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Introduction
The draft skeleton of technical report of NR studies on RF and coexistence aspects has been approved in RAN4#79 in [1]. 
In this contribution, we propose texts on descriptions related to TDD timing budget aspects for TR 38.803.
Text proposal
The following text proposal is related to Section 6.1. 
<<<<< START of TEXT PROPSOAL >>>>>
[bookmark: _Toc452032728][bookmark: _Toc452032723]6.1	Common issues for UE and BS
Editor’s note: Common RF issues for both UE and BS RF requirement feasibility are captured
6.1.X	TDD timing budget aspects
The TDD specifications include requirements on the maximum allowed PA power during the RX periods and also the transition time for the PA to switch off at the start of an RX period and on at the start of a TX period. At the basestation, the requirement must be designed to avoid a situation in which one basestation is continuing or starting to transmit significant power in the downlink and causing interference to a neighbor basestation. At the UE, the requirement must avoid that during downlink periods, a UE transmits significant power and causes interference to nearby UEs that are attempting to receive. Avoiding this interference is achieved by means of ensuring that the ON to OFF and OFF to ON switching time are both incorporated within the guard period between UL and DL (together with other factors such as BS synchronization uncertainty, timing advance error and propagation times between basestations and UEs, which must also be accommodated within the guard period).
For E-UTRA BS, the OFF power is defined to be -89dBm and the transient time 17 μs, whilst for E-UTRA UEs the equivalent requirements are -50dBm and 20 μs.
For mm wave systems, there is a need to dimension the TDD OFF power and time requirements appropriately in the context of the numerology and the waveform. At higher frequencies, increased carrier spacing in comparison with E-UTRA will be needed. Increased carrier spacing implies shorter symbol and slotsub-frame durations, which in turn implies a need to reduce guard periods between UL and DL in order to avoid excessive overhead (in particular for low latency scenarios in which switching will be frequent). Reducing the length of guard periods also reduces the length of time available for the switching transition times. For a subcarrier spacing of 120kHz, for example, the subframe slot duration is 62.5 μs, and thus if the E-UTRA switching time would be directly scaled in line with the 120kHz numerology, the switching time would scale from 17 μs to be around 2.5 μs. Furthermore, for advanced energy saving techniques it may be desirable to be able to activate and deactivate the transmitter between individual symbols, in which case the switching time becomes even more critical.
[bookmark: _GoBack][image: ]
Figure 6.1.x-1 Illustration of subcarrier spacing and symbol length relationship

The switching time has a direct relationship to the maximum cell range and coverage that can be supported by the specifications. Basestations must switch off the PA fast enough to avoid that a still transmitting PA causes UL interference to other basestations, allowing for the fact that the transmitted signal will take time to propagate to those basestations. Thus the PA switching time requirement must be small enough that a significant proportion of the guard period is available to cover the propagation time difference to neighbor basestations that may be interfered with. It is important to note that previous studies have demonstrated that interference may occur not just to immediate neighbor stations, but also towards basestations that are located further away and whose coverage areas do not overlap or border.
They must also ramp up the PA such that a BS does not switch on too early and cause interference to other BS that are still within their UL receive periods. This implies that the ramp up time requirement must be short enough that most of the guard period time is available to take up by the synchronization timing differences between basestations with the PA still switched off, and only a small proportion of the guard time needs to be allowed for the PA ramping up.
The limit set on the supportable maximum inter-site propagation by the basestation DL to UL switching can be calculated as follows (assuming that the propagation loss to the neighbor basestation is not sufficient to mitigate the impact of the still transmitting PA):
TP_ISD   ≤ TDL_UL_eNB –TPA on  off, eNB  - TSYNC
Where
TP_ISD = Propagation time eNB to eNB (LOS)
TSYNC = Synchronization error eNB-eNB 
TPA = eNB/UE turn off/on time requirement of Power Amplifier
TDL_UL_enB  = Time budget within the guard period for DL to UL switch at the node B (earliest time for BS UL)

In other words, the DL to UL transient time budget within the guard period must be sufficiently large to ensure that even at the maximum propagation distance, the switching off has occurred and the maximum synchronisation error allowed for at the point at which a neighbouring basestation starts to receive.


Figure 6.1.x-2 Illustration of BS and UE timing relationships


For UL to DL switching, the guard period must be sufficiently long that any nearby basestation whose PA activates early does not cause interference to a BS still in it’s UL receiving period. The guard period time allocated for this, TA0 is determined as follows and must be long enough to accommodate the shortest envisaged inter-site distance:
TA0 ≥ TPA_off on, eNB +TSYNC -TP_ISD
In other words, the guard period must cover all time at which the PA could be above minimum power but not yet at maximum power and also any synchronization error. However increasing separation between basestations in this case reduces the risk of a BS having risen to a TX power level that can cause disturbance to other UEs before the start of the DL period at their serving basestation.
 (In the above calculations, the cyclic prefix is assumed to be needed for absorbing multipath delay and is not considered as part of the time budget).
For the UE, when switching from TX to RX, the needed time budget is given by:
TUL_DL_UE ≥ TPA on  off, UE + TSYNC +Tp_UE_UE
Note that since UEs TX power is lower than basestation, only UEs close to one another will interfere with one another. Hence the propagation time between UEs that could interfere should in practice be considered to be zero. In other words, the time budget for UE UL to DL switching within the guard period must be sufficient to allow for the PA transient time requirement and any timing difference between the UEs in different cells due to different BS synchronization.
For switching from RX to TX, the earliest time for a UE to start UL transmission to avoid interference towards UE still in DL can be defined as:  
TDL_UL_UE ≥ TSYNC + TPA off  on, UE +TP -TP_UE_UE
As can be seen the maximum BS to UE propagation time Tp will be part of total timing budget.
In all of the above calculations, the allowable BS time synchronisation error features in addition to the switching time. Thus it is possible to trade off timing alignment and synchronization accuracy and a suitable trade-off will need to be investigated for mm wave frequencies and numerologies.  Furthermore, the accuracy of the UL timing advance also influences the time budget allocation in the guard period and the switching time required in the UE and a similar tradeoff between timing advance accuracy and switching time should be considered.
Thus for mm Wave systems, guard period time needs to be low enough that they do not cause significant overhead for numerologies with higher subcarrier spacings and low latency systems, whilst at the same time allowing sufficient time for PA transition whilst not compromising cell range. This implies the need for much faster PA transitions than are currently needed for operating E-UTRA.
In addition to the switching times, the OFF power levels for both the UE and basestation need to be investigated taking into account both the propagation characteristics at mmWave frequencies and the likelihood that during and following the transient, the remaining transmitter power is potentially not beamformed.
The achievable switching time for a TDD system depends on three factors: (i) control loops for the PA, (ii) transient times for the antenna switch and (iii) PA characteristics. The PA control loops are likely to be extremely fast and not contribute significantly to the time budget. The antenna switch time can be 0.1 μs or lower and so is also not significant. Thus the switching time will depend on the PA characteristics. Thus further consideration is needed of PA characteristics in the context of the available time budget for maintaining a reasonable overhead, reasonable coverage and the potential for tightening the BS synchronization and UL timing advance accuracy.


<<<<< END of TEXT PROPSOAL >>>>>

Conclusion
We propose to adopt the above mentioned text proposal for TR 38.803.
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