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In this contribution we provide discussion on the mechanism of NR NTA offset design. The relationships between TA offset and the transition times for gNB turning on is specifically presented. Furthermore, we demonstrate that the TA offset value also has a close relationship with UE TX to RX (and RX to TX) switching time, which leads to the issue of performance degradation caused by current NTA offset values [1].  To address this issue, we propose using a new set of guard period (GP) values for different subcarrier spacing without changing the current NTA offset values.
TA offset design
The design of TA offset is first motived from the gNB perspective, where it is proposed to avoid the situation in which one base-station (BS) is continuing or starting to transmit significant power in the downlink and causing interference to a neighbor BS. This section reviews the design mechanism of TA offset and quantifies the value of TA offset in terms of BS synchronization uncertainty and transition time for turning on the transmitter at BS. Furthermore, we show the close relationship between UE TX/RX transition time and timing advance (TA), TA offset, and guard period (GP), which reveals that TA offset vale also has a significantly impact on UE implementation. 
 NR NTA offset 
The initial design of TA offset for TDD system is to avoid that the “early” DL transmission at one BS causes interference to its neighbor BS which is still in the UL reception [2].  Simply speaking, TA offset is guard period allocated for the BS UL to DL switch. The detailed discussion on the TA offset in [2] is provided below.
	[bookmark: _Ref469928000]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.
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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.  



In the Annex of this paper, we provide the detailed analysis on the factors which determines the TA offset values. These factors are transition time for BS OFF to ON, synchronization error, transition time for UE ON to OFF, and the TA value. Based on the discussion in Annex, we determine the TA offset value as 
TA offset = TSync + TBS offon				                                                         (1)
Note: the CP duration in the DL symbol, which is reserved for interference mitigation, may also be included in the formula. In the design of TA offset, the impact from CP duration is ignored for simplicity.    
In the previous study [2], the TA offset expression also includes the UE ON to OFF transition time (TUE onoff). We explain the reason why TUE onoff is not included the expression (1) in the annex of this contribution.
Now we specify the values of each term in the expression (1). In TS 38.133, the cell phase synchronization accuracy (TSync) measured at BS antenna connectors is defined to be [3] µs. The BS off-on transition time (TBSoffon) defined in TS38.104 is summarized in the table below: 
	Transition
	Transient period length [µs]
	FR

	OFF to ON/On to OFF
	10
	FR1

	OFF to ON/On to OFF
	3
	FR2
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With the value of TSync and TBSoffon, the value of TA offset can be obtained. The TA offset specified in TS 38.133 is shown below,
	Duplex Mode of cell used for uplink transmission
	

	(In µs)

	FDD in FR1 or FR2
	0 (Note)
	0

	TDD in FR1 
	25560
	13

	TDD in FR2
	13763
	7 

	Note: Regardless of whether LTE-NR coexistence is configured or not in FR1


Table 2. Minimum requirement for the transmitter transient period for FR1/FR2

UE TX/RX transition time
From UE implementation perspective, TA offset, TA, and GP together determine the transition time for UE UL to DL (DL to UL) switch. To understand this, we show the timeline for UE and gNB in the Figure 2. 
[image: ]
Figure 2. Timeline illustrating timing offset and switching times for UE and gNB.
Define TUE TX-RX as the transition time for UE switching UL to DL, and TUE RX-TX as the transition time for UE switching DL to UL. As it is shown in Figure 2 and given the definition of TA offset, which is the time for BS switching UL to DL, we first obtain that 
TUE TX-RX = TA + TA offset                                                                         (2)
Second, according to TS 38.211, the value of TA + TA offset is specified as below:
“There is one set of frames in the uplink and one set of frames in the downlink on a carrier. 



