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1 Introduction 

According to the E-UTRA cell range requirements stated in TS 25.913 ‎[1], cell ranges up to 100km should not be precluded by the specifications. For FDD, this requirement was fulfilled by the agreement at RAN1 #51 ‎[2] in which the maximum timing advance was agreed to be 0.67msec. Using this maximum timing advance value also for TDD would imply that cell ranges up to 100km cannot be supported in TDD if the timing advance mechanism also shall take the switching time from UL to DL into account.
2 Guard periods and maximum timing advance
TDD operation uses one guard period at the switch from DL to UL, TDU, and one guard period at the switch from UL to DL, TUD. With guard periods, interference between UL and DL in the presence of propagation delays and timing advance errors as well as synchronization errors can be avoided. They also account for the UE and eNodeB hardware switch times between reception and transmission.
For frame structure type 2, an idle period GP has been introduced at the switch from DL to UL between the special fields DwPTS and UpPTS as illustrated in the upper part of Figure 1. As further illustrated in the figure, this idle period has to be selected such that it accounts for the maximum round trip time of the cell, here denoted by TRTT (6.67sec/km), as well as for the guard period TUD needed to switch from UL to DL. The guard period TUD is supposed to be created by using the ordinary timing advance mechanism, TTA, as illustrated in Figure 1. In essence, the idle period GP is shared between the guard period at the switch from DL and UL, TDU, and the guard period at the switch from UL to DL, TUD, 



GP = TDU + TUD
Clearly, in TDD the UL timing adjustment needs to account not only for the round trip time but also for the guard period TUD, implying a non-zero timing advance for UEs also near the base station. To support cell ranges up to 100km, a maximum timing advance of 667 + TUD sec would then be needed. Alternatively, an uplink transmission time offset could be introduced for TDD such that uplink transmission starts TUD sec prior to the subframe timing when the UE receives a zero timing advance command.
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Figure 1 Guard periods for switching from DL to UL transmission and from UL to DL transmission.  The idle period GP accounts for both the guard periods TDU and TUD. 
At the switch from DL to UL, a guard period of size corresponding to the maximum round trip time of the cell is thus needed in order to avoid a timing advanced UE UL transmission to interfere the last part of a UE DL reception. Additionally, to be able to schedule the last DL and first UL subframe to the same UE, the guard period must be further increased to take into account the UE switch time from reception to transmission. The guard period at DL to UL switch, TDU, should then be chosen as



TDU   =  max( TRTT + TUE,Rx-Tx, TeNodeB,Tx-Rx )

where TUE,Rx-Tx  is the time it takes for a UE to switch from DL reception to UL transmission and TeNodeB,Tx-Rx  is the time it takes for eNodeB to switch from  DL transmission to UL reception. Furthermore, this guard period may be chosen larger to avoid eNodeB-to-eNodeB interference. From the RAN4 response on switching times ‎[3], summarized in Table 1, we conclude that the expected guard period TDU is around TRTT + 40sec.
Similarly, a guard period is thus needed at the switch from UL to DL. Even though the guard can be used to account for eNodeB synchronization errors, it must anyway be chosen to allow the UEs to switch from transmission to reception and also to allow the eNodeB to switch from reception to transmission. By neglecting any additional guard requirements to handle synchronization errors or timing advance errors, the guard period at UL to DL switch, TUD, should then be chosen as


TUD= max(TUE,Tx-Rx, TeNodeB,Rx-Tx )

where TUE,Tx-Rx is the time required for the UE to switch from UL transmission to DL reception and TeNodeB,Rx-Tx  is the time required for the eNodeB to switch from UL reception to DL transmission. From Table 1 we conclude that a guard period TUD around 20sec is expected in order to switch from UL to DL.
Table 1 Switching times from DL to UL and from UL to DL for eNodeB and UE ‎[3].
	TeNodeB,Tx-Rx [sec]
	TUE,Rx-Tx [sec]
	TUE,Tx-Rx [sec]
	TeNodeB,Rx-Tx [sec]

	10-15
	10-40
	10-20
	10-20


3 Conclusion

To not preclude the support of cells up to 100km for TDD, either an extended maximum timing advance would be needed with respect to the decided 0.67msec or alternatively introduce a timing advance offset. We propose to introduce a timing advance offset, as in the companion contribution ‎[4], and stay with the agreed maximum timing advance. This timing advance offset shall reflect the time for switching from UL to DL transmission, to be settled by RAN4 but likely around 20sec (approximately 614Ts).
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