-based decision making.

3) Base on CQI1, the number of direct link subframes in a Radio Frame, the number of UE1s served by the eNB, and the number of receive antennas at the UE, the throughput (number of bits) that the UE can receive in a Radio Frame from the best eNB can be computed (denoted T1).  Likewise, base on CQI2, the number of backhaul link subframes and access link subframes in a Radio Frame, the number of UE2s served by the relay, the number of relays served by the donor eNB, the backhaul link quality (bits/modulated symbol), and the number of receive antennas at the UE, the throughput (number of bits) that the UE can receive in a Radio Frame from the best relay can be computed (denoted T2).  The UE will then attach to the serving node that provides higher throughput, i.e., if T1> T2 then this UE will be a UE1 served by the eNB, otherwise it will be a UE2 served by the relay.
In summary, the RBCS technique assigns a UE to the serving node providing the highest throughput if that node does not lead to a CQI 3 dB worse than other serving nodes. Note that the loading factors of eNB and relays need to be accounted for in above procedure.  The 3 dB CQI threshold is to prevent control channel/sync channel degradation if the UE is not served by the serving node with the strongest signal.

In this contribution, this RBCS method is used along with 3 dB eNB power reduction for DS Case 1, and is used with 0 dB eNB power reduction for DS Case 3.  This is because Case 1 has small cell radius, and with 4 or 10 RNs/cell, it is beneficial to slightly reduce eNB power to reduce eNB interference to UE2s.
· Boosting/deboosting technique (see R1-094838 ‎[2] )

Typically, in cellular systems, the UEs attach to the eNB (or RN) based on the highest reference symbol received power (RSRP). Since the RNs typically have significantly lower power (e.g. 30 dBm) compared to an eNB (e.g. 46 dBm), there may be only a small number of UEs attached to the RN (this also depends on the pathloss models assumed for the eNB-UE and RN-UE links). Thus, it is possible to reduce the eNB transmission power and boost the relay reference symbol (RS) power so that more UEs can attach to relays. An alternative to RN RS power boosting is to use a cell selection biasing at the UE, which allows the UE to connect to a RN even though the UE sees a better RSRP from the eNB. Though, this may increase the interference the UE experiences from the eNB, this is mitigated to a certain extent due to interference randomization (built-in in the LTE control channels) and/or interference coordination when scheduling data to the UEs. 

In this contribution, 3 dB eNB power reduction together with 3dB relay RS boosting will be simulated.  This increases the relay cell serving areas and reduces eNB interference to UE2s.
· TDM non-overlapped muting (see R1-094838 ‎[2] , R1-100707 ‎[7] , R1-100740 ‎[8] ) 

In a relay network with significant interference from macro eNB to UE2s, one may want to turn off macro eNBs for a few subframes in each Radio Frame so that UE2s can see much better channel quality from their serving RNs.  This is especially so if the RNs extend their coverage areas in order to better exploit the cell splitting gains offered by RNs.  The disadvantages, however, include increased system complexity and reduced duty cycles for eNBs which may impact the overall throughput performance. 

To be better aligned with the assumptions in R1-100707 ‎[7] , R1-100740 ‎[8] which assumed 7 backhaul subframes and UE1s only receiving during backhaul subframes, in this contribution, for the cases with 4, 6, or 8 backhaul subframes per radio frame, UE1s can only receive during the backhaul subframes.  For the case with 2 backhaul subframes per radio frame, the 2 backhaul subframes can only be used by backhaul links, and UE1s use 5 and UE2s use 3 of the rest of subframes.
The dynamic system simulations results comparing the inband relays with the baseline no relay case are shown in below Figures 6 and 7 for Case 1 and Case 3, respectively (see also Table 4 and 
Table 5
 for complete results in Annex B).  Case 3 with muting is not presented in the figure since it is known that muting has no benefit for Case 3 (R1-100707 ‎[7] ).
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(a) Case 1 Baseline RN results (no boosting/deboosting/muting/RBCS)
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(b) Case 1 RN + eNB 3dB power reduction + RBCS
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(c) Case 1 RN + eNB 3dB power reduction + RN 3dB RS boost

