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1 Introduction

In the 3GPP TSG RAN4 AH #2 meeting, the question 1(Q1) from RAN1 LS R1- R1-100832 is not answered because lack of the related research. Q1 is re-written as followed.

Q1: What is the expected frame timing synchronization requirement between eNB(s) and relay(s)? Are there specific synchronization requirements in case of TDD, MBSFN, or ICIC?

Some contributions focused on absolute synchronization and air-interface synchronization have been discussed in Ad-Hoc #02 meeting. A proposal was mentioned that absolute RN-eNB synchronization shall be mandatory for TDD since UL-DL interference while air-interface synchronization can be used when the distance between eNB and RN is larger than 15km in [4], while the opposite one was a little relaxed synchronization should be used for TDD/MBSFN and a large offset is not needed since the extended CP [5]. In [6], a preliminary analysis based on simple simulation mentioned that different power of RN result in different type of synchronization for MBSFN and CoMP.

In nearest RAN1 meeting, Case 1 and Case 3 synchronization are used for FDD and TDD respectively, Case 2 synchronization needs to be discussed, and Case 4 is not considered in RAN 1 further discussions. In this contribution, based on case1 and case 3 of timing, the timing impacts on ICIC and MBSFN are analyzed based on simulation.

2 The synchronization impacts on ICIC 
2.1 Interference analysis 
2.1.1 Downlink Interference Analysis for data transmission
For type 1 relay, it has its own Physical Cell ID and appears to a UE as a separate cell distinct from the donor cell. The interference between donor eNB and RN may be avoided by the coordination of the scheduling strategy with eNB. However, because there is no scheduling harmonization between RN and the neighbouring eNBs, when they simultaneously transmit their data using the same time/frequency resources, the mutual interference is incurred.  The mutual interference scenarios in downlink are illustrated in Fig. 1.
For the downlink interference, illustrated in Fig. 1, when the same frequency/time resources are used by RN and eNB2 for UE1 and UE2 respectively, the mutual interferences are produced, marked I1/2/d and I2/1/d indicating by the blue dashed. The strengths of the interference I1/2/d and I2 /1/d depend on the transmitting power of the RN and eNB2 to UE1 and UE2 respectively. 

2.1.2  Downlink Interference analysis for control signal
For type 1 relay, the relay node may transmit its own synchronization channels, reference symbols, and control signals, e.g. PBCH, PDCCH, etc. As type 1 relay is taken as an independent eNB from the viewpoint of UE, the RN and neighbouring eNBs, for example eNB2, may transmit different control signal using the same time/frequency resource. Thus extra interference is incurred for control signal reception at UE. The interference scenario is the same as illustrated in figure 1. 
2.2 Inter-cell interference coordination (ICIC)
Inter-cell interference coordination (ICIC) is to assort with the inter-cell interference in order to keep them under control and improve the system average throughput. ICIC is inherently a multi-cell RRM function that needs to take into account the information from multiple cells. 
For ICIC execution, the LI is an important message. The purpose of the Load Information procedure is to transfer load and interference co-ordination information between intra-frequency neighboring eNBs. UL Interference Overload Indication IE, UL High Interference Indication IE and Relative Narrowband Tx Power (RNTP) IE are included in the LI message [1]. Based on these IEs, the interrelated eNB shall do the corresponding adjustments. 

Usually, when some access point (AP), for example, eNB2 receives the LI message from another AP, for example RN, firstly, ICIC in eNB2 will search the interrelated UE, assuming it is UE2 which incurs the interference to UE1.  Secondly, ICIC informs scheduling algorithm to adjust the allocated resources for UE2.  If the resource adjustment is failed, the other schemes will be tried, for example, power control or handover etc. 
2.3 The impacts of synchronization on ICIC
The impacts are analyzed for downlink and uplink ICIC respectively. 
2.3.1 The impacts of synchronization on DL ICIC
This downlink interference cases are illustrated in the Fig. 2. In the following analysis, UE1 is acted as an example. 


                   

In Case a, b and c, the interference coming from eNB2 to UE1 is cancelled after ICIC actions. But in the case d, because the frequencies are the same and part time is overlapped, there is part interference after ICIC actions. In the following, only case d is analyzed. 

