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1 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.
2 Text proposal

The following text proposal is related to Section 6.1. 

<<<<< START of TEXT PROPSOAL >>>>>

2 References
[x.1]
R4-1609528 Observations regarding NR timing budget, Ericsson
[x.2]
R4-167639 Timing advance for TDD NR, Ericsson
<<<<< Next Change >>>>

<<<<< Next Addition >>>>>

6.1
Common issues for UE and BS

Editor’s note: Common RF issues for both UE and BS RF requirement feasibility are captured

6.1.1
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 -85 dBm/MHz 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 subcarrier spacing in comparison with E-UTRA will be needed. Increased subcarrier spacing implies shorter symbol and slot 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. 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. Hence, shorter switching times for power ON/OFF and OFF/ON are need compared to E-UTRA.
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Figure 6.1.1-1 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 for a fixed guard period. Furthermore, 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.

BS 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 critical parts for TDD systems are around the switching points i.e. around DL to UL and UL to DL switching, here sufficient guard periods must be assigned to mitigate interference between systems, see Figure 6.1.1-2 where;

TGUARD :  
Total allocated GP (for both DL to UL and UL to DL guards) 

TAoffset :  Guard period allocated for the UL to DL switch 

TDL_UL :    
Guard period allocated for the DL to UL switch


[image: image2.emf]
Figure 6.1.1-2 TDD Guard Periods at base station

In the following sections relevant interference scenarios around the switching points are described. A seven symbol slot is used for illustration purpose; another number of symbols could be used.

6.1.1.1 Base station to base station interference
6.1.1.1.1 Down link to up link switching point

 BS-B´s (aggressor) “late” DL transmission can cause interference to BS-A´s (victim) “early” UL reception. 


[image: image3.emf]
Figure 6.1.1.1.1-1 BS-to-BS interference at DL to UL switch
As can be seen in Figure 6.1.1.1.1-1 the guard period for the DL to UL switch (TDL_UL) must include sufficient time for:

· Time synchronization error between base stations (TSync), in this case base station B is TSync late in relation to base station A. 

· TSync is the timing at the Antenna Reference Point (ARP) and hence in addition to synchronization source errors also include distribution and margins for holdover operation, see [2]. 

· Transition time for turning off the transmitter (TBS on( off).

· The time relates to a specified TX OFF level 

· A propagation time (Tprop_BS2BS) between aggressor base station and victim base station.

· TDL_UL ≥ TSync +TBS on( off + Tprop_BS2BS
(BS2BS-DL2UL)

Note: The cyclic prefix (CP) would give protection (TCP) but excluded and not subtracted here as a simplification since interference might also be NLOS.

Note: An error in the UE Timing Advance could e.g. in this case lead to an even earlier UL reception at victim base station A, if this error is significant [x.2], above formula must include margin for TA errors.  

The propagation time (Tprop_BS2BS) increases with the distance between aggressor and victim (interference arrives later at victim base station A which in this case is a disadvantage) however due to path loss, the interference level also decreases by distance. This effect is illustrated as a rough example in Figure 6.1.1.1.1-2 below. 
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Figure 6.1.1.1.1-2 Example BS-to-BS interference at DL to UL switch
For a certain acceptable interference level, a corresponding minimum time must be allocated for Tprop_BS2BS. This must be analysed in detail for different systems and deployments, and depends on path loss, transmitter output power and receiver properties.

If an acceptable interference level is reached already between neighbouring base stations, then Tprop_BS2BS would equal the propagation time between two nearby base stations (TISD) i.e. Tprop_BS2BS =TISD but if an acceptable interference level first is reached at the neighbour’s neighbour then Tprop_BS2BS =2* TISD and so on. 
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Figure 6.1.1.1.1-3 BS-to-BS interference distance
Reducing the transmitter switch off time (TBS on( off) would have positive effect on reducing the BS-to-BS interference at the DL to UL switching point, at least fast reaching an intermediate level providing sufficient isolation between distant BS (intermediate level prior to final TX OFF level). If easier to implement than the opposite direction, the switch time must not be specified symmetric (i.e. could allow TBS on( off ≠ TBS off( on).

