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[bookmark: clause4][bookmark: _Toc2086441]1	Introduction
In RAN4#99 a WF was discussed, but in the end it was not approved [1]. We also have an LS in from RAN1 [2]. In this contribution we evaluate the UE timing requirements discussed in [1] and [2].
2	TDD ON/OFF transient period
The R4-2105413, WF on 60GHz beam switching in [1] was not approved, but Issue 1-1 is quoted here, for reference.
	
Issue 1-1: UE Switching from DL to UL and UL to DL

	Proposal
	Companies supporting

	Option 1: 7us, 13792 Tc
	MediaTek, CATT, Charter, Qualcomm, Apple, Huawei, Xiaomi

	Option 2: depends on cell phase sync and transients
	ZTE, Ericsson

	Option 3: 3 us
	Intel

	Option 4 (new): evaluate improvement over FR2
	Nokia


· Way Forward
· Based on 7 companies’ support of Option 1, and 4 companies’ support of an option other than 1, the value of [7 us] is taken as a starting point
· The following will be further discussed:
· Cell coverages and system overhead aspects
· System throughput aspects
· Whether an optional capability of a faster switching time is feasible
· Other considerations are not precluded



In the TP to TR 38.802 TP to TR 38.808: Timing considerations for operation between 52.6 and 71 GHz [3], the transient periods are discussed. The relevant section is shown below.

	
4.2.2.2	Transient period
It was concluded during the SI, that improvements for transient period should be evaluated and the final agreement for transient period requirements shall be made during the work item. 
For transient period, the existing FR2 transient periods, i.e., 5 uS for UE and 3 uS for BS, might not applicable with higher subcarrier spacings, i.e., 480 and 960 kHz. As an example, 5 uS transient period is corresponding to 240 % of an OFDM symbol duration with 480 kHz SCS. Considering a pair of ON-to-OFF and OFF-to-ON, this 5 uS transient period means that the first 4 OFDM symbols and 80 % of the fifth OFDM symbol are affected and cannot be used for data transmission. This causes significant system throughput degradation with higher SCS. In order to improve system performance, shorter transient period needs to be investigated in 52.6 – 71 GHz. Specification of transient periods during WI has to consider not only the general ON/OFF mask at start and end slot, during TDD DL/UL boundaries, used in guard period (GP) timing, but also other use cases related to UE UL, like SRS time mask and PUSCH-PUCCH and SRS time mask.
[bookmark: _Hlk67917419]Table 4.2.2.2-1 Performance implication of transient for different subcarrier spacings
	Subcarrier spacing (kHz)
	120
	480
	960

	Slot duration (uS)
	125.00
	31.25
	15.63

	OFDM symbol duration (uS)
	8.33
	2.08
	1.04

	CP duration (uS)
	0.60
	0.15
	0.07

	OFDM symbol + CP (uS)
	8.93
	2.23
	1.12

	Tp portion in OFDM symbol - 5 uS
	60.0%
	240.0%
	480.0%

	Tp portion in OFDM symbol - 3 uS
	36.0%
	144.0%
	288.0%

	Tp portion in OFDM symbol - 1 uS
	12.0%
	48.0%
	96.0%


…



2.1 	TDD ON/OFF transient period versus UE TX ON -> ON transients
The issue raised in the TP with regards to the relationship between symbol time and UE transient times in table 4.2.2.2-1 in [3] and in [4, Intel] manifests itself differently when it comes to TDD ON/OFF transient period versus UE TX 
ON -> ON transients.
· A TDD ON/OFF transient period occurs with the UL/DL and DL/UL switch period and this can be controlled by 1) adapting the switch period and 2) by dimensioning the Guard Period (GP) to accommodate any transients without any blanking of symbols. This is discussed in section 2.1.1 of this document.
· UE TX ON -> ON transients occur for PRACH ON/OFF, SRS time mask, PUCCH/PUSCH slots and between PUCCH/PUSCH and SRS. UE TX ON -> ON transients occurs quite often. 
In 3GPP release-16, it has already been decided to separate the 10 µs UE (and BS) transient time for TDD ON/OFF transient period and the required UE TX ON -> ON transients. The UE TX ON -> ON transients become a capability. In the CR “CR on introduction of shorter Transient Period Capability ” [3] it is stated that 
“between continuous ON-power transmissions with power change or RB hopping is applied. When a UE signals transient period capability, the transient period value (tp) can be 2, 4, or 7 usec.  If no capability is signalled, the default transient period value of 10 usec applies. ”
However the transient time “between transmit OFF power as defined in subclause 6.3.2 and transmit ON power symbols (transmit ON/OFF)” for TDD is not changed. We think that this is an important way forward also in the WI Extending NR operation up to 71GHz. The relevant text from [3] is repeated here:
	[bookmark: _Toc21344289]6.3.3	Transmit ON/OFF time mask
[bookmark: _Toc21344290]6.3.3.1	General
The transmit power time mask defines the transient period(s) allowed
-	between transmit OFF power as defined in subclause 6.3.2 and transmit ON power symbols (transmit ON/OFF)
-	between continuous ON-power transmissions with power change or RB hopping is applied. When a UE signals transient period capability, the transient period value (tp) can be 2, 4, or 7 usec.  If no capability is signalled, the default transient period value of 10 usec applies. 



