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Introduction
In 3GPP Ran-1 #60 meeting, WF has been agreed on UL backhaul timing [1]. In particular there have been some discussions on the potential impact of backhaul UL timing on access link, especially in TDD systems. In this contribution we present some further discussions on this aspect, which show that such impact is not significant under typical evaluation scenarios. 

UL Backhaul Timing
In [1] the following have been agreed on UL backhaul timing.
· Case 2b shall be supported as the working assumption for FDD

· There are concerns about the impact of Case 2b on the usage of SRS and/or CQI on the access link

· Companies are encouraged to analyze the impact and evaluate the performance, especially for TDD, for the next meeting

· If impact is not acceptable, consider other RN UL timing cases

· The support of case 2a & 4 is still under consideration depending upon RAN4 inputs and/or other considerations.

Case 2b above refers to the option where RN uses the last OFDM symbols in UL subframe #(n-1) for RF switching if subframe #n is to be allocated for UL backhaul. Such scheme is shown in Fig. 1 below.
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Fig. 1 UL backhaul Timing Case 2b
Some companies have shown concerns that UL backhaul timing as such may impact the access link performance especially for TDD systems. The potential issues may be that 

· For some TDD UL-DL configurations the number of UL subframes per radio frame is rather limited. In this sense losing one last OFDM symbol in one UL subframe may decrease the available sounding resources in the access link. 

· One other issue is that the shortened PUCCH in access link may lead to degraded link performance for UL control channels, especially for the cell edge UEs.  
The first point above may result in scheduling gain loss in access UL due to less availability of UL channel status information at the RN side. While for the second point the significance of such impact depends on UL SINR distributions for the UEs which are attached to a RN. In the following section, we will present some evaluations and discussions on these aspects.  

Impact of Case 2b on the Access Link
We first consider whether losing one last OFDM symbol in some of the access UL subframes impacts the scheduling gain and thus the UL system throughput. For the evaluations we consider 3GPP Case 1 with 4 relay nodes and 25 UEs per sector. TDD UL-DL configuration #4 is assumed in the following. The simulation parameters are detailed in the Appendix.  
In Fig. 2 the UL throughputs are shown for difference cases. In the Figure, “PFS” indicates the case where one OFDM symbol is muted in the backhaul link for the purpose of RN switching, and in this case PFS scheduling is utilized in the access link. “Case 2b-RR” and “Case 2b-PFS” denote the cases where the first and second UL subframe following the special subframe is configured as access and backhaul respectively with UL backhaul timing case 2b. For both cases there are 14 OFDM symbols available for UL backhaul. The difference between the two is that for “
Case 2b-RR” the round-robin scheduling is assumed for UL access to model the worst case where the SRS resource in the access link is not enough, while “Case 2b-PFS” assumes PFS scheduler, which uses CSI measured from SRS transmitted by RN-attached UEs, for the access link. For the results it is seen that with UL backhaul timing case 2b the throughput is slightly better compared with the case of sacrificing one OFDM symbol in UL backhaul. This is mainly because the traffic load within relay cells is not high enough to benefit from one more symbol over backhaul. By comparing case 2b with different schedulers it can be seen that the lack of scheduling gain in access link causes around 6.9% throughput loss in system throughput. Note that this represents the worst case since even for the considered configuration some SRS resource may be available in the special subframe in the access link. 
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Case 2b, PFS,mean = 84.59
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Fig. 2
UL throughput performance comparisons for different UL timing cases
Below we further discuss on the impact of losing one last OFDM symbol on UL control channel performance in the access link. This corresponds to the case where the second one among the two consecutive UL subframes is configured as UL backhaul assuming UL backhaul timing Case 2b. 
Figure 3 shows the UL SINR distribution for RN-attached UE. From the figure we can see that RN UEs have a SINR of around 17dB for 50%-tile, and for 5%-tile the SINR is beyond 10dB. So it is interesting question that how much would be the impact of losing one last OFDM symbol on UL control channel performance such as ACK/NACK or CQI on PUCCH. Taking PUCCH Format 1a/1b as an example, the main difference between normal and shortened (i.e., one less OFDM symbol in the end of the TTI) is reduction of signal energy to 7/8, which means about 0.6 dB loss in link performance. Based on the statistics in Fig. 3 it is estimated that such level of loss would not impact ACK/NACK performance much even for UEs located at RN cell edge. Furthermore it should be noted that RNs have much lower TX power compared to eNBs, while the UEs connected to the RNs still have the same power as in macro cells. Therefore the link-imbalance between UL and DL is less pronounced in RN cells and therefore UEs are not expected to suffer from insufficient UL power for the control channels at least. 