Note: Co-located base station does not suffer from this delay in the time domain but instead interference will be less attenuated (dimensioning for TX OFF level). 
6.1.1.1.2 Up link to down link switching point

BS-A´s (aggressor) “early” DL transmission can cause interference to BS-B (victim) still in UL reception see Figure 6.1.1.1.2-1.


[image: image6.emf]
Figure 6.1.1.1.2-1 BS-to-BS interference at UL to DL switch
As can be seen in Figure 6.1.1.1.2-1 the guard period for the UL to DL switch (TAoffset) must include sufficient time for:
· Time synchronization error between base stations (TSync), in this case base station A is TSync early in relation to base station B. Base station A waits at least TSync before ramping its transmitter. 

· Transition time for turning on the transmitter (TBS off( on).

· The time relates to a specified TX OFF level 

If we look in the figure we also see that a large Tprop_BS2BS gives an advantage (the interference arrives later at victim base station B) and hence is worst for co-located base stations (Tprop_BS2BS ~0).

· TAoffset ≥ TSync +TBS off( on
(BS2BS-UL2DL)

Note: As a simplification and due to above mentioned reasons Tprop_BS2BS is excluded and not subtracted. 

Note: An error in the UE Timing Advance could e.g. in this case lead to an even later UL reception at victim base station B and if this error is significant [x.2], above formula must include margin for TA errors.  

6.1.1.2 UE to UE interference
6.1.1.2.1 Down link to up link switching point

UE-A (aggressor) “early” UL transmission can cause interference to UE-B (victim) still in DL reception, see Figure 6.1.1.2.1-1.
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Figure 6.1.1.2.1-1 UE -to -UE interference at DL to UL switch



Figure 6.1.1.2.1-1 the guard period in the DL to UL switch must include sufficient time for:

· Time synchronization error (TSync) between UE´s connected to different base stations, in this case UE A is TSync early in relation to UE B. UE A waits at least TSync before ramping its transmitter. 

· Transition time for turning on the transmitter (TUE off( on).

· The time relates to a specified TX OFF level 

· Propagation time between base station and UE´s at cell edge (Tprop_cell_edge). 


To simplify and to get a direct relation towards cell edge we define this as LOS propagation and multiply with a NLOS path compensation factor αNLOS (αNLOS >1).  

In Figure 6.1.1.2.1-1, a small distance and thereby small propagation time between the UEs (Tprop_UE2UE ~0) is a disadvantage both from a timing view (the interference from UE A would arrive “earlier” at UE B) and from an interference view (short distance also means higher level of interference). Also early UL transmission of aggressor UE A (large TA) and late DL reception of UE B is a disadvantage timing wise i.e. worst situation is when UEs at cell edge and close to each other (motivation why Tprop_UE2UE not subtracted in formula below). 
· TDL_UL ≥ TSync +TUE off( on + αNLOS *2*Tprop_cell edge
(UE2UE-DL2UL)

Note: An error in the UE Timing Advance could e.g. in this case lead to even earlier aggressor UE-A UL transmission, if this error is significant [6.2], above formula must include margin for TA errors.  

Note:  As an alternative to the αNLOS a separate term TNLOS could be used instead and relate it to the cyclic prefix time (TCP).

6.1.1.2.2 Up link to down link switching point

UE-B (aggressor) “late” UL transmission can cause interference to UE-A (victim) already switched to DL reception, see Figure 6.1.1.2.2-1.   
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Figure 6.1.1.2.2-1 UE - to - UE interference at UL to DL switch



 As can be seen in figure 6.1.1.2.2-1, the guard period in the UL to DL switch must include sufficient time for:

· Time synchronization error (TSync) between UE´s connected to different base stations, in this case UE A is TSync early in relation to UE B i.e. UE A receives DL data before UE B.

· Transition time for turning off the transmitter (TUE on( off).

