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1. Introduction
In TSG RAN#46 meeting, RAN discussed the issues of synchronization using Network listening in [1], especially additional signalling support for multi-hop scenario, e.g. stratum info and synchronization status. After discussion of the situation, RAN would like to suggest RAN4 to further investigate TDD HeNB synchronization without additional signalling, and RAN3 to consider the possibility to add the backhaul signalling required for TDD eNB synchronization, possibly including the stratum level and synchronization status of a TDD Home eNodeB in Rel9 [2].
The following sections will give considerations accordingly firstly checking whether RAN4 typical scenario has already fulfilled by current mechanisms [3][4] on RAN4 discussion and secondly checking whether further mechanism without additional signalling is possible and whether RAN3 addition effort on providing backhaul signalling is necessary.    
2. Findings on RAN4 Typical HeNB Deployment Scenario 
The synchronization mechanisms discussed on Rel9 WI HeNB-RF_TDD is target for LTE-TDD HeNB synchronization accuracy requirement value to ensure TDD system operated normally. Especially Macro cell should not be interfered by asynchronous HeNBs. Currently the discussed two mechanisms based on network listening are both able to meet the synchronization accuracy requirement. 

While there also have long time discussion on single-hop and multi-hop scenarios in RAN4. For single-hop scenario, HeNB derive its timing from a Macro cell eNB or HeNB with GNSS; and in multi-hop scenario, it is assumed HeNB may not able to directly access signals from the primary synchronization source, and has to synchronize via other synchronized HeNB(s) to derive its timing. In [5], an analysis disclosed that in most HeNB deployment scenarios, HeNB can be located under Macro cell coverage. For extreme purely stand-alone case, HeNB can also working well without synchronization to GNSS. Additionally, if HeNB mounted with GNSS receiver is deployed in suitable place, the need for multi-hop synchronization is reduced as well.            

Macro cell SINR distribution curves is derived by simulation and show some hints that the received signals at indoor HeNBs are good enough even with the present of the interference from surrounding neighbour HeNBs. Simulation are conducted according to RAN4 agreed simulation assumption for dense urban deployment model in [6],which is the most widely used case in RAN4 simulation and discussion. Detailed parameters are listed in the following table. And for those not mentioned, the configuration is referring to [6]. 
Table 2-1: Simulation Parameters 

	Parameter
	Assumption

	Macro cell Scenario
	3GPP Case 1

	HeNB Deployment modelling
	Dense HeNB Deployment with Dual Stripe Model:
M=1; One dual stripe structure placed randomly in each WA cell; The structure is also rotated by semi-random angle (semi because rotation angle is discrete)

L = 6; 6 floors in each building presented

R (deployment ratio) = 0.2; thus in each floor of one of the buildings there are 4 HeNBs, and totally 4*6*2 HeNBs pre cell.
And P (activities ratio) = 100%; considering signaling PSS/SSS typically will be on continuously  
HeNB are located randomly within randomly selected rooms

	Bandwidth
	10MHz, co-channel for HeNBs with Macro eNB

	Channel model
	Base on Table 7 of [6]; LA shadowing is temporarily not enabled, WA shadowing on

	Penetration loss


	External wall loss: 10dB;
Internal wall loss: 5dB

	eNB Tx Power 
	46dBm

	HeNB Tx power


	20 dBm (no power control) 
or simple power control in the range of 0-20 dBm, Simple smart Power Control scheme: refer to [7]



[image: image1.png]cdf

0.9

08

0.7

0.6

o
o

04

03

0.2

0.1

SINR to best macro cell at HeNB, HeNB off

0 5

SINR [dB]

10

15

20



   [image: image2.png]cdf

0.9

08

0.7

0.6

04

03

0.2

0.1

SINR to best macro cell at HeNB, HeNB on

—no power control

——PC, 1,60
—PC, 11,55

S

%

5281

0319

/

%5074
;008985

%

L
5229 1

Y:0016s

-20

-10

SINR [dB]

0

10

20




Fig. 2.1 SINR at HeNB to overlay macro cell with other HeNB not transmitting

Fig. 2.2 SINR at HeNB to overlay macro cell with other HeNB also transmitting

In Fig. 2.2, with DL PC enabling, SINR degradation from HeNB interference is greatly minimized. With suitable PC scheme, only less than 1.65% HeNBs will experience low SINR between -10dB to -5dB, while signal for other HeNB are quite good for tracing Macro cell. If consider higher deployment ratio, the outage HeNBs number will increase accordingly. While we assumed the simulated configuration is already a quite stringent case with 6 floors and 100% activity ratio. 
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Fig. 2.3 SINR at HeNB to best cell (no matter if WA or other HeNB)

Fig. 2.4 SINR at HeNB to best cell (no matter if Macro cell or other HeNB)
Comparing Fig. 2.2 and 2.3, it can be concluded in Fig. 2.4 that with PC, SINR to best cell and SINR to best Macro cell cases are almost in the same curve. That means with appropriate PC, most possibly Macro cell will provide best signal to HeNBs, and only 4.3% HeNBs select another HeNB rather than Macro cell for its best cell. While without PC, almost 44.1% HeNB’s best cell is its neighbor HeNB. 