Proposal 1: Separate UE transients for transmit TDD ON/OFF and OFF/ON and for continuous ON-power transmissions.
2.2	Guard Period Dimensioning
There is a relation between switching time, synchronization error, allowed guard period and cell size. This is outlined in earlier contributions [6,7] and can be summarised in the dimensioning equation for TDD, Equation  below:
[bookmark: _Hlk60048006][bookmark: _Hlk47117873][bookmark: _Hlk47616958]TGUARD ≥ 2* TSync + 2*Tprop_cell_edge +max ((TBS onè off), (TUE offè on)) + max ((TBS offè on), (TUE onè off))
[bookmark: _Ref46942364]Equation 2.4.1-1: The dimensioning equation for TDD
[bookmark: _Hlk46942868]Where TGUARD is the total guard period assigned to the system, TSync is the	 Cell Phase Synchronization requirement, Tprop_cell edge is the cell radius and TBS onè off, TUE offè on, TBS offè on and TUE onè off are the transmitter transient periods from TS 38.104 and TS 38.101. TGUARD = TAoffset + TDL_UL as per Figure  below.


[bookmark: _Ref46942251][bookmark: _Ref46942246]Figure 2.4.1-1. TDD Guard Periods at base station.
We can use Equation  to investigate Cell Phase Synchronization, in relation to other requirements in the equation:
1. If one assumes that cells in the frequency range of 52.6 GHz to 71 GHz are smaller than for lower frequency bands, then Tprop_cell edge in Equation  becomes smaller and the need for TGUARD decreases and overhead is reduced.
2. The reduced TGUARD, because of smaller cells, could be traded off with a higher UL/DL switch frequency (lower latency), compared to FR2 or more data (less overhead), again compared to FR2. In FR2, the parameters TBS and TUE from Equation  have the values TBS = 3 µs and TUE = 5 µs.
In the approved WF and TP for TR [8,9] we have “High throughput made possible by extremely wide available bandwidths appears as an attractive and feasible design target to be prioritized over improved latency”. The examples in tables Table  and Table 2 are calculated from Equation . We keep the overhead and guard period time exactly as for FR2 with SCS = 120 kHz (with switch point periodicity = 10 slots). Three different guard periods were picked and the cell radii calculated using Equation  as Tprop_cell_edge * c/2, where c is speed of light and Tprop_cell_edge traverse the cell diameter (hexagonal pattern). The overhead is defined as time for guard period divided by total time over the switch period.

[bookmark: _Ref47118122]Table 2.4.1-1: TBS = 3 µs, TUE = 5 µs, TSync = 3 µs, switch point periodicity = 40 slots
	SCS
	T_Guard (symbols)
	Cell Radius
	Overhead

	480
	8
	50
	1,4%

	480
	10
	363
	1,8%

	480
	12
	675
	2,1%



Table 2.4.1-2: TBS = 3 µs, TUE = 5 µs, TSync = 3 µs, switch point periodicity = 80 slots
	SCS
	T_Guard (symbols)
	Cell Radius
	Overhead