Assuming Trn-ue1, Tenb2-ue1 and are the transmission delay from RN and eNB2 to UE1 respectively.   ΔTsyn is the synchronization difference between RN and eNB2 (assuming eNB1 and eNB2 are absolute synchronization). It will be negative when RN timing is earlier than eNB2. Else it will plus.  Vo is velocity of light. Tenb2come and Trncome are the arrival time of interference from eNB2 and the signal from RN respectively.
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Often, Tenb2-ue1 is longer than the Trn-ue1. For example, if the distance difference between from eNB2 to UE1 and from RN to UE1 is longer than 0.3km, then, Tenb2-ue1 - Trn-ue1 is longer than 1us. Then, Δt is bigger than zero. In this case, even the interfered PRB of UE1 is scheduled by eNB2 in the neighbouring frame, there is no interference from eNB2 to UE1.
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(4) 
The downlink timing case 1 and case 3 are used in FDD and TDD respectively [2]. The impacts of two cases on ICIC are discussed in the following.

2.3.2  The impacts of Case 1  
In FDD, if different frequencies are used in the edges of cells, then, the interference from eNB2 to UE1 is very little because the same PRB is used by centre UE of eNB2, even there is
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2.3.3 The impacts of Case 3

In TDD, in the extreme case, the maximum un-removed interference after ICIC is Ncross/Nall.  Ncross is the overlapped OFDM symbol. Often Ncross is not bigger than 1. Nall is the all OFDM symbols in the scheduled PRB. Often, its size is bigger than 14. Then, under the extreme case, the maximum of un-removed interference is not bigger than 1/14.  
2.4 Conclusions
From the above analysis, the impacts of both case 1 and case 3 on ICIC is little. If synchronization difference is considered in ICIC design, these impacts will be completely removed. 
3 Analysis on MBSFN/CoMP
3.1 Analysis Model

Based on the requirement of MBSFN/CoMP, simultaneous transmission and receive power region between a donor eNB and RN should be analyzed. “Simultaneous transmission” means all the useful signal components should arrive at the receiver within the cyclic prefix, and “receive power region” means receive power difference should be in a region(e.g.[-10,10])[6].


[image: image9.emf]T

1

T

3

T

2

D


Fig.3 Propagation Delay in eNB and RN

As mentioned in [3], Case 1/2 can be considered as air-interface based RN-eNB synchronization schemes while Case 3 is an absolute RN-eNB synchronization scheme. For Case 1 synchronization, the arrive time difference between eNB-UE and RN-UE is propagation delay plus a fixed delay which should be not smaller than RX/TX switching time[7],while that of Case 2/3 synchronization is only propagation delay. Fig.3 shows the propagation delay between eNB and RN，the receive time difference is:

T0=| (T1 +T2)–T3|

















(5)
For Case 1/2 synchronization T1 = D*1000/C, where C is the speed of light in m/sec, for Case 3 synchronization T1 = 0. In this contribution we make a statistic of the strongest RN and its donor eNB, based on the distance between RN an d eNB and RN the propagation delay can be calculated.

In order to analysis the potential connection between different synchronization schemes and distance of eNB and RN, the simulations are fulfilled based on ITU RMA with 20km ISD scenario, which details showed in appendix A[8].

3.2 Simulation Analysis 

Fig.4 shows with dropped uniformly in cell, the distance between eNB and RN are in the range of 75m-13.5km. In this simulation, in order to fit the “receive power region”, we collect the UEs of which receive power difference between RN and eNB are in a range of [-10, 10].
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Fig.4 CDF of Distance between eNB and RN 
Fig.5 Ratio of Arrive time difference compared different fixed delay of Case 1

[image: image12.png]129.18.200. 65 R

Ratio of Arrive Time Difference longer than extend cp

1 T T

Ratio of Arrive Time Difference
@
T

Fixed Delay{us)

04}
03}
0.2
0.1
. ‘ ‘ ; I
2 5 8 1" 14 17

k]

|
0y

W7t ® @ R > @ > o [P io1irer... DRnsm

| [ osteE.. | &) indoxot .| 2] he s

[«0®D 2 s



      [image: image13.png]09

0B

07 |- - -

05

04

03[

Ratio of Arrive Time Difference

[

6 7 8
RN eNB distance{km)

101116412 -1EE... )R,

@ aonguel k13252





Fig.6 Ratio of Arrive time difference compared                Fig.7 Radio of arrival time different compared different

different fixed delay of Case 1 (ISD=1732m)                    distances in Case 1

