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1. Introduction

Synchronization is an important and complicated issue for TDD Home eNodeB (HeNB). According to the analysis presented in previous meetings [1],[2],[3],[4] the inter-cell interference of eNB (HeNB) to eNB (HeNB) and UE to UE are related to the cell synchronization. In last RAN4 meeting, a synchronization requirement giving an upper bound for the absolute synchronization error for propagation distance smaller than 500 meter was agreed [5]
This contribution will focus on analyzing the synchronization requirement for propagation distance larger than 500m scenarios. 

In the following we analyse the limiting factors for achieving accurate synchronization assuming a network listening based open-loop synchronization mechanism. Here we show:
1) The absolute synchronization accuracy (synchronization requirement) which can be achieved with open loop synchronization schemes is limited by the propagation delay between Macro eNB and HeNB.
2) Once special sub frame in the HeNB is configured with shortened DwPTS for network listening synchronization, or Macro eNB GP is configured according to the propagation delay between Macro eNB and HeNB, the system does not experience interference jamming (UE-UE) even if the absolute synchronization error is of same order as the propagation delay.
After this discussion a suggestion is provided on the FFS value for larger propagation distance case, together with further consideration on the synchronization requirement.
2. Discussion
Open loop network listening synchronization schemes were discussed in RAN4, showing promising scheme. There was many contributions to analyze TDD synchronization requirements [6],[7]. The most critical scenario is UE to UE interference around UL to DL and DL to UL switching points.
The synchronization requirement for a HeNB is defined as the difference in radio frame start timing, measured at the transmit antenna connectors, between the HeNB and any other HeNB or eNB which has overlapping coverage. The synchronization requirement shall be set to 3 us in all cases, except when the HeNB gets its sync when performing network listening off cells with propagation distance greater than 500m. This requirement shall apply independent of the synchronization technique used (GPS, IEEE 1588 v2, Network Listening). And in scenarios where synchronization is obtained via network listening off cells with propagation distance greater than 500m, the requirement is still FFS.
In scenarios of large propagation distance the most critical interference scenarios are when a MUE and a HUE mutually interferes in the following scenarios

1) MUE transmission interferes to HUE reception

2) HUE transmission interferes to the MUE reception

To capture the worst case scenario we assume in following analysis that MUE is near with HeNB, so propagation delay from Macro eNB to MUE is roughly similar with that from Macro eNB to Home eNB. This propagation time is referred to as prop1. 
Propagation delay from HeNB to HUE, referred here as prop2, is assumed to be 1us (for 330 m distance, typically HeNBs will cover lower ranges). The propagation delay from MUE to HUE is assumed to be zero because the distance between MUE and HUE should be small in order for the interference to be important.
Generally the timing difference between MeNB and HeNB of Radio-frame transmission start point contains two parts: 
1) Timing error and 
2) Propagation delay from MeNB to HeNB
and can be expressed as T_error + Prop1. Prop1 is a naturally introduced value by open-loop network listening, while T_error  may be the most important part we need to concentrate for system performance, which could be tested in lab environment. In the following we analyse the importance of these two separate components in the the most critical interference scenarios.
2.1 MUE UL Tx to HUE DL Rx interference scenario
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Figure 1: DL to UL switching, MUE interference to HUE

The Figure1 shows the timing of MeNB, MUE, HeNB and HUE. When propagation delay increases, MUE UL timing offset also increases. Moreover DL timing differences between MeNB and HeNB also increases. This decreases the effective DL->UL switching time and if propagation delay is too large, MUE transmission will interfere HUE reception. 
Following is the calculation for the exact position of A and B. Taking the special sub frame (SSF) starting time of MeNB as reference time 0 (omitting the previous DL SF.)
	
	Its BS’s GP starting point
	Time position

	A (MUE start to tx)
	DwPTS_ MeNB
	DwPTS_ MeNB+ GPlengh_MeNB-TAoffset-Prop1-UE_rampup

	B (HUE end of Rx)
	DwPTS_ HeNB+Prop1
	DwPTS_ HeNB+Prop1+ Prop2 +T_error 


To avoid interference, A> B should be kept, that is:
DwPTS_ MeNB+ GPlengh_MeNB-TAoffset-Prop1-UE_rampup > DwPTS_ HeNB+Prop1+ Prop2 +T_error 
And then the Time difference between MeNB and HeNB
T_error + Prop1 < DwPTS_MeNB - DwPTS_HeNB + GP lengh_MeNB - TAoffset - Prop1- UE_rampup - Prop2 

Assuming HeNB and MeNB have similar SSF configuration and GP of 1 OS

T_error + Prop1 < 71-20-Prop1-20-1





  < 30-Prop1

To keep the T_error less than 3us (keep same level with LTE TDD eNB synchronization requirement), it is shown that the prop1 should be limited within 14us, that is for inter-site distance of roughly 4.2km. While LTE require to support macro cell of 10km, then providing larger GP for MeNB or just keeping 1OS GP with shortened DwPTS_HeNB, such as already provided by GP-based network listening, it will show large enough margin for both Prop1 and T_error :


T_error + Prop1 < DwPTS_MeNB-DwPTS_HeNB+ GP lengh_MeNB – TAoffset – Prop1- UE_rampup –Prop2 

Assuming for 1OS’s Shorten DwPTS for HeNB with GP of MeNB remaining unchanged, such as GP based network listening; or 1OS longer GP for MeNB)


T_error + Prop1 < 142-20-Prop1-20-1 

  