Transmission of uplink frame number  from the UE shall start  before the start of the corresponding downlink frame at the UE where  depends on the frequency band according to [38.133].” 
Based on this fact, it can be seen from Figure 2 that the maximum RX to TX switching time for UE is 
TUE RX-TX = GP – TA – TA offset = n×Tsym – TA – TA offset                                                   (3) 
where Tsym is the symbol duration. 
Note: The CP length for DL symbol should be also added in the formula (2) and subtracted in (3). For simplicity we ignore the CP length in the formulas. 
We now need to know the transition time for UE switching TX to RX and RX to TX.  Following TS 38.101, the UE ON/OFF time mask for NR is defined as follows,
	Transition for UE
	Transient period length [µs]
	FR

	OFF to ON/On to OFF
	10
	FR1

	OFF to ON/On to OFF
	5
	FR2


Table 3. UE ON/OFF time mask requirement
Additionally, UE needs some time to prepare switching. Thus the actual UE TX-RX switching time would be larger than the UE ON/OFF time mask. In this contribution, we suggesting using the UE TX-RX switching time proposed in [3], which is shown below
	Transition for UE 
	Transient period length [µs]
	FR

	TX to RX/RX to TX
	[13]
	FR1

	TX to RX/RX to TX
	[7]
	FR2
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Discussion for solutions
Since network vendors and operators propose to use 1 symbol for GP to control the throughput loss due to UL/DL switching, for the case of 120KHz SCS (FR2), with a UE that is 300m away from gNodeB that TA is 2 us, according to equation (3), GP = TUE RX-TX +TA+TA offset = 7+ 2+7 = 16> 8.92 = Tsym. It is clear that one symbol GP is not enough! Thus, based on equation (3), the UE need as least 2 symbols to switch from RX to TX, which would cause UE performance degradation. This potential problem caused by current TA offset values has been identified in [1]. To address this issue, there are three possible options, which are already indicated in equations (2) and (3), i.e., shortening TA offset, reducing the network coverage, and enlarging GP. In the following, we will discuss the drawbacks of shortening TA offset, reducing the network coverage for addressing the issue, and demonstrate that the only desirable solution is enlarging GP.
1. Shortening TA offset. This solution has been proposed in [1], in which the TA offset is suggested to be 3.45 µs for 120 kHz SCS. However, from equation (2), it is indicated that for a fixed TA, TA offset = UE TX to RX transition time - TA. Clearly, reducing TA offset will result in the reducing of UE TX to RX transition time. Based on the UE TX/RX transition time specified in Table 4, it is impossible for us to shorten TA offset anymore. Even if TA offset can be further reduced, it cannot smaller than 5 µs for FR2 based on equation (2) with TA = 0. So shortening TA offset is not a feasible solution at all.

2. Reducing the network coverage. This solution requires decreasing TA values, which will limit the coverage for FR2. Furthermore, for 120 kHz SCS, even with TA = 0, TUE RX-TX = Tsym – TA – TA offset = 8.92 – 7 = 1.92 < 5 µs = UE OFF to ON time mask, which is a contradiction. Thus, only changing TA values cannot solve the problem either. 

3. Increasing GP. Combining equation (2) and (3), when TA =0, it is shown that      
GP =  TUE RX-TX + TA+TA offset = 7 + 7 = 14 µs for FR2
Since for 120 kHz SCS, Tsym = 8.92 µs, we need at least two 2 symbol for the guard period in order to satisfy both equation (2) and (3).  Thus, to address the issue caused by current TA offset values, we ultimately need to update the GP for different SCS. 
Proposal #1: Given the UE RF capability for TX-RX transition time, reducing the current TA offset is not feasible. 
Proposal #2: Given the current value of TA offset and UE TX-RX transition time, one symbol for GP is not enough. 
In RAN4 meeting #86, it is agreed that whether we use one symbol GP is FFS. Furthermore, it is clear that increasing GP is the only desirable choice. Following equation (3), GP = TUE RX-TX  + TA+TA offset, we propose the following:
Proposal #3: In general, 
   for FR1 and FR2.
For different SCS, the values of GP are provided in the following table:
	SCS and FR
	TUE RX-TX 
[µs] 
	TA offset
[µs]
	Tsym [µs]
	GP (number of symbols)
	GP1 (with typical TA)