For CQI carried by PUCCH Format 2 one can similarly estimate that the signal energy is reduced by around 0.5dB for small payload size (4-5bits). For higher payloads the loss will be larger. However such degradation on CQI feedback performance mainly impacts the DL scheduling gain, which is not likely to be significant considering rather good Uu uplink quality and small number of RN-attached UEs.
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Fig. 3 UL SINR for RN-attached UEs

Based on the above analysis, we do not see significant impact of Case 2b on system performance for typical evaluation scenarios in TDD systems. This is especially true when relay is deployed targeting on coverage improvement scenarios and has lower TX power compared to macro cells. Furthermore that access link is not expected to be the bottleneck considering rather good Uu uplink quality and small number of RN-attached UEs per RN. However the backhaul link, which is shared among all RNs (and even UEs served by the eNB directly) is more prone to be the bottleneck.  
Impact of Case 2b on Access link PRACH
For UL backhaul timing case 2b, the UL access link timing is basically aligned with the reception time of UL backhaul. This compares to the traditional cases where UL timing in a TDD cell can be aligned with the DL timing in the same cell, may to some extend impact the PRACH coverage. For example, when the ISD between relay and DeNB is large, there may be a large mismatch between DL and UL timing in relay cell. For some TDD configurations with limited UL subframes (e.g., configuration #2 and #5) this effectively reduces the maximum PRACH coverage. Considering relatively lower transmitting power and smaller severing area, this however will not be critical issue targeting Rel-10 relaying designs.
Conclusion

In this paper, we discuss on the impact of UL backhaul timing option “Case 2b” on access UL performance. We observe that for typical evaluation scenarios UL BH timing case 2b has limited impact on access UL in terms of average throughput. It is also estimated that such scheme will have little impact on access link coverage from control channel performance point of view. It is also pointed out that UL BH timing as such may to some extend limit the cell size served by a RN. As a conclusion we suggest selecting the UL backhaul timing option “Case 2b” based on the presented considerations.
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Appendix: Simulation Assumptions

	Parameter
	Assumption/Value

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

	Relay layout
	4 relays per sector; relay layout is regular; 

	Inter-site distance (ISD) - Case1
	500 m 

	TDD UL-DL configuration
	#4, DSUUD DDDDD

	Minimal distance between UE and relay
	>= 35 meters

	Distance-dependent path loss for eNB(UE1
	PLLOS(R)=103.4+24.2log10(R), R in kilometers

PLNLOS(R)= 131.1+42.8log10(R), R in kilometers

Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063) , R in kilometers (DS Case 1)

Prob(R)=exp(-(R-0.01)/0.2) , R in kilometers (DS Case 3)

	Distance-dependent path loss for eNB(relay
	PLLOS(R)=100.7+23.5log10(R), R in kilometers

PLNLOS(R)= 125.2+36.3log10(R)-B, R in kilometers

Prob(R)=min(0.018/R,1)*(1-exp(-R/0.072))+exp(-R/0.072), R in kilometers (DS Case 1)

Prob(R)=exp(-(R-0.01)/0.23) , R in kilometers (DS Case 3)

Bonus for donor macro (from each of its sectors) to relay for optimized deployment, B=5dB; otherwise, for non-donor cell and non-optimized deployment, B=0dB

LOS probability is 1-(1-Prob(R))^N  where N=3 for donor macro (from each of its sectors) to relay, otherwise, for non-donor cell and non optimized deployment N=1.
If link from donor Macro to optimized relay site is LOS, the links from other macros to optimized relay site could be LOS or NLOS, else all interference links from other macros are NLOS.

	Distance-dependent path loss for RN(UE2
	PLLOS(R)=103.8+20.9log10(R), R in kilometers

PLNLOS(R)=145.4+37.5log10(R), R in kilometers

Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03)), R in kilometers (DS case 1)

Prob(R)=0.5-min(0.5,3exp(-0.3/R))+min(0.5, 3exp(-R/0.095)), R in kilometers (DS case 3)

	Lognormal Shadowing
	As modeled in UMTS 30.03, B 1.4.1.4

	Shadowing std: macro to UE
	NLOS link
	8 dB

	
	LOS link
	0 dB

	Shadowing std: macro to relay
	NLOS link
	6 dB

	
	LOS link
	0 dB

	Shadowing std: 
relay to UE
	NLOS link
	10 dB

	
	LOS link
	0 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 relay
	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, 3 for RS and sounding overhead)

	Channel model
	Typical Urban (TU) used for all links

	UE deployment
	25 UEs per sector, uniform randomly distributed over the system with load balance enabled

	Minimum distance between UE and BS
	35 m

	Frequency reuse factor
	1

	Hybrid ARQ scheme
	Synchronized, CC, 11 levels MCS for all links

	Hybrid ARQ round trip delay
	8 subframes (8 ms); 10 subframes for backhaul link

	Thermal noise density
	-174 dBm/Hz

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

	Antenna pattern for relays to UEs (horizontal)
	Omni-directional
	0 dB for all directions

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

	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)
	Rx/Tx with eNB
	5 dBi

	
	RxTx with UE2
	7 dBi

	UE antenna gain
	0 dBi

	BS and relay receiver from UEs
	2 antennas

	Relay transmitter
	1 antennas

	UE transmitter
	1 antennas

	UE speed
	3 km/h

	Relay noise figure
	5 dB

	UE noise figure
	9 dB

	Traffic type
	Full buffer

	Scheduler
	Proportional Fair scheduler

	Control channel model
	Ideal

	Link to system level interface
	EESM

	UE Channel Estimation
	Non-ideal

	Power control (not optimized)
	Case 1
	P0 = -56 dBm; alpha = 0.6

	
	Case 3
	P0 = -67 dBm; alpha = 0.8

	Simulation drops
	3
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