	960
	16
	50
	1,4%

	960
	20
	363
	1,8%

	960
	24
	675
	2,1%



Observation 1: The reduced TGUARD could be traded off with a higher UL/DL switch frequency (lower latency), compared to FR2 or more data (less overhead), again compared to FR2. 
[bookmark: _Hlk52796234]The overhead in Table  increase with cell size, since we need to add guard period for the propagation time between aggressor base station and victim base station [6,7]. The frequency range of 52.6 to 71 GHz will not cater for the longest ranges in table Table , more likely will be ranges according to the first and second row (Cell radius = 50 m and3634 m). This will reduce overhead.
Observation 2: The shorter cell radius of 52.6 to 71 GHz will limit overhead, since guard period is lower for smaller cells.
[bookmark: _Hlk60065459]The existing overhead in Table  for cell radius = 139 m and 474 m. of 1.4 % and 1.8 % remain quite low, even with existing TGUARD = 3 µs, TBS = 3 µs and TUE = 5 µs, for a reasonable cell radius in 52.6 to 71 GHz, if we keep the same switch period (in absolute time) as for SCS = 120 kHz. It is only the case where we need both very low latency and low overhead, which remains to be analyzed further. If the switch point periodicity goes from 40 slots to 20 slots and even 10 slots, then the overhead in Table  goes from 1.4 % and 1.8 % at 40 slots, to 2.8 – 3.6 % and 5.6 – 7.2 % for 20 and 10 slots, respectively. Given the amount of spectrum available in 52.6 to 72 GHz range, this is less critical.
Observation 3: Existing BS and UE transients and agreed Cell Phase Synchronization requirements TGUARD = 3 µs, TBS = 3 µs and TUE = 5 µs, results in low overhead, 1.4 % and 1.8 %, for reasonable cell ranges of 140 meters up to 500 meters and the same switch point periodicity (in absolute time) as for SCS = 120 kHz. If the switch point periodicity increases, then overhead increases, but given the amount of spectrum available in 52.6 to 72 GHz range, this is less critical.
Starting from observation 5, there are a few factors we can consider: 
a) If do not need we need low latency and low overhead, at the same time, then we are fine. 
b) If we do need low latency and low overhead, at the same time, then the first step is to lower UE transients to 3 µs, since Equation 1 has max ((TBS onè off), (TUE offè on)) + max ((TBS offè on), (TUE onè off)) as terms and TBS = 3 µs and TUE = 5 µs in FR2. 
c) Consider TBS = 2 µs and TUE = 2 µs, if TBS = 3 µs and TUE = 3 µs does not achieve the desired low latency and low overhead.
Observation 4: If both low latency and low overhead, are needed, at the same time then we consider first UE transients down to existing FR2 BS transients of 3 µs, as the first action, lower both UE and BS transients below 3 µs as second priority action. 
If the, switch point periodicity is longer, like in Tables 2.4.1-1 with 40 ms and Table 2.4.1-2 with 80 ms switch point periodicity, then any loss due to longer UE or BS transients, will occur less frequently. The quoted Table 4.2.2.2-1, from the technical report states “As an example, 5 uS transient period is corresponding to 240 % of an OFDM symbol duration with 480 kHz SCS. Considering a pair of ON-to-OFF and OFF-to-ON”. This is true, but again we can control the loss with the switch point periodicity.
Observation 5: If the transient periods are long in relation to a symbol, then this will incur a loss of symbols, but we can control the loss with the switch point periodicity. 
Proposal 2: Keep the FR2 UE TDD ON/OFF and OFF/ON transients (13792 Tc (=7.015 µsec)) for extension to 71 GHz WI.
3	Summary
Proposal 1: Separate UE transients for transmit TDD ON/OFF and OFF/ON and for continuous ON-power transmissions.
Observation 1: The reduced TGUARD could be traded off with a higher UL/DL switch frequency (lower latency), compared to FR2 or more data (less overhead), again compared to FR2. 
Observation 2: The shorter cell radius of 52.6 to 71 GHz will limit overhead, since guard period is lower for smaller cells.
Observation 3: Existing BS and UE transients and agreed Cell Phase Synchronization requirements TGUARD = 3 µs, TBS = 3 µs and TUE = 5 µs, results in low overhead, 1.4 % and 1.8 %, for reasonable cell ranges of 140 meters up to 500 meters and the same switch point periodicity (in absolute time) as for SCS = 120 kHz. If the switch point periodicity increases, then overhead increases, but given the amount of spectrum available in 52.6 to 72 GHz range, this is less critical.
Observation 4: If both low latency and low overhead, are needed, at the same time then we consider first UE transients down to existing FR2 BS transients of 3 µs, as the first action, lower both UE and BS transients below 3 µs as second priority action. 
Observation 5: If the transient periods are long in relation to a symbol, then this will incur a loss of symbols, but we can control the loss with the switch point periodicity. 
Proposal 2: Keep the FR2 UE TDD ON/OFF and OFF/ON transients (13792 Tc (=7.015 µsec)) for extension to 71 GHz WI.
Proposal 2 is also expressed into an LS out to RAN1 in [4].