[image: image14.emf]-100.0%

-80.0%

-60.0%

-40.0%

-20.0%

0.0%

20.0%

40.0%

2 SF

backhaul

4 SF

backhaul

6 SF

backhaul

8 SF

backhaul

2 SF

backhaul

4 SF

backhaul

6 SF

backhaul

8 SF

backhaul

4RNs/cell 10RNs/cell

5%ile UE tput gain %

sector avg tput gain %


(d) Case 1 RN + non-overlapped TDM muting
Figure 6 – Case 1 throughput gains (%) with relays relative to throughputs with no RNs
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(a) Case 3 Baseline RN results (no boosting/deboosting/muting/RBCS)
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(b) Case 3 RN + eNB 3dB power reduction + RBCS
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(c) Case 3 RN + eNB 3dB power reduction + RN 3dB RS boost

Figure 7 – Case 3 throughput gains (%) with relays relative to throughputs with no RNs

The following are the conclusions for the Case 1 (Figure 6): 

· For the inband Relays with non-ideal backhaul, the best performing case is 4 RNs/cell and with 4 backhaul subframe/Radio Frame, RBCS + 3 dB eNB power reduction.  The best sector throughput and cell edge throughput gains were approximately 11% and 12%, respectively. 
· Increasing the number of relays (from 4 to 10) does not necessarily improve performance.  This is because the UE2 throughputs are limited by the backhaul link throughputs which are not improved if the number of backhaul subframes is limited.  Furthermore, adding more relays in a small-cell system (e.g. Case 1 with ISD 500m) increases the interference and can degrade throughput.

· With 10 RNs/cell, 6 backhaul subframes, throughput without any enhancement techniques are almost as good the best results.
· TDM non-overlapped muting is not beneficial under current simulation assumptions, partially because the appropriately selected antenna downtilt effectively mitigates some interference. Note that the muting gains shown in ‎[7] were achieved under different simulation assumptions, such as assuming 7 backhaul subframes/Radio Frame.  
· The potential TDM non-overlapped muting gains also require the muting to be synchronous in the networks, which may not be desired in real networks. Note that Non-synchronous TDM non-overlapped muting was found not beneficial (R1-100142 ‎[11] ).
· The inband Relays with non-ideal backhaul provide much smaller gains in sector throughput gains over the baseline no relay case. 
The following are the conclusions for Case 3, Suburban (Figure 7): 

· For the inband Relays with non-ideal backhaul, the best performing case is 10 RNs/cell and with 4 backhaul subframe/Radio Frame, RBCS + 0 dB eNB power reduction.  The best sector throughput and cell edge throughput gains were approximately 35% and 34%, respectively.

· Increasing the number of relays (from 4 to 10) significantly improves performance in large-cell networks.  
· The baseline relay result (i.e. no enhancement technique used) is only slightly lower than that with RBCS technique.

· The inband Relays with non-ideal backhaul provide smaller gains in sector throughput gains over the baseline no relay case. 
5 Conclusions

Following are the conclusions drawn in this paper:

· For omni and directional antennas at the RN, the Relay placement optimization with 5 dB SNR bonus and the N=3 increased probability of LOS is only slightly better than that with 5 dB SNR bonus only, and the Relay placement optimization with 5 dB SNR bonus is slightly better than the N=3 increased probability of LOS. However, the difference is smaller for the case with directional antennas. This contribution assumes that both of the two optimization schemes (SNR bonus and increased LOS) are applied.
· Inband Relays with dynamic backhaul subframe partitioning and rate-based cell selection (RBCS) method provide moderate to high gains in sector and cell-edge throughput. 
· For Case 1, non-ideal inband backhaul,
· With 4 Relays, the best case (RBCS + 3 dB eNB power reduction, 4 backhaul subframes/radio frame) sector throughput and cell edge throughput gains were approximately 11% and 12%, respectively. 
· 4 Relays/cell can have comparable throughput performance as 10 Relays/cell. Increasing the number of relays (from 4 to 10) does not necessarily improve performance in interference-limited small-cell networks subject to backhaul bottleneck.
· Synchronous TDM non-overlapped muting is not beneficial.
· Non-synchronous TDM non-overlapped muting was found not beneficial (R1-100142 ‎[11] )
· For Case 3 Suburban, non-ideal inband backhaul,
· With 10 Relays/cell, the best case (RBCS, 4 backhaul subframes/radio frame) sector throughput and cell edge throughput gains were approximately 35% and 34%, respectively. 
· Increasing the number of relays (from 4 to 10) significantly improves performance in noise-limited large-cell networks.
· In either case, the baseline RN results (no enhancement technique used) are only slightly lower than RBCS results. 
· Case 3 with muting is known to be not beneficial (R1-100707 ‎[7] ).
· It is recommended to focus on eNB power reduction + RBCS technique for DS Case 1, and RBCS technique or no enhancement technique for DS Case 3.
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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
	0 RN cell (baseline) or 4/10 cells per macro eNB cell, not wrapped‑around

