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1 Introduction

There are a lot of discussions on relay synchronization issues in RAN4 according to the agreement of RAN1. In the recent WG4 #AH3 meeting, the synchronization requirement was proposed for DL Case 1 and DL Case 3 of both FDD and TDD respectively in [1]. In [2], the relay synchronization requirement was also achieved for TDD relay system of different Donor Cell Types. The key difference of these two proposals is that whether the relaxed synchronization can be allowed or not when the cell radius is relative large in TDD mode. Based on the previous discussion, in this contribution, we go on to investigate and discuss the synchronization impacts of DL Case 1 and DL Case 3, in which aims to find an available method to determine the synchronization requirements for both DL cases. Finally, we propose the synchronization requirements to be adopted for DL Case 1 and DL Case 3 based on simulations and analysis.
2 Discussion of Synchronization Requirements
In [3], it suggests that the set of OFDM symbols available for the transmission of backhaul link vary drastically depending on the eNB-RN propagation delay. Thus, for the purpose of simplifying the RAN1 design, the relaxed eNB-RN synchronization can be applied when the cell radius is larger than a threshold. In our previous work [4], the similar viewpoint is proposed for TDD relay. Therefore, the next consideration is that where the threshold X is.

2.1 Analysis on Relay Synchronization
MBSFN/CoMP is the type of specific implements, which requires simultaneous transmission. As mentioned in [4] and [5], both of simultaneous transmission and received power region between a donor eNB and RN should be considered.  For TDD DL Case 1, i.e., air-interface synchronization, the arrival time difference is the propagation delay difference plus a fixed offset. For TDD DL Case 3, i.e. absolute synchronization, the RN DL Uu transmissions are synchronized with the eNB DL transmissions; therefore, the arrival time difference of DL Case 3 is only related with the propagation delay difference. The propagation delay comparisons between DL Case 1 and DL Case 3 are shown in Fig.1.
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Fig.1  Propagation delay comparisons between DL Case 1 and DL Case 3
As shown in Fig.1, T1, T2 and T3 are the propagation delay of eNB-RN link, RN-UE link, eNB-UE link, respectively. Define D is the distance between the eNB and RN (unit: km). As mentioned in [3], the arrival time difference T0 of DL Case 1 can be expressed as
T0=| (T1 + Toffset +T2)–T3|
                                                                                                                                                (1)
where Toffset  is the fixed timing offset which is depended on actual DL synchronization scheme. In this case, according to Eq.(1), the arrival time difference T0 is influenced by T1, which is related with D, i.e.,  T1= D*1000/C, where C is the speed of light in m/sec. 
For DL Case 3, there is T1 + Toffset =0, so the arrival time difference T0 can be simplified as

T0=| T2–T3| 
                                                                                                                                                                     (2)

Although the T1  does not appear in Eq.(2), D affects the performance of T0 too. Notice that if D is very large, T0 can be controlled in the reasonable region unless the UE is deployed in the middle area between the eNB and RN. Otherwise, with the increase of D, T0 becomes large, which may even easily exceed the extended CP, and the performance of MBSFN/CoMP will be deteriorated badly.
Except the impacts caused from D, the transmit power of RN will also affect the received power region. Therefore, both the transmit power of RN and the distance D should be considered to evaluate the performance. 

2.2 Simulation Analysis
2.2.1 Evaluation Criterion
Based on the previous analysis, both of received power region and transmission time difference should be considered for MBSFN/CoMP. For the received power region (labelled as “Condition 1”) requirement, the received power difference from donor eNB and RN is set to be less than 10dB [5]. For the transmission time difference (labelled as “Condition 2”) requirement, T0 should be controlled within a threshold, e.g., an extended CP. 
Assume 
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 is the UE set, in which each UE satisfies Condition 1. Similarly, 
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 is the UE set, in which each UE satisfies Condition 2. Therefore, the evaluation criterions are proposed:

Criterion : The performance of MBSFN/CoMP can be evaluated by 
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[image: image5.wmf]R

 is a ratio which can be expressed as
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where 
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 denotes the number of relay UEs in system. In Eq.(3), 
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 means to obtain the number of elements in set 
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. Note that, with different transmit power of RN, 
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will be changed. With varying distance D, both 
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and 
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 are influenced, and the relations among them can be illustrated as Fig.2.  Therefore, both Condition 1 and Condition 2 are combined effectively according to the definition of 
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Fig.2  The relations among transmit power, D, Ω1 and Ω2
In order to analyze the performances of DL Case 1 and DL Case 3 synchronization schemes with varying distance D and transmit power of RN, the simulation analysis is based on rural scenario in 3GPP TR 36.814, and the simulation parameters are shown in appendix A.
2.2.2 Case 1 Synchronization
Fig.3 shows the performance of 
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 comparisons with the different transmit power of RN of DL Case 1. It can be seen that, when D is less than 1km, the scheme with 30dBm can achieve better performance of 
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. However, when D becomes large, i.e., D≥2km, the scheme with 37dBm can obtain the performance gain of 
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 compared with 30dBm. This trend illustrates that the increased power can enlarge 
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 efficiently when D is large; nevertheless, the 37dBm scheme can only enlarge the RSRP of relay UE when D is small, but 
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 reduces due to the received power constraints. Moreover, the performance gain of 
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 in 37dBm scheme decreases along with the increased D, because the increased power can also increase 
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. Therefore, it can be concluded that: In DL Case 1, the relative small power of RN, e.g., 30dBm, is a better choice for D<2km scenario; for D≥2km scenario, it is better to choose the power of RN a relative large value, e.g., 37dBm.
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Fig.3  The performance of R comparisons in DL Case1 (transmit power of RN=30dBm,37dBm. Toffset=11(s, maximum received power difference=10dB, maximum arrival time difference=extended CP=16.67(s )

