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1   Introduction
E-UTRA cell synchronization error requirement was discussed in last RAN4 meeting based on document [1]. In that document the cell synchronization accuracy requirement is proposed to be the same as that of UTRA TDD [2], that is, the frame start times between any pair of cells on the same frequency that have overlapping coverage areas should be within 3us. But discussions in last meeting show that some analysis is needed before we come to a final change proposal for the RRM spec. 
This document gives analysis on the cell synchronization accuracy for E-UTRA.
2
Analysis
2.1 Aspects related to Cell synchronization
In UTRA several aspects are considered to be related to cell synchronization error for TDD, including handover, BS-BS interference, UE-UE interference etc. 
Handover with timing advance
In UTRA, a UE measures the time difference between the current cell and the target cell based on the timing of the current cell. The new time advance in the target cell is calculated as the sum of the old timing advance and twice the difference in frame timing as received by the UE. As a result, the synchronization error is doubled in the initial timing advance calculation. Too large synchronization error will impact the performance of handover. For LTE UE handover, there is always a random access procedure when UE switches its connection to the target cell. The timing advance is a fixed value according to the random access burst design. So this aspect is no longer relevant to E-UTRA cell synchronization accuracy requirement.
Interference
In UTRA one prime purpose for introducing the cell synchronization accuracy requirement was to avoiding interference in TDD systems [3]. Interference exists when downlink and uplink timeslots overlap because of non-ideal slot assignment or by time slots shifted in time due to timing error and propagation delays. Inter cell interferences includes the interference cases of BS to BS, UE to UE, BS to UE and UE to BS. Usually there is no problem for the latter two kinds of interferences since they are normal interference case even for the synchronized system. On the contrary, the first two kinds of interference are the major interference for TDD and are usually troublesome. Synchronization can eliminate the major source of interference by coordinating the frame timing. For E-UTRA TDD, synchronization is also needed for interference mitigation.
2.2 E-UTRA TDD Cell synchronization accuracy 
This section gives analysis on cell synchronization accuracy requirement from interference point of view. Considering that the limiting case is BS to BS and UE to UE interference at UL/DL or DL/UL switching point, the analysis only gives limitation from these aspects on cell synchronization accuracy. 
2.2.1 Downlink to Uplink switching point
Figure 1 gives a diagram of DL/UL switching point for two BSs that have a timing error of Terror. Here the GP is assumed as 1 OFDM symbol (~71us).

Figure 1 BS synchronization diagram

BS-BS interference 
The PRACH signal receiving of BS1 may be interfered in some cases due to additional delay of BS2 DwPTS by Terror. According to the RAN1 spec [4], the UE will start transmit PRACH at 5158Ts prior to the end of the UpPTS at UE which means the PRACH will occupy about 25us (5158-4384Ts) of the GP time. In order not to cause degradation of BS1 PRACH receiving, Terror is determined by
                                                            Terror<GP-25 -TBS, TX-RX -Tprop                                                               (1)
Where, TBS, TX-RX is the BS power ramping down time, Tprop is the propagation delay from BS2 to BS1. 
For co-located base station, Tprop=0.
Terror<GP-25 -TBS, TX-RX                                                                       (2)
UE-UE interference

The time of UE1 starting to transmit PRACH should not be earlier than UE2 receiving DwPTS from BS2. Otherwise cross interference occurs between UE1 and UE2. In this case the timing synchronization accuracy is determined by
                                                              Terror<GP-25-TUE, RX-TX-(Tprop2-Tprop1)                                                  (3)

Where, Tprop1 is the propagation delay from BS1 to UE1 (connected to BS1), Tprop2 is the propagation delay from BS2 to UE2 (connected to UE2), TUE,  RX-TX is the time for UE power ramping up.
2.2.2 Uplink to Downlink switching point
Figure 2 gives a diagram of UL/DL switching point for two BSs that have a timing error of Terror. The TA_offset for BS/UE power ramping up/down is [20us] in RAN1 spec [4].