· The time relates to a specified TX OFF level 

· A propagation time (Tprop_UE2UE) between the UEs 

For this case the worst case would be if the UEs are close to each base station (aggressor UE B transmit UL data late i.e. with small TA and victim UE A receives DL data early). This would also give the largest propagation time (Tprop_UE2UE) between the UEs (a disadvantage timing wise since interference arrives even later at UE-A). However, if the UEs are largely separated in distance, interference levels would be limited (UE output power significant less than base station). 

One scenario where the UEs are close to their base stations and close to each other could be for co-located base stations but then normally also meaning limited or low Tprop_UE2UE.
· TAoffset ≥ TSync +TUE on( off + Tprop_UE2UE
(UE2UE-UL2DL)

Note: The cyclic prefix (TCP) is not used in the formula as a simplification, if used it should be subtracted.

Note: It would be possible making the formula more generic (and complex) by also subtracting the actual propagation time for the aggressor UL (uses TA) and propagation time for the victim DL reception (or use the simplification above and set Tprop_UE2UE ~0 which could be a fair simplification also considering that CP not used). 

Note: An error in the Timing Advance could e.g. in this case lead to an even “later” aggressor UE-B UL transmission and if this error is significant [6.2], above formula must include margin for TA errors.  

6.1.1.3 Guard Period summary


The total allocated guard period TGUARD ≥ max TDL_UL + max TAoffset.

Max TDL_UL is derived from earlier expressions in section 6.1.1.1.2 and 6.1.1.2.2: 

TDL_UL ≥ TSync + max ((TBS on( off + Tprop_BS2BS), (TUE off( on + αNLOS *2*Tprop_cell edge))
Max TAoffset is derived from earlier expressions in section 2.1.1.2 and 2.1.2.2:

TAoffset ≥ TSync + max ((TBS off( on), (TUE on( off + Tprop_UE2UE))

(
TGUARD ≥ 2* TSync + max ((TBS on( off + Tprop_BS2BS), (TUE off( on + αNLOS *2*Tprop_cell edge)) + 
+ max ((TBS off( on), (TUE on( off + Tprop_UE2UE))

To easier identify the impact from some key parameters such as synchronization accuracy and switching times in a first high level analysis (used with care), some further simplifications can be made.

First simplification

In a first simplification we can set Tprop_UE2UE = 0 (for reasons mentioned in above section).

(
TGUARD ≥ 2* TSync + max ((TBS on( off + Tprop_BS2BS), (TUE off( on + αNLOS *2*Tprop_cell edge)) + 

max ((TBS off( on), (TUE on( off))

Second simplification

αNLOS = 1 (only LOS propagation in model and hence too optimistic wrt needed guard period and cell size).

If we then further assume Tprop_BS2BS = TISD = 1.5*Tprop_cell edge i.e. < 2*Tprop_cell edge in expression above (no significant BS-to-BS interference already at first neighbour, not necessarily true).

(
TGUARD ≥ 2* TSync + 2*Tprop_cell edge +max ((TBS on( off), (TUE off( on)) + max ((TBS off( on), (TUE on( off))

As can be seen the maximum BS to UE propagation time Tprop_cell edge will be part of total timing budget, given as stated above, that BS-to-BS interference is not significant (e.g. if BS-to-BS interference of Tprop_BS2BS = 2xISD, the expression above would use 3*Tprop_cell edge instead, see Figure 6.1.1.1.1-3).
In all 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 trade-off between ON-OFF switching time versus OFF power level and resultant power efficiency should also be considered.
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 short and so is also not significant. Thus the switching time will depend on the PA characteristics. It’s proposed that shorter switching time could be reached compared to E-UTRA with state of art technologies. However, further consideration is still needed for more detailed PA characteristics with more data from vendors in the context of the available time budget for reasonable switching time, OFF power level and power efficiency, as well as cell coverage requirements at different operating frequency ranges and the potential for tightening the BS synchronization and UL timing advance accuracy.

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

3 Conclusion

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