	Inter-site distance (ISD)
	500 m (DS case 1), 1732 m (DS case 3 suburban unless otherwise specified), 

	Distance-dependent path loss for eNB(UE1
	Per latest agreed model in RAN1,  TR 36.814 v1.6.0 (Case 3 is suburban)

	Distance-dependent path loss for eNB(RN
	Per latest agreed model in RAN1,  TR 36.814 v1. 6.0

	Distance-dependent path loss for RN(UE2
	Per latest agreed model in RAN1,  TR 36.814 v1. 6.0

	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
	10 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, 10 for data on the backhaul)

	Channel model
	Typical Urban (TU) used for PDSCH 

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

	Minimum distance between UE and BS
	35 m

	Minimum distance between relays
	40 m for Case 1 with 10 RNs/cell, 70m for all others

	Frequency reuse factor
	1

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

	Hybrid ARQ round trip delay for UE
	8 subframes (8 ms)

	Hybrid ARQ round trip delay for RN backhaul
	10 ms

	Thermal noise density
	-174 dBm/Hz

	Antenna pattern for macro eNBs (horizontal)
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[image: image19.wmf]dB
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 = 70 degrees, Am = 25 dB  (70 degree horizontal beamwidth)

	Antenna pattern for backhaul receive antennas at the RN (horizontal)
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[image: image21.wmf]dB
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q

 = 70 degrees, Am = 20 dB  (70 degree horizontal beamwidth)

	Antenna pattern for relays to UEs (horizontal)


	Omni, 0dB for all directions

	Antenna pattern for macro eNBs (vertical)
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[image: image23.wmf]dB

3

q

 = 10 degrees,  SLAv = 20 dB

	Antenna pattern for relays (vertical)
	Vertical pattern off

	Total macro BS TX power
	40 Watts, 46 dBm 

	Total relay TX power
	30 dBm (DS Case 1), 37 dBm (DS Case 3)

	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
	3 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 for BS

	Scheduler
	Time and frequency selective Proportional Fair scheduler

	Control channel model
	Ideal

	UE Channel Estimation
	Non Ideal

	Simulation drops
	3

	Interference modeling
	Frequency selective interference from all eNBs/RNs, top 15 interferers with both frequency/spatial selective interference and fast fading

	Link to System Mapping
	MMIB


Annex B: Simulation Results
Table 4 - Simulation results, baseline relays (no enhancement techniques ) and RBCS
 [image: image24.emf]UE1% UE1 UE2 UE1% UE1 UE2