Then it can be concluded that with simple smart PC scheme, the interference from HeNB can be mitigated, that greatly ensure the robust of network listening synchronization mechanism to listen to Macro cell signals. And Macro cell with most possibility will be selected as best cell for HeNB.

Conclusion: Single-hop synchronization is the typical scenario for HeNB synchronization by network listening, thus single hop synchronization solution should be focused.

3. Future Consideration on Conveying Stratum Relevant Info. for Multi-hop Synchronization
In last section, we interpreted the typical scenario for HeNB synchronization by network listening, and simulation results show that HeNB are usually under coverage of Macro cell. More over, with simple smart Power Control scheme, the best cell signal around HeNB is always coming from Macro cell instead of any neighbour HeNBs even under living interference.

In some stringent case where no Macro cell signal at all and thus multi-hop synchronization is assumed, (still exists the case that HeNB may work stand alone very well), synchronization relevant hierarchy configuration are required to distributed to all HeNBs, and specifically utilize the configuration, HeNB should aware its neighbours synchronization hierarchy (stratum info), and then correspondently decide its own stratum number. Also, HeNB need to let others know its own synchronization status including stratum info. 
One solution for conveying the information listed above is to add new MIB/SIB signalling as mentioned in [8], that will impact HeNB design and may require higher capability for HeNB on reading more channel of Macro cell, besides of that, even considering backhaul signalling as mentioned in [2], extra signalling is to be added which incurred extra network overhead. Then mechanism which could avoid extra signalling is required by RAN#46 [2] to be reconsidered. And a blind detection mechanism is proposed for discussion here which fulfils the convey requirement without signalling.

[image: image5]
Fig. 3.1 Explanation for blind detection on stratum info and synchronization status
For blind detection, all HeNBs should well know the mapping relationship of each stratum and its muting slot. One mapping example is illustrated on Fig 3.1, that HeNB stratum 1 will trace CRS in SF#2 of RF#1, HeNB stratum 2 will trace CRS of stratum 1 in SF#2 of RF#2, also mute to avoiding interference to HeNB of stratum 1; similar ruling is taken to the following strata. 
HeNB will do blind detection for the existence of CRS on these muting slots (normally on booting stage) and contrast the mapping table to recognize the strata of its surrounding base stations, and basing some strategy to decide its synchronization source, thus also decide its own stratum and muting place. 

On normal working, HeNB execute network listening on its specific muting place according stratum. Then that is also indicating its stratum and synchronization info for its new booted neighbour.
From Fig. 2.3 it can be observed that HeNB can 100% get SINR of higher than -5dB from its best cell, no matter Macro cell or HeNB, even without PC when all the neighbor HeNBs are transmitting. Then it is quite possible for HeNB to perform a robust blind detection.   
Conclusion 2: Even for multi-hop synchronization which assumed as rare case, solution is also existed to convey stratum relevant information thus avoid additional effort of RAN2 and RAN3 on specify any extra signaling.
4. Conclusion
The contribution analyzed typical HeNB deployment scenario for synchronization mechanism robustness, and observed that with simple smart DL PC, SINR degradation from HeNB interference is minimized. More of that, Macro cell in most possibility will be selected as best cell for HeNB. Together with use case analysis in [5], thus a conclusion was made that multi-hop synchronization is comparable a seldom case, and single hope synchronization case should be focused on. Also further consideration is illustrated for multi-hop synchronization, that blind detection for stratum information and synchronization status is a candidate solution which avoids additional effort of RAN2 and RAN3 on specify any extra signaling.   
Conclusion 1: Single-hop synchronization is the typical scenario for HeNB synchronization by network listening, thus single hop synchronization solution should be focused. 
Conclusion 2: Even for multi-hop synchronization which assumed as rare case, solution is also existed to convey stratum relevant information thus avoid additional effort of RAN2 and RAN3 on specify any extra signaling. 
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