2.2.3 Case 3 Synchronization
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Fig.4  The performance of R comparisons in DL Case3 (transmit power of RN=30dBm,37dBm. Maximum received power difference=10dB, maximum arrival time difference=extended CP=16.67(s )
The performances of 
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with the different transmit power of RN of DL Case 3 can be shown in Fig.4. Similar with DL Case 1, when the D is small, i.e., D(2km, the scheme with 30dBm can also yield the better performance in terms of 
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. However, when the D becomes large, i.e., D≥3km, the performance of 
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 under 37dBm scheme can obtain the performance gain compared with 30dBm scheme, which illustrates that the increased power can increase the UE satisfies both Condition 1 and Condition 2 efficiently, i.e., 
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. Therefore, in DL Case 3, the relative small power of RN, e.g., 30dBm, is a better choice for D(2km scenario; the relative large power of RN, e.g., 37dBm, is a better choice for D≥3km scenario.
In order to check the value of X, we make the relaxed synchronization in DL Case 3 with a fixed timing offset, and this analysis aims to obtain the result where the relaxed synchronization can be used. We consider several relaxed options, the relaxed option 1 is with Toffset1 =10(s, which is a benchmark requirement of absolute synchronization. The relaxed option 4 is with Toffset4 =17(s, where the relay switching time should be chosen less than this threshold [1]. And the other options are choose the offset within [10, 17] (s. Fig. 5 and Fig. 6 show the comparisons of absolute (labelled as “strict”) synchronization scheme and different relaxed synchronization (labelled as “relax”) schemes in terms of 
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 performance under different power schemes. It can be seen that, when the cell radius is small, the absolute synchronization can yield the best 
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 performance compared with the other relaxed options. However, with the cell radius increases, 
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 is changed, and the relaxed synchronization the performance of 
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 has achieved the obvious gain compared with the absolute synchronization. It illustrates that with the relaxed condition, 
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 can be enlarged efficient-

[image: image34.png]Case 3, 30 dBm

03

025

02

Evaluation Criterion: R

015 -

04

0.05---

T T

8 10
RN eNB distance{km)

I strict

[ relax 10
[ relax 12
relax 14
relax 17

kil

B S @ R > Drosn

@ autongwei k... [T 10,111 64.1.., 3] Microsoft Ex... | ] 5L peos,

AT Ty D—

2] HiroseftPo

|





Fig.5  The performance of R comparisons in DL Case3 (transmit power of RN=30dBm. Maximum received power difference=10dB, 
maximum arrival time difference=extended CP=16.67(s. Toffset1 =10(s, Toffset2 =12(s, Toffset3 =14(s, Toffset4 =17(s)
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Fig.6  The performance of R comparisons in DL Case3 (transmit power of RN=37dBm. Maximum received power difference=10dB,
maximum arrival time difference=extended CP=16.67(s. Toffset1 =10(s, Toffset2 =12(s, Toffset3 =14(s, Toffset4 =17(s)