UE2% tput tput tput gain UE2% tput tput tput gain

Sect

0.5886 1752.9 6051.1 86983 213.7% 0.49385 2018.5 5450.1 92989 235.3%

5%ile

0.4114 340.76 2358.9 404.8 84.8% 0.50615 374.61 2132.5 478.8 118.6%

Sect

0.5886 1422.4 770.66 28494 2.8% 0.50284 1598.3 659.69 28016 1.0%

5%ile

0.4114 286.18 90.376 155.5 -29.0% 0.49716 301.34 80.22 113.77 -48.1%

Sect

0.5886 1134.1 1430.2 30995 11.8% 0.49432 1284.7 1225.2 31048.4 12.0%

5%ile

0.4114 236.32 229.76 230.97 5.5% 0.50568 248.13 197.72 241.94 10.5%

Sect

0.5886 959.12 1636.6 30571 10.2% 0.49527 1061.7 1432.3 30912 11.5%

5%ile

0.4114 185.24 334.67 219.24 0.1% 0.50473 186.45 274.36 226.99 3.6%

Sect

0.5886 1137.7 1153.5 28272 2.0% 0.51822 1203.9 1100.1 28556 3.0%

5%ile

0.4114 212.35 275.2 231.14 5.5% 0.48178 212.1 256.19 232.19 6.0%

Sect

0.3628 2576.7 7142.6 136360 485.9% 0.25969 3336.8 6727.5 145720 526.2%

5%ile

0.6372 496.46 1854.1 771.54 601.4% 0.74031 592.38 1740.5 1045.7 850.6%

Sect

0.3628 2103.1 474.85 26479 -4.5% 0.32056 2200 512.04 26191 -5.5%

5%ile

0.6372 414.21 74.212 90.17 -58.8% 0.67944 440.07 69.834 83.176 -62.0%

Sect

0.3628 1621.4 982.72 30178 8.8% 0.27766 1933.3 897.32 29484 6.3%

5%ile

0.6372 344.75 151.24 181.61 -17.1% 0.72234 342.94 136.22 157.37 -28.1%

Sect

0.3628 1192.9 1341.2 31997 15.4% 0.26867 1398.3 1230.1 31730 14.4%

5%ile

0.6372 274.54 218.07 231.88 5.9% 0.73133 273.14 231.77 242.23 10.6%

Sect

0.3628 1204.6 1248.1 30642 10.5% 0.30332 1221.3 1224.5 30451 9.8%

5%ile

0.6372 235.38 266.98 252.76 15.4% 0.69668 259.81 259.85 260.08 18.8%

Sect

0.577 1495.3 8543.7 111350 301.6% 0.55793 1545.1 7958.2 109060 293.3%

5%ile

0.423 164.32 2631.6 217.5 -0.7% 0.44207 168.06 2191.7 235.09 7.3%

Sect 0.577 1206.7 847.33 26262 12.8% 0.55981 1244 817.47 26323 13.1%

5%ile

0.423 152.34 97.851 125.24 13.9% 0.44019 151.05 87.675 118 7.3%

Sect

0.577 948.11 1674.5 31232 34.2% 0.55793 978.65 1596.8 31176 34.0%

5%ile

0.423 115.6 250.52 143.34 30.3% 0.44207 119.16 218.84 148.55 35.0%

Sect

0.577 741.21 2155 33309 43.1% 0.55817 766.78 2045.4 33153 42.5%

5%ile

0.423 83.163 323.52 115.82 5.3% 0.44183 86.838 277.71 120.45 9.5%

Sect 0.577 758.93 1856 30424 30.7% 0.55793 804.93 1743.1 30373 30.5%

5%ile

0.423 83.03 304.09 111.68 1.5% 0.44207 95.567 226.82 119.75 8.9%

Sect

0.3028 2473.8 10942 209150 798.7% 0.28484 2643.3 10536 206960 789.3%

5%ile

0.6972 241.42 2491.8 502.12 356.5% 0.71516 245.28 2253.5 504.92 359.0%

Sect 0.3028 2008.9 521.59 24287 4.4% 0.31169 1970.8 554.79 24901 7.0%

5%ile

0.6972 207.26 63.403 76.486 -30.5% 0.68831 190.96 66.825 82.259 -25.2%

Sect 0.3028 1524.7 1104.1 30760 32.2% 0.29093 1592.7 1088.4 30866 32.6%

5%ile

0.6972 167.8 136.07 146.93 33.6% 0.70907 156.8 149.45 151.42 37.7%

Sect

0.3028 1057.7 1582 35538 52.7% 0.29187 1076.7 1540.2 35098 50.8%

5%ile

0.6972 114.89 228.88 172.08 56.4% 0.70813 108.82 234.7 174.21 58.4%

Sect

0.3028 807.21 1756.5 36698 57.7% 0.29927 804.77 1727.8 36258 55.8%

5%ile

0.6972 101.68 296.62 164.62 49.7% 0.70073 102.15 286.58 164.3 49.4%
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Table 5 - Simulation results, boosting/deboosting and TDM muting 