  <101-Prop1

Providing prop1 of 10km taking 33us, it is still 68us margin for T_error , although T_error  (general less than 3us) will definitely not to use too much of that.
Consider of Time Advance of HeNB and HUE, which will mentioned in next interference senario, this analysis is still valid because there will be no impact to the position of point A and B.
Based on the above analysis we conclude as follows:

For the interference scenario where MUE UL tx interfere to HUE DL Rx, there is no effective limitation for synchronization error as long as shortened DwPTS of HeNb or adaptive guard period length of MeNB can compensate the MeNB-HeNB propagation delay.
2.2 HUE UL Tx to MUE DL Rx interference scenario
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Figure 2: UL to DL switching, HUE interference to MUE
The figure 2 shows the timing relationship of MeNB, MUE, HeNB and HUE. With propagation delay impact on HeNB timing, HUE’s UL Tx tail (point C) could interfere with MUE’s Rx beginning point (Point D). Following is the calculation for the exact position of C and D. Taking the MeNB UL Rx UpPTS starting point as reference time 0. 
	
	Its BS’s UL Rx starting time
	Its BS DL starting time
	UE UL Tx starting time
	Time position

	C (HUE ramp down ending point)
	0+Prop1+T_error 
	
	0+prop1+T_error -prop2
	0+prop1+T_error -prop2+Tul+UE_rampdown

	D (MUE begain toRx)
	0
	0+ Tul+TAoffset
	
	0+ Tul+TAoffset+Prop1


(note: UL Tx length rarely change basing difference GP configuration, and other UL SFs amount is assumed similar between MeNB and HeNB.)
It is obviously to avoid interference, position C < position D should be kept, that is:
0+Prop1+T_error -Prop2+Tul+UE_rampdown < 0+Tul+TAoffset+Prop1;

Time difference between MeNB and HeNB = Prop1+T_error < TAoffset + Prop1+ Prop2 – UE_rampdown

           < 20+ Prop1+1-20(maximum UE_rampdown value) 

           < Prop1+1
So, the time difference is less than prop1 +1, if assuming Tue_rampdown is maximumly of 20us. Here only extra prop2 (assumed as 1 us) provide the tolerance of T_error , that is very challenging. While as mentioned in [8] and [9], more tolerance could be provided by extra time advance of HUE.
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Figure 3: UL to DL switching, Extra Time advance for HeNB and HUE UL timing
With self-configured extra Time advance, the UL to DL jamming could be compensated, especially the extra Time advance providing more room aiming for T_error . Then this e_TA can be selected independent of cell size. And a small value for this extra time advance is enough for compensate T_error , example as 3us, that will be no big impact to RACH access. 
It is clear that in this condition, the timing difference does not change comparing with case without extra TA, while the jamming is avoid. So with extra TA, we find there is no limitation condition for the time difference. Or in another expression, only limitation to T_error : T_error < 1+e_TA, if there exists limitation to e_TA’s length. Maximumly T_error <30, basing the following analysis on e_TA length. And again it is better keep align with LTE MeNB requirement of 3us for T_error .
And with extra TA for UL timing, there will be no change to DL timing, then no change for the DL-UL jamming analysis, especially no change to position of A and B. Also, extra TA will not tighten BS-BS interference as well. The only limitation for e_TA maximum length is from GP length of HeNB. 

e_TA < GP_HeNB-2*Prop2 – UE rampup - TAoffset 


< 71-2*1-2*20


< 29us
Based on the above analysis we conclude that 
For the interference scenario where HUE UL tx interfere to MUE DL Rx, the MeNB – HeNB propagation delay prop1 does not impact the synchronization error tolerance. Increased error tolerance can to some extent be obtained with additional HUE timing advance.
3. Conclusion
In this contribution we have analyzed the most critical interference scenarios which arise when synchronization is not perfect. From the analysis we make the following conclusions:
There are two main interference scenarios to consider

1) MUE UL tx interfere to HUE DL Rx

2) HUE UL tx interfere to MUE DL Rx
For the interference scenario where MUE UL tx interfere to HUE DL Rx, there is no effective limitation for synchronization error as long as shortened HeNB DwPTS or adaptive MeNB guard period length can compensate MeNB-HeNB propagation delay.
For the interference scenario where HUE UL tx interfere to MUE DL Rx, the MeNB – HeNB propagation delay does not impact the synchronization error tolerance. Increased error tolerance can to some extent be obtained with additional HUE timing advance.
Based on these results we conclude that the synchronization error, introduced due to the propagation delay appearing when using network listening based open loop synchronization mechanism, can be handled without any serious interference problems. Therefore we suggest toallow the propagation delay to be included in the tolerable synchronization error as this will enable the HeNB to use low cost open loop network listening synchronization scheme.
The text proposal is listed below, 
The synchronization requirement for a HeNB is defined as the difference in radio frame start timing, measured at the transmit antenna connectors, between the HeNB and any other HeNB or eNB which has overlapping coverage. The synchronization requirement shall be set to 3 us in all cases, except when the HeNB gets its synchronization when performing network listening off cells with propagation distance greater than 500m. This requirement shall apply independent of the synchronization technique used (GPS, IEEE 1588 v2, Network Listening).  In scenarios where synchronization is obtained via network listening off cells with propagation distance greater than 500m, the synchronization requirement shall be 3 us + eNB to HeNB propagation delay, and considering up to 10km propagation distance, a value of 36us can be referred comprising 33us propagation delay for 10km .
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