-ly due to the increased probability which satisfies the arrival time difference constraint, and the synchronization requirement may be relaxed when D is relative large. Compared with the different timing offset options, we think that the relaxed option 1 with Toffset1 =10(s belongs to the absolute synchronization region with relaxed condition, and it is the upper bound of performance with Toffset according to the synchronization requirement in relay [1][2]. Moreover, the other relaxed options do not belong to the absolute synchronization anymore due to the large timing offset. According to Fig.5 and Fig.6, when D≥9km, all the relaxed options, namely the option with Toffset2 =12(s,  Toffset3 =14(s, Toffset4 =17(s, obtain the better 
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 performance than the relaxed option 1, which is the acceptable upper bound performance in terms of 
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 for DL Case 3. Therefore, we think that the X set to 15km in [2] is not an adequately reasonable value. According to our simulation results, if it is necessary to find that where the relaxed synchronization can be used, we recommend that the relaxed synchronization is suggested to be applied for the large cell scenario when the cell radius is larger than X, where X is proposed to be chosen as 9km. 
However, based on the existing requirements in 3GPP TS 36.133 for macro eNB, the timing requirements are 3(s and 10(s respectively for different cell radius scenarios. According to Fig.5 and Fig.6, we think that the relaxed option 1 with Toffset1 =10(s can be also used for large cell, which can obtain 95% performance gain in terms of 
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 compared with the “strict synchronization”. Therefore, in order to minimize the changing for the existing specifications, the existing synchronization requirements in 3GPP TS 36.133 can be applied for DL Case 3 in relay system.
Proposal 1: In order to minimize the changing for the existing specifications, the existing synchronization requirements in 3GPP TS 36.133 can be applied for DL Case 3 in relay system.
The performance of 
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 comparisons between DL Case 3 and DL Case 1 are shown in Fig.7 and Fig.8. It can be seen that, when D(2km, the DL Case 3 and DL Case 1 can achieves nearly the same performance in terms of 
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. If D(5km, the absolute synchronization (labelled as “strict”) can achieve the best performance of 
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; however, with the increased 
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Fig.7  The performance of R comparisons between DL Case3 and DL Case1(transmit power of RN=30dBm. Maximum received power difference=10dB, maximum arrival time difference=extended CP=16.67(s. Toffset,case3 =10(s, Toffset1, case1 =5(s, Toffset2, case1 =10(s)
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Fig.8  The performance of R comparisons between DL Case3 and DL Case1(transmit power of RN=37dBm. Maximum received power difference=10dB, maximum arrival time difference=extended CP=16.67(s. Toffset,case3 =10(s, Toffset1, case1 =5(s, Toffset2, case1 =10(s)

D, the performance of DL Case 3 decreases obviously for both “strict” synchronization and DL Case 3 with Toffset,case3 =10(s. Different from DL Case 3, the 
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 performance of DL Case 1 decreases slightly when D increases. Furthermore, for 30dBm scheme, the DL Case 1 with Toffset1, case1 =5(s can achieve better performance than DL Case 3 with Toffset,case3 =10(s when D≥11km, and DL Case 1 with Toffset2, case1 =10(s can yield performance gain compared with relaxed DL Case 3 when D≥14km. For the 37dBm scheme, the similar trend can be obtained. Combined with the transmit OFDM symbols in backhaul link [3], the DL Case 1 can achieve higher efficiency compared with DL Case 3. Thus, we think that both DL Case 1 and DL Case 3 have their advantages and disadvantages, so that it is optional for a relay to support either or both of the alternative two cases according to different demands from operators and companies.

Proposal 2: Both DL Case 1 and DL Case 3 have their own characteristics, thus the synchronization requirements for both DL Case 1 and DL Case 3 should be given.
2.3 Synchronization Requirements
Based on our analysis, the synchronization requirements for relay of DL Case 1 should be
Table 1  Requirement for relay using DL Case 1

	Donor Cell Type
	Cell Radius
	Requirement 

	Any
	Any
	( 17 (s + Tprop


Moreover, the synchronization requirements for relay of DL Case 3 should be

Table 2  Requirement for relay using DL Case 3

	Donor Cell Type
	Cell Radius 
	Requirement 

	Small cell
	( 3 km
	( 3 (s

	Large cell
	>3 km
	( 10 (s


3 Conclusion
Based on the analysis of synchronization requirements of DL Case 1 and DL Case 3 of MBSFN/CoMP, the following proposal can be obtained. 
Proposal 1: In order to minimize the changing for the existing specifications, the existing synchronization requirement in 3GPP TS 36.133 can be applied for DL Case 3 in relay system.
Proposal 2: Both DL Case 1 and DL Case 3 have their own characteristics, thus the synchronization requirements for both DL Case 1 and DL Case 3 should be given.
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9.4
 RRM aspects
9.4.1 Synchronization Requirement

The cell phase synchronization accuracy for relay is defined as the maximum absolute deviation in frame start timing between the relay’s access link DL transmission and its donor cell’s DL transmission. As determined by RAN1, it is optional for a relay to support either of the alternative two cases: DL Case 1 and DL Case 3. The requirements for the two cases are given below. 

In the case of DL Case 1, the transmit frame start timing of the relay’s access downlink is set based on the time at which it receives the backhaul transmission from the donor cell. The minimum requirement on cell phase synchronization accuracy for relay when using DL Case 1 is as follows:

Table 9.4.1-1  Requirement for relay using DL Case 1

	Donor Cell Type
	Cell Radius
	Requirement 

	Any
	Any
	( 17 (s + Tprop


where Tprop is the propagation delay between the relay and its donor cell.

In the case of DL Case 3, the transmit frame start timing of the relay’s access downlink is set to be very close to the transmission of the donor cell. The minimum requirement on cell phase synchronization accuracy for relay when using DL Case 3 is as follows: 

Table 9.4.1-2  Requirement for relay using DL Case 3

	Donor Cell Type
	Cell Radius 
	Requirement 

	Small cell
	( 3 km
	( 3 (s

	Large cell
	>3 km
	( 10 (s


--- <END TEXT PROPOSAL> ---
Appendix A: Simulation Parameters
	Parameter
	Assumption

	Scenario
	2GHz CF, 10MHz BW

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

	ISD
	25km

	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, 37dBm

	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 = PLLOS1  (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
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