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Background
For E-UTRA TDD guard periods between DL and UL periods must be accommodated. These include the roundtrip time and the necessary Tx-Rx and Rx-Tx switching times for both the eNodeB and the UE. According to [1] the guard period at the DL to UL switch 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. Neglecting any additional guard requirements to handle synchronization errors or timing advance errors, the guard period at the UL to DL switch is 



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.  The guard periods are limited to a certain number of symbols, which in turn means limitations on the switch times if a certain maximum cell range is to be supported.
The length of the guards periods are also governed by coexistence requirements with e.g. LCR and HCR TDD, see [2] for some examples of guards between the special fields DwPTS and UpPTS.

It is proposed that the above aspects are covered in the reply to RAN1 (the LS is attached).
Proposed reply 
RAN4 would like to thank RAN1 for the LS and would like to provide the following comments and answers to the questions
1. RAN1 kindly asks RAN4 of its opinion on practical values for the necessary switching times between DL reception and UL transmission (and vice versa) at the UE.

2. RAN1 kindly asks RAN4 of its opinion on practical values for the necessary switching times between UL reception and DL transmission (and vice versa) at the eNodeB.

RAN4 has not yet agreed transmit masks for E-UTRA TDD. There are limits as to what can be achieved from and implementation viewpoint which must be accounted when discussing practical switch-time values. Given the information in the LS it is the understanding of RAN4 that there are also a number of system aspects that put constraints on the extent of the eNodeB and UE switching times. 
From a system viewpoint, RAN4 has considered the following:
1. In order to facilitate co-existence with LCR and HCR TDD the guard period between the special fields DwPTS and UpPTS should be down to one (1) symbol with normal CP. This is also the shortest DL to UL guard that can be provided in non-coexistence scenarios.  This would limit the sum of the TRx-Tx,UE , the DL to UL switching time of the UE,  TTx-Rx,UE , the UL to DL switching time of the UE and the maximum roundtrip time RTT in the cell.

2. From a co-existence standpoint a guard down to 1 symbol must also cover the eNodeB DL to UL switching time TTx-Rx,NB , and some margin must be provided for the propagation delay to avoid possible eNodeB-eNodeB interference (mixed co-channel) in some scenarios 
3. RAN4 is also aware that part of the above guard period will be used to accommodate a UL-DL guard period, which is likely to be governed by the UL to DL switching time of the UE, TTx-Rx,UE . 
4. To support a cell range of 100 km a maximum timing advance of 667 us + TTx-Rx,UE , is needed.
This means that
1. The UE switch times could be bounded by RTT + TRx-Tx,UE + TTx-Rx,UE  <  71 us (normal CP) in the worst case

2. TTx-Rx,NB  must be considerably shorter than 1 symbol to accommodate a propagation delay and the UL-DL guard 

Item 4 above means that TRx-Tx,UE + TTx-Rx,UE  <  114 us and 80 us if a maximum guard of 11 (normal CP) and 9 (extended CP) symbols are assumed, respectively. Hence, slightly more relaxed than the other two conditions above.
From an implementation perspective, RAN4 would like to note that a UE transmission to reception time TTx-Rx,UE of 20 us would be feasible. The UE transmission to reception time should be around 40 us, which is also consistent with the leading edge of the TDD transmit masks in TS 25.102 and within the same range as the GSM ramp-up time specified in TS 45.005. Shorter times could be more challenging and could imply that harmful spectral transients appear.
These practical UE switching times would still allow a guard down to one symbol with normal CP for efficient coexistence: a maximum range of 1.5 km (around 10 us roundtrip) would be accommodated. This should be sufficient in many scenarios (e.g. in urban or sub-urban areas) since E-UTRA should be optimized for shorter ranges: according to TS 25.913
“E-UTRA should support the following deployment scenarios in terms of maximum cell range:

-
up to 5 km: performance targets defined in clause 7.1 [user throughput], 7.2 [spectrum efficiency], and 7.3 [mobility] should be met.

-
up to 30 km: slight degradations in the achieved performance for the targets defined in clause 7.1 and more significant degradation for the targets defined in the clause 7.2 is acceptable however mobility performance targets defined in clause 7.3 should be met.

-
up to 100 km: should not be precluded by the specifications.“

To avoid eNodeB-eNodeB interference whilst still allowing a 71 us guard, a time period of TTx-Rx,NB + Tsync + Tprop  , with Tsync the eNodeB synchronization error (3 us) and Tprop  the propagation delay, must be accommodated before the start of the UL slot. The latter is time advanced by TTx-Rx,UE . In order to deal with potential interfering co-channel base stations up to 10 km (33 us) away under near line-of-sight conditions, say, it follows that TTx-Rx,NB should be less than 15 us (at even larger distances a larger guard period must be allocated). A switch time of 15us is also feasible from an implementation aspect; it is close to the corresponding numbers for UTRA TDD as specified in TS 25.105.
For the eNodeB a TRx-Tx,NB can be made shorter than 20 us, but this is arguably not necessary if the TTx-Rx,UE  is 20 us.

To sum up, RAN4 would like to provide the following answer

1. practical values for the necessary switching times between DL reception and UL transmission (and vice versa) at the UE.

for the UE 40 us is reasonable, 20 us for the UL to DL switching time, whilst also considering the constraints posed by the guard period

2. practical values for the necessary switching times between UL reception and DL transmission (and vice versa) at the eNodeB.
for the eNodeB, less than 20 us is feasible (down to 10 us) and 15 us for the DL to UL switching time. 
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1. Overall Description:
RAN1 is currently in the process of defining guard periods, maximum timing advance and random access preamble transmission timing for LTE TDD operation.  When defining the RACH, the maximum timing advance and also the maximum guard period, all related to the supported cell range, RAN1 needs to consider the switch time required for the UE and eNodeB to switch from UL to DL and vice versa. RAN1 would welcome input from RAN4 on practical values for these switching times.

2. Actions:

To RAN4.

ACTION:
3. RAN1 kindly asks RAN4 of its opinion on practical values for the necessary switching times between DL reception and UL transmission (and vice versa) at the UE.

4. RAN1 kindly asks RAN4 of its opinion on practical values for the necessary switching times between UL reception and DL transmission (and vice versa) at the eNodeB.
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