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1. Introduction 

A requirement on E-UTRA is that cell ranges up to 100km should not be precluded by the specifications ‎[1]. At RAN1 #51 it was concluded that the maximum timing advance is 0.67ms ‎[2]

 REF _Ref187079355 \r \h 
‎[3]. This is also the range of the timing adjustment for the first scheduled UL transmission on UL-SCH ‎[4]. Further, it was noted that this requires 11 bits with resolution of 0.52usec. However, this primarily applies for FDD and for TDD, a slightly larger maximum timing advance is needed if a cell range of 100km should not be precluded by the specification. 

2. Guard periods and LTE TDD

2.1. Guard periods

TDD operation uses guard periods between UL and DL periods. With guard periods interference between UL and DL in the presence of propagation delays and timing advance as well as synchronization errors can be avoided. The guard periods also allow the UE and eNodeB HW to switch between reception and transmission.

At the switch from DL to UL, a guard period of size corresponding to the roundtrip propagation delay is needed 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 may be chosen as



TDU= max( RTT+TUE,Rx-Tx, TeNodeB,Tx-Rx ) ~ RTT+TUE,Rx-Tx
where RTT is the maximum round trip propagating delay in the cell and  TUE,Rx-Tx  is the time it takes for a UE to switch from DL reception to UL transmission. Note that the eNodeB also needs to switch from DL transmission to UL transmission, but this time, TeNodeB,Tx-Rx  is assumed to be small in relation to the maximum roundtrip propagation delay plus the UE switch time. Further, the guard period may be chosen larger to avoid eNodeB-to-eNodeB interference.

Similarly, a guard period is 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. In this case, the toughest requirement is imposed by the UE being close to the base station with a zero propagation delay. The guard period at the UL to DL switch is then, neglecting any additional guard requirements to handle synchronization errors or timing advance errors



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.  Here, the UE switch time may impose the longest guard time.

To summarize, between UL and DL, guard periods are used as shown in Figure 1.
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Figure 1 Guard periods are used between UL and DL periods. There is one guard period at the switch from DL to UL, TDU, and one guard period at the switch from UL to DL, TUD.
2.2. Guard periods in LTE TDD

An idle guard period, GP, can be created at the switch from DL to UL between the special fields DwPTS and UpPTS. To create a guard period at the switch from UL to DL, the ordinary timing advance mechanism is to be used. This means that a UE at the eNodeB with zero roundtrip propagation delay is commanded to use a non-zero timing advance TUD. Further, by shifting all the uplink transmission to start earlier, it follows that the guard period at the switch from UL to DL TUD will decrease the guard period at the switch from DL to UL, meaning that 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
This is illustrated in Figure 2. 
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Figure 2 The guard period at the switch from UL to DL created with an offset to the timing advance. The figure shows the timing at the eNodeB.

To support cell ranges up to 100km, a maximum timing advance of 667us+ TUD is needed.  The additional guard period in turn depends on the eNodeB and (more likely) the UE time to switch from UL to DL. Note that we expect the 11bits with 0.52us resolution as proposed in ‎[4] for initial timing adjustment to be sufficient still.

3. Conclusion

To not preclude the support of cell ranges up to 100km, we propose 

· That the maximum timing advance equals 667us plus the guard time required to allow UE and eNodeB to switch from UL to DL

RAN4 has already been consulted on the required guard times ‎[5] , and actual number may then be incorporated into the specifications  based on the response.
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