Figure 1 BS synchronization diagram

BS-BS interference
In this case, the starting time of BS1 power ramping should not be earlier than the end of BS2 receiving UL subframe. Due to propagation delay, the co-located case is the dominating one compared to co-existence case for synchronization error which determined by
Terror<TAoffset-TBS, RX-TX                                                                  (4)
Where, TAoffset is the time created by additional timing advance that is used for UL/DL switching, TBS, RX-TX is the BS ramping up time.
UE-UE interference

For relatively large cell radius, due to UE transmit timing advance in UL subframe and UE receiving delay in DL subframe due to propagation delay, the timing error requirement between BSs can be relaxed. But for small cell range, it will be the limiting case, where the timing error is determined by

                                                           Terror <TAoffset+Tprop1+Tprop2-TUE, TX-RX                                                      (5)

Where, Tprop1 is the propagation delay between BS1 and UE1 (connected to BS1), Tprop2 is the propagation delay between BS2 and UE2 (connected to BS2), TUE, TX-RX is the UE ramping down time.
It is seen that the BS synchronization error is limited by case (1)-(5) . Since for TDD the UL/DL and DL/UL switching needs guard time which is accounted for by the GP, the BS synchronization error is related to several parameters, such as BS/UE ramping time, cell radius (propagation delay) TAoffset and compromise should be made between these parameters.
Table 1 gives some typical values for the TAoffset and BS/UE switch time based on the current RAN1/RAN4 specs and latest discussions in RAN4.
Table 1 parameter assumption for Terror calculation
	
	TAoffset
	TBS, TX-RX
	TBS, RX-TX
	TUE, TX-RX
	TUE, RX-TX

	Set 1
	20[4]
	17[5]
	17[5]
	15~20[6]
	20[6]


Then synchronization error in case (1)-(5) is determined by the following formula respectively.
Terror<GP-25 -TBS, TX-RX -Tprop    
=GP-25-17- Tprop =GP-42- Tprop                                                                                      (1)
Terror<GP-25 -TBS, TX-RX  
=GP-25-17=GP-42                                                                                                         (2)

Terror<GP-25-TUE, RX-TX-(Tprop2-Tprop1)  
=GP-25-20-(Tprop2-Tprop1) =GP-45-(Tprop2-Tprop1)                                                           (3)

Terror<TAoffset-TBS, RX-TX                          

=20-17=3us                                                                                                                    (4)

Terror <TAoffset+Tprop1+Tprop2-TUE, TX-RX        
=20+Tprop1+Tprop2-(15~20) = (0~5us) +Tprop1+Tprop2                                                        (5)
Case (1)
For GP=71us (1OFDM symbol), a maximum of 1.5km cell radius is realistic. Then Terror should be limited with 28us in order to avoid inter site interference due to propagation delay. For longer GP configuration, Terror should be kept as small as possible since large synchronization error will impact the cell coverage.
Case (2)

Terror is only affected by the GP configuration. 

Case (3)

Terror is affected by the difference between two cells. The larger the difference in cell coverage between 2 cells is, the tighter the synchronization becomes. Assuming cell 2 radius 7km, cell 1 radius 300m, then Terror should be in the order of 3us. Terror will becomes tighter with the increase of cell radius. But it should be noted that for larger cell coverage, the GP configuration may also change, the negative impact of Terror is not so dominating compared to that in the cases of small cell coverage and Co-located BSs. 
Case (4)
Cell synchronization should be within 3us according to the current value in RAN1/4 spec.

Case (5)

Terror will become very strict for small cells. Assuming cell 1 and cell 2 radius are both 300m, then Terror should be within 2~7us depending on UE ramping down time. 
3 Conclusion
It is seen that cell synchronization error requirement should be compromised between cell coverage, system performance and BS/UE switching time etc. Based on the above analysis, it is proposed that 

· 3us accuracy should be defined for small coverage cell
· 3us accuracy should be defined for all co-located BS what ever the cell coverage is.

· For especially large coverage cell, some relaxation may be need but need further consideration.
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