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1 Introduction
 IN RAN4#93, IAB MT and DU switching latency is discussed with the following WF [1]:
· Decision to define latency requirement for switching between MT TX and DU TX will be finalized in the next meeting.
· Companies are requested to provide required latency values for switching in the next meeting.
In this paper, we present our analysis on the switching latency. 
2 Discussion
2.1 RAN1 agreement
Acc.to WF [1], there are some RAN1 agreement as below:
· A parent IAB node can be made aware of the number of symbols Ng the child IAB node would like the parent IAB node not to use at the edge (beginning or end) of a slot when there is a transition between child MT and child DU. Separately or additionally, the child IAB node can be made aware of the number of guard symbols that the parent IAB node will provide.

· Ng can be provided for each of the [8] possible transitions with potential overlap:

· If Ng is not provided it is assumed to be 0

· NOTE: this agreement does not introduce any performance requirement on IAB nodes.

By next meeting, RAN1 will decide the maximum gap symbols to be 3 or 7. 

2.2 Impact on the hardware on the DU/MT switching

RAN1 assumption and agreement does not take account the hardware transient time. Considering the system impact one could interpret that it should be possible also factor in the hardware transient time if needed into the maximum gap symbols Ng budget. The question is that if the maximum gaps is big enough for different cases to accommodate the hardware transient time or not.

Figure 1 shows the TDD guard period definition at BS, the TAoffset reflect the the RX to TX transient time and TDL_UL is the guard period for the DL switch to the UL and this will relate to cell range, as for IAB case, it is ISD. In worst case, the concerned IAB node could have a next IAB hop which means the 2xISD will be relevant. Suppose it is 500m ISD, the guard time should be configured minimum to be 2 times of propagation delay which is 3.3 us, as it showed in Figure 2 and slot format in Table 11.1.1-1 in 38.213 so guard time can be used with the # of flexible symbols in some of the slot format configuration. TDL_UL = N* Tsymbol – TAoffset, assuming the SCS=120kHz for FR2, the symbol time is 8.92 us, and assuming N=2, so the TDL_UL = 2* 8.92 – 7 = 10.8 us > 3.3 us; for FR1, assume SCS = 60kHz and symbol time is 17.84us, assuming N=1, and TDL_UL = 1* 17.84 – 13 =4.8 us. 
Table 1 lists the hardware transient time from different 3GPP spec and this will be used as a basis in this paper to analyze different cases. For the shared hardware architecture (IAB MT and IAB DU), the DU Tx to MT Tx switching time is assumed to be 7us for FR2 and 13 for FR1 which is the same as TX to RX.  The same assumption is taken for DU Rx to MT Rx switching delay which is 7us for FR2 and 13us for FR1. Another assumption is that IAB MT and IAB DU are clocked by the same clock so there is no time error considered.
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Figure 1: TDD Guard Periods at base station
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Figure 2:NR TDD configuration (one example)

Table 1: gNB and UE transient time summary

	 
	Transient
	FR2 Transient period length (µs)
	FR1 Transient period length (µs)

	gNB
	On-to-off
	3
	10

	
	Off-to-on
	3 
	10

	
	Rx-to-Tx (Table 7.1.2-2 in 38.133, TAoffset)
	7
	13 (20 when coexist with LTE)

	
	Tx-to-RX (assume the same with TAoffset)
	7
	13

	UE
	On-to-off
	5
	10

	
	Off-to-on
	5 
	10

	
	On-to-on with power changes or RB hopping 
	5
	10

	
	RX-to-TX (38.211)
	7 
	13

	
	TX-to-RX(38.211)
	7
	13
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Figure 3:  DU<-> MT Transient time impact analysis for case#1 to case #8
Table 2: Summary on the max# symbols needed considering the hardware transient time

	Case #
	Transient behaviour
	Additional time to reserve 
	Max delay (us, FR2)
	Max# symbol needed (FR2, SCS=120kHz)
	Max delay (us, FR1)
	Max# symbol needed (FR1, SCS=60kHz)

	#1
	DU:TX-> MT:RX
	T_tx2rx – (Tp + TAE)
	7 – (0 -3) = 10 (Tp min=0)
	2
	 16 
	2

	#2
	DU:TX-> MT:TX
	T_Tx2Tx- (T’DL_UL – 2Tp – TAE)
	7- (10.8 -3.4-3)=2.6
	1
	17.8
	2

	#3
	DU:RX-> MT:RX
	T_Rx2Rx- (TAoffset + Tp + TAE)
	7- (7 + 1.67 -3)=1.33
	1
	3
	1

	#4
	DU:RX-> MT:TX
	2*Tp + TAE+ T_RX2TX
	13.3
	2 
	 22.6
	2 

	#5
	MT:TX-> DU:RX
	T_Tx2RX – (2*Tp + TAE)
	0.7 
	1
	 3.4
	1 

	#6
	MT:TX-> DU:TX
	T_tx2tx – (2Tp + TAE+ TAoffset)
	-13,3 
	0
	 -22.6
	0

	#7
	MT:RX-> DU:TX
	Tp+ TAE+T_Rx2Tx
	11.67 
	2 
	 19.6
	2 

	#8
	MT:RX-> DU:RX
	T_Rx2Rx – (T’DL_UL- Tp-TAE)
	 -6.7
	0
	 -4.5
	0

	Note: Tp = 1.67 us for a ISD=500m for FR2 and Tp = 3.3 us for ISD = 1km for FR1. TAE is the time error between the IAB parent and IAB child which is 3 us.


Table 3: OFDM symbol duration

	Parameter / Numerlogy (u)
	0
	1
	2
	3

	Subcarrier Spacing (Khz)
	15
	30
	60
	120

	OFDM Symbol Duration (us)
	66.67
	33.33
	16.67
	8.33

	Cyclic Prefix Duration (us)
	4.69
	2.34
	1.17
	0.57

	OFDM Symbol including CP (us)
	71.35
	35.68
	17.84
	8.92


Table 2 list the summary of the max # of symbol which will be needed to reserve for the impacted time slot. The critical cases are case#4 and case#7 and from the calculation, it can be observed that the additional hardware transient time will not change the RAN1 current agreement even if Ng=3, so it is concluded that the hardware switching latency is covered in RAN1 assumption and agreement and there is no need to introduce additional signaling or reporting capability.
Proposal-1: There is no need to define additional latency requirements between the DU to MT switching.

3 Conclusions

In this contribution, we analyze the DU to MT switching latency and impact on the reserved symbol due to the hardware switching transient time with below proposal:
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