3.2.1 Case 1 Synchronization
Assuming RN TX/RX switching time is in the range of [2, 17] (us), and equal to fixed delay. The ratio of arrive time difference longer than extend cp compared different fixed delay is showed in Fig.5, which RN transmit power is 30 dBm. We can find that with the increasing of fixed delay, arrive time difference have more probability that longer than extend cp. Based on the calculation of arrive time in section3.1, it’s easy to find that arrive time difference is bigger than fixed delay. When the fixed delay turns to be longer, Case 1 Synchronization may not suitable for simultaneous transmission of MBSFN and CoMP. In figure 6, when ISD=1732m, the Ratio of Arrive time difference compared  different fixed delay is provided. 
 Fig.7 shows the ratio of arrival time difference compared with different distance. For the increasing of distance, the ratio declines, and it also can find with larger fixed delay the ratio becomes smaller. 

Proposal 1: For case 1, it is better for the shorter fixed delay to service MBSFN/CoMP.
3.2.2 Case 3 Synchronization 
As showed in Fig.8, with the 30dBm RN transmit power, an acute decline of arrival time difference ratio appears when the distance between RN and eNB become longer. This is a disadvantage of absolute synchronization. As mentioned in section 3.2.3, long distance between eNB and RN may have little influence with air-interface synchronization, we make proposal that: a relax synchronization (e.g. air-interface synchronization) may be used for TDD instead of absolute synchronization when the distance between eNB and RN is long. 
Proposal 2: A relax synchronization (e.g. air-interface synchronization) may be used for TDD instead of absolute synchronization when the distance between eNB and RN is long.
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                         Fig.8 Ratio of arrive time difference compared 
                                different distances in Case 3

4 Conclusions

In the view of ICIC, the impacts of both case 1and case 3 on ICIC is little. If synchronization difference is considered in ICIC design, these impacts will be completely removed.

In the view of MBSFN and CoMP, the following proposals are obtained.

Proposal 1: For case 1, it is better for the shorter fixed delay to service MBSFN/CoMP.
Proposal 2: A relax synchronization (e.g. air-interface synchronization) may be used for TDD instead of absolute synchronization when the distance between eNB and RN is long.
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Appendix A: Simulation Assumptions

	Parameter
	Assumption

	Scenario
	2GHz CF, 20km ISD, 10MHz BW

	Cellular layout
	Hexagonal grid, 19 sites, 3 cells per site, wrap‑around

	Relay layout
	10 relays per cell

	Load
	60 UE per cell

	UE distribution
	Users dropped uniformly in entire cell

	Total eNB TX power (Ptotal)
	43dBm

	Total relay TX power
	30dBm

	BS antenna gain plus cable loss
	14 dBi

	Relay antenna gain plus connector loss
	5dBi for relay to UE

	UE antenna gain
	0 dBi

	Noise figure at UE
	9dB

	Noise power spectral density of Relay/UE
	-174 dBm/Hz

	Rural Macro (RMa) Path loss [dB]


	LOS：

PLLOS1 = 20log10(40dfc /3) 
+ min(0.03h1.72,10)log10(d) 
– min(0.044h1.72,14.77) + 0.002log10(h)d

（10 m < d < dBP）
PLLOS2 = PL1  (dBP) + 40 log10(d/dBP)
（dBP < d < 10 000 m）

NLOS：

PLNLOS = 161.04 – 7.1 log10 (W) + 7.5 log10 (h) – (24.37 – 3.7(h/hBS)2) log10 (hBS) + (43.42 – 3.1 log10 (hBS)) (log10 (d)-3) +20 log10(fc) – (3.2 (log10 (11.75 hUT)) 2 - 4.97)

fc is given in GHz and distance in meters
hUT = 1.5 m,W = 20 m, h = 5 m
hBS = 35 m, and for Relay :hBS = 10m

dBP  = 2π hBS hUT fc/c, where fc is the centre frequency in Hz, c = 3.0(108 m/s

	Lognormal Shadowing with shadowing standard deviation
	8 dB for macro cell to UE; 10dB for relay to UE

	Shadowing correlation
	Between sites/eNB
	0.5

	
	Between cells/sectors
	1.0

	Shadowing correlation distance
	50m

	Penetration Loss  
	20dB for relay to UE and macro to UE
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Case c: Only times are staggered                            Case d: Frequencies are same and part time is overlapped
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Fig.1 Downlink interference for data transmission






































Fig. 2  ICIC RB staggering cases








Case a: Only frequencies are staggered                       Case b: Times and frequencies are staggered
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