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1. Introduction
There have been a number of papers that were generated to discuss and finally agree to the LS response from RAN1. The impetus for this response was based on expected UE transient period behavior.  There was little consideration to the impact to the network and which UE switching periods are important to systems performance.  
2. Network gNB to UE
A simple review of the timing required for the network outlines which times are critical.  Form the diagram below the things to note are:

· System timing is based at the gNB antenna

· Propagation delay impacts the UE DL and hence UL is already delayed.
· UE must advance UL timing to ensure on-time arrival of the signal at the gNB. 
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Figure 1: Network block diagram
3. Timing Explained
Assumptions and comments relevant to diagram below:
· Tp = propagation time gNB to UE

· Ta = timing advance (in NR should be same as Tp)

· UE TX to RX switching is G4

· UE RX to TX switching is G3

· G1+G2 = G3+G4 = integer number of symbols (assumed one?)

· G3 gets squeezed at UE due to Tp and Ta.  

· G2 gets squeezed at gNB due to Tp and Ta.  

· Tp and Ta depend on the cell range.

· The larger the SCS the larger the percentage Tp+Ta is of the symbol period
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The critical timing for UE G3 which will be less than G4 by Ta and Tp, is dependent on cell range and indirectly the SCS. 
4. Cell Range and G3 Values

The UE critical timing is G3 – UE Rx -TX timing.  This also happens to be the most difficult of the UE timing constraints as it involves setting up the PA in the TX path.  The timing can best be determined by reviewing examples.  The worse-case is SCS=60 kHz for sub6 and SCS=120kHz for mmW - only 120 kHz for mmW is used for data. The following reviews the two cases and comes up with G3 values and associated cell range for sub6 and mmW.

Table 1: Sub6 SCS =60 kHz and various cell ranges.
[image: image3.emf]SCS = 60 kHz

Symbol duration (us) 17.84

Total GP duration (us) 17.84

G1: eNB DL->UL switch (us) 12.25 9.75 10.25

G2: eNB UL-> DL switch (us) 5.59 8.09 7.59

cell edge distance (m) 1000.00 250.00 400.00

Td: Propagation delay (us) 3.33 0.83 1.33

Ta: Timing advance (us) 3.33 0.83 1.33

G3: UE DL->UL switch (us) 5.59 8.09 7.59

G4: UE UL->DL switch (us) 12.25 9.75 10.25


Table 2: mmW SCS =120kHz and various cell ranges.
[image: image4.emf]SCS=120kHz

Symbol duration (us) 8.92

Total GP duration (us) 8.92

G1: eNB DL->UL switch (us) 7.79 5.46 5.93

G2: eNB UL-> DL switch (us) 1.13 3.46 2.99

cell edge distance (m) 1000.00 300.00 440.00

Td: Propagation delay (us) 3.33 1.00 1.47

Ta: Timing advance (us) 3.33 1.00 1.47

G3: UE DL->UL switch (us) 1.13 3.46 2.99

G4: UE UL->DL switch (us) 7.79 5.46 5.93


Based on Table 1 and Table 2, the best cell range values for highest SCS=60kHz and SCS = 120 kHz are 1km for sub6 and 300 m for mmW.  Other SCS and cell range configurations are possible but these two give the worse-case G3 timing value for sub6 and mmW.  1km cell range for SCS=60kHz equates to G3 = 5.59us and 300m for SCS=120kHz equates to G3 = 3.46us.  
Conclusion
This paper serves as a reference for determining the cell range and more importantly from UE point of view the minimum G3 time that needs to be supported. The minimum G3 period needs to be compatible with the expected worse case UE transient periods.  Based on Transient Off/On (2) discussed previously in RAN4 for mmW(5us) and sub6(10us), we don’t see an issue meeting worse case G3 requirements. 

The maximum cell range for SCS=60kHz is 1km and the maximum cell range for SCS=120kHz is 300m.  It is FFS other SCS vs cell range.
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Tp = propagation delay signal from gNB to UE


For NR the propagation delay is symmetrical – same frequency.  However on UL, the UE must advance it’s timing Ta so that the signal arrives at gNB at the correct time (slot boundary).