	15kHz in FR1
	[13]
	13
	71.36
	ceil{(TA + 26)/71.36}
	1 symbol 

	30kHz in FR1
	[13]
	13
	35.68
	ceil{(TA + 26)/35.68}
	1 symbol 

	60kHz in FR1
	[13] 
	13
	17.84
	ceil{(TA + 26)/17.84}
	2 symbol 

	60kHz in FR2
	[7]
	7
	17.84
	ceil{(TA + 14)/17.84}
	1 symbol 

	120kHz in FR2
	[7] 
	7
	8.92
	ceil{(TA + 14)/8.92}
	2 symbol 

	1Note: Assume cell radius is 1000m for FR1 (6.66 µs) and 300m for FR2 (2 µs); TA is network associated. 



Note: The GP value relies on the TA values. If the TA values are changed in the above table, GP will change accordingly. 

Conclusions
In this contribution, we focused on discussing the mechanism of NR NTA offset design. Based on the analysis on the factors that impact TA offset, we propose increasing the guard period to resolve the issue of potential UE performance degradation.  Our proposals are as follows: 
Proposal #1: Given the UE RF capability for TX-RX transition time, reducing the current TA offset is not feasible. 
Proposal #2: Given the current value of TA offset and UE TX-RX switching time, one symbol for GP is not enough.  

Proposal #3: In general, 
   for FR1 and FR2.
For different SCS, the values of GP are provided in the following table:
	SCS and FR
	TUE RX-TX 
[µs] 
	TA offset
[µs]
	Tsym [µs]
	GP (number of symbols)
	GP1 (with typical TA)

	15kHz in FR1
	[13]
	13
	71.36
	ceil{(TA + 26)/71.36}
	1 symbol 

	30kHz in FR1
	[13]
	13
	35.68
	ceil{(TA + 26)/35.68}
	1 symbol 

	60kHz in FR1
	[13] 
	13
	17.84
	ceil{(TA + 26)/17.84}
	2 symbol 

	60kHz in FR2
	[7]
	7
	17.84
	ceil{(TA + 14)/17.84}
	1 symbol 

	120kHz in FR2
	[7] 
	7
	8.92
	ceil{(TA + 14)/8.92}
	2 symbol 

	1Note: Assume cell radius is 1000m for FR1 (6.66 µs) and 300m for FR2 (2 µs)
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Annex
In the design of TA offset, another situation where one UE “late” UL transmission causes interference to its neighbor cell UE already switched to DL reception (see Figure 3), could also impact the value of TA offset. 


Figure 3. UE - to - UE interference at UL to DL switch (cited from Figure 6.1.1.2.2-1 in [2])
As can be seen from Figure 3, we have 
TA offset = TSync + TUE onoff + Tprop_UE2UE - 2×Tprop_BS2UE
where TSync is synchronization error between two cells, TUE onoff is the UE ON to OFF time mask, Tprop_UE2UE is the propagation time from UE A to UE B, and Tprop_BS2UE is the propagation time between UE and BS. If two UE are far away from each other, the interference is relatively weak due to path loss. Thus for the worse case, where two UEs are close to each other, Tprop_UE2UE ~ 0.
For the case where two BSs are collocated, it has been excluded by RAN4. Thus the only possible scenario is that two UEs at cell edge and they are close to each other. Combined with the conclusion in (1), we have  
TA offset = TSync + max(TBS offon, TUE onoff – TA)
Note that in [2], the TA in the second term of the max function in the above formula is missing, which is incorrect. For a typical TA = 2 µs (300 m cell radius), we can evaluate that for FR1, TBS offon = 10 µs and TUE onoff = 10 µs, thus TA offset = TSync + TBS offon; for FR2,  TBS offon = 3 µs,  TUE onoff = 5 µs, and TUE onoff – TA = 3 µs, thus TA offset = TSync + TBS offon. Therefore, we finally adopt the following formula to compute TA offset:
TA offset = TSync + TBS offon
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