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1. Introduction
In [6], RAN4 was asked to investigate the possibility of further mechanism without additional signalling for TDD Home eNodeB synchronization. In this contribution, we demonstrate the necessity of synchronization signaling. 
We also provide counter-arguments to [1] in the appendix. Note that the appendix is copied from an identical RAN3 contribution [5]. 
2. Discussion 
Figure 1 shows a scenario in which HeNB1 is synchronized to GPS and HeNB2 is free running because it is unable to acquire any synchronization. Based on the agreed requirement in [7] “In terms of the network listening synchronization source selection, the best accurate synchronization source to GNSS should be selected,” a new HeNB3 that is powered on should select HeNB1 for synchronization. This is only possible if HeNB1 and HeNB2 advertise their “sync status” bit. Therefore signaling of synchronization status is necessary.   
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Figure 1 Necessity of Synchronization Status Signaling
Figure 2 shows a scenario in which HeNB1is a stratum-0 node (synchronized to GNSS) while HeNB2 is a stratum-1 node that derives its synchronization from a macro on a different carrier. (Note that the macro need not even be TD-LTE; it could be TD-LTE, TD-SCDMA, CDMA2000 or any other synchronous system.) In such a case, HeNB2 does not use either the guard period scheme or the MBSFN scheme, and hence HeNB3 can’t differentiate the strata of HeNB1 and HeNB2. Therefore signaling of synchronization stratum is necessary.     
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Figure 2 Necessity of Synchronization Stratum Signaling

3. Text Proposal for 36.922 

--- Begin Text Proposal ---
6.5.X.1.5 Synchronization Signaling Support
Figure 1 shows a scenario in which HeNB1 is synchronized to GPS and HeNB2 is free running because it is unable to acquire any synchronization. Based on the requirement “In terms of the network listening synchronization source selection, the best accurate synchronization source to GNSS should be selected,” a new HeNB3 that is powered on should select HeNB1 for synchronization. This is only possible if HeNB1 and HeNB2 advertise their “sync status” bit. Therefore signaling of synchronization status is necessary.   
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Figure 1 Necessity of Synchronization Status Signaling

Figure 2 shows a scenario in which HeNB1is a stratum-0 node (synchronized to GNSS) while HeNB2 is a stratum-1 node that derives its synchronization from a macro on a different carrier. (Note that the macro need not even be TD-LTE; it could be TD-LTE, TD-SCDMA, CDMA2000 or any other synchronous system.) In such a case, HeNB2 does not use either the guard period scheme or the MBSFN scheme, and hence HeNB3 can’t differentiate the strata of HeNB1 and HeNB2. Therefore signaling of synchronization stratum is necessary.     
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Figure 2 Necessity of Synchronization Stratum Signaling

6.5.X.1.5 Scheme Comparison
A brief comparison of the proposed schemes is shown in Table 6.5.X.1.4.


Table 6.5.X.1.4: Comparisons for different network listening schemes
	Network Listening schemes
	Scheme 1
	Scheme 2

	Principle of the scheme
	Use MBSFN subframes for tracking CRS of donor (H)eNB
	Use DwPTS for tracking CRS of donor (H)eNB

	Performance

(e.g. synchronization accuracy, speed, etc)
	Meets requirements
Provides flexible overhead-tracking periodicity tradeoff
	Meets requirements
CRS tracing can be done every Radio Frame, which ensure robust synchronization

	HeNB Overhead

(e.g. OFDM symbols per [320ms])
	0.3% for stratum-1 nodes when using the lowest periodicity of only 1 MBSFN for tracking per 320ms
	Maximum 12.86% with 2 switch point per RF

Minimum 1.43% with 1 switch point per RF

	Number of multi-hops supported
	4

	1, up to 2 with some cases of special SF configuration (e.g. Normal CP SSF Conf.4( Conf. 2 (Conf. 5)

	Compatibility and impacts on current network
	Fully backward compatible
	Fully backward compatible