[image: image25.emf]UE1% UE1 UE2 UE1% UE1 UE2

UE2% tput tput tput gain UE2% tput tput tput gain

Sect

0.46028 2196.3 4962.7 91401 229.6% 0.06937 6261.4 2766.2 75207 171.2%

5%ile

0.53972 406.4 1846.5 565.66 158.3% 0.93063 932.33 769.87 772.17 252.6%

Sect

0.46028 1790.9 614.37 28623 3.2% 0.30101 2436.3 513.82 27141 -2.1%

5%ile

0.53972 340.4 70.711 101.28 -53.8% 0.69899 529.74 55.056 100.5 -54.1%

Sect

0.46028 1408.7 1150.6 31428 13.3% 0.21453 1244.5 721.62 26035 -6.1%

5%ile

0.53972 279.76 178.72 217.77 -0.6% 0.78547 240.9 63.636 163.636 -25.3%

Sect

0.46028 1087.9 1268.8 29374 5.9% 0.073588 589.96 1013.2 24486 -11.7%

5%ile

0.53972 219.37 220.47 220.43 0.7% 0.92641 23.548 107.73 89.822 -59.0%

Sect

0.46028 1397.9 940.02 28506 2.8% 0.18901 736.58 1066.1 25035 -9.7%

5%ile

0.53972 241.1 175.96 196.95 -10.1% 0.81099 60.181 132.8 112.36 -48.7%

Sect

0.22783 3817.8 6372 144270 519.9% 0.000468 16605 4476.4 112210 382.2%

5%ile

0.77217 675.14 1536.4 1153.5 948.6% 0.99953 NaN 871.41 871.42 692.2%

Sect

0.22783 3112.6 421.09 25711 -7.3% 0.25012 3003 401.02 26200 -5.5%

5%ile

0.77217 570.56 56.472 63.118 -71.2% 0.74988 480.21 57.733 86.97 -60.3%

Sect

0.22783 2388.8 843.6 29748 7.3% 0.11249 2001.45 730.9 18282 -34.1%

5%ile

0.77217 448.58 126.34 143.68 -34.4% 0.88751 380.3 85.818 105.818 -51.7%

Sect

0.22783 1712.9 1153.3 31885 15.0% 0.027381 535.16 1019.7 25162 -9.3%

5%ile

0.77217 333.08 200.82 226.6 3.5% 0.97262 40.861 155.82 144.3 -34.1%

Sect

0.22783 1665 1104.3 30672 10.6% 0.049391 649.09 1137.3 27838 0.4%

5%ile

0.77217 313.99 212.31 230.31 5.2% 0.95061 88.246 194.58 182.83 -16.5%

Sect

0.5027 1636.7 6898.8 105960 282.1%

5%ile

0.4973 127.27 1417 215.88 -1.4%

Sect

0.50282 1327.4 722.71 25599 10.0%

5%ile

0.49718 122.03 76.678 90.299 -17.9%

Sect

0.50282 1038.5 1430 30718 32.0%

5%ile

0.49718 100.68 156.27 124.92 13.6%

Sect

0.50282 807.06 1839.2 32874 41.3%

5%ile

0.49718 75.705 163.8 103.46 -5.9%

Sect

0.50282 843.92 1561.4 29898 28.5%

5%ile

0.49718 73.45 115.38 88.06 -19.9%

Sect

0.23232 3020.7 10011 209430 799.9%

5%ile

0.76768 188.23 1580.6 502.05 356.4%

Sect

0.23237 2470.3 477.05 23475 0.9%

5%ile

0.76763 161.43 46.299 51.711 -53.0%

Sect

0.23237 1887.7 1010.8 30324 30.3%

5%ile

0.76763 132.81 108.3 113.21 2.9%

Sect

0.23237 1298.1 1443.5 35195 51.2%

5%ile

0.76763 93.04 165.4 143.44 30.4%

Sect

0.23237 930.12 1612.4 36316 56.1%

5%ile

0.76763 87.26 188.9 141.39 28.5%
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