	Impacts on specifications
	Backhaul signaling of  synchronization status and  stratum  
	Backhaul signaling of  synchronization status and  stratum 

	Others
	Could be used by a HeNB capable of either FDD or TDD mode
	Could be used by a HeNB capable of TDD mode 


--- End Text Proposal ---
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Appendix

A.1 Typical HeNB Deployment Scenarios 
In section 2 of [1], there was a discussion on the most typical HeNB deployment scenarios. In particular, a simulation based on the 3GPP Case 1 secenario was used to show that single hop synchronization is sufficient. There are several concerns regarding this simulation setup

(1) In the absence of interfering HeNBs, the macro SINRs in this particular simulation are greater than -5dB i.e., the HeNB is under good macro coverage. This is not necessarily the typical use case for HeNBs which are very often used to fill coverage holes. 

(2) In the presence of interfering HeNBs, it is suggested to use DL power control to ensure that the HeNB can see the macro cells.
a. There is no requirement in RAN4 or elsewhere to do DL power control. In particular, it is a poor choice for open or hybrid HeNBs as it reduces their coverage (ideally the coverage of these HeNBs should be maximized to offload traffic from the macro).

b. Even assuming the proprietary DL power control shown in [1], it is agreed that around 5% of the HeNBs can’t see the macro. While it is not mentioned explicitly in [1], it seems that such HeNBs would have to derive their sync from a neighboring HeNB i.e., do multihop synchronization.     

Thus the scenario in [1] is just one potential case of HeNB synchronization. Several other important scenarios were listed by including TDD operators [2]. We’d also like to bring attention to one statement in [1]:  

“For extreme purely stand-alone case, HeNB can also working well without synchronization to GNSS.”
Based on this statement alone, it is apparent that at least the synchronization status bit should be signaled to indicate whether a HeNB is synchronized to a GNSS-derived source, or is free-running.   
A. 2. Blind Detection 
In section 2 of [1], there was a discussion that even if multi-hop is needed, “blind detection” can be used to detect the stratum based on the slots on which different strata HeNBs mute their transmissions. There are several assumptions being made here

(1) This assumes a certain procedure known as coordinated silence [4] where all HeNBs use slots that are a function of the stratum level. While RAN4 has discussed coordinated silence as a valuable technique for interference mitigation, there is no specification that ensures that this technique shall be supported. 

(2) Even if coordinated silence is supported, the only scenario discussed in [1] is when all HeNBs eventually derive their sync eventually from a macro source. Other scenarios are not considered, and the arguments in Section 1 apply.      

A. 3. Conclusion  
For our conclusion, we refer to a quote from [3] (a RAN1 document from the authors of [1]) 
“Another promising use-case for inter eNB OTAC is related to over-the-air synchronization of eNBs. Especially for local area indoor environments with no GPS access, additional mechanisms are required to ensure eNB synchronization / coordination. In order to illustrate the latter, let us consider the following simple example in Figure 1. In this example, a cluster of eNBs are synchronized with each other, while another eNB (eNB2 in Figure 1) is having a different synchronization, as it does not belong to the other cluster. Hence, eNB2 is “free running”. Now a new eNB (denoted eNB3) is switched on, and eNB3 can “hear” both the eNB2 and eNB1 having different synchronization references. For such cases, it would be useful to have OTAC messages assisting to resolve such situations. For the particular example in Figure 1, it would be beneficial for eNB3 to know that eNB1 is synchronized with a larger cluster of other eNBs while the sync reference for eNB2 can more easily be modified. Other cases where some eNBs are synchronized via GPS, while others are autonomously synchronized to other eNBs not having GPS access, could also benefit from inter eNB OTAC. Similarly, inter eNB OTAC could also be beneficial in distributed autonomous schemes for optimal selection of UL/DL switching point configuration for TDD. Details for such an approach are FFS.”
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Figure 3 Example of situation where OTAC could be beneficial in facilitating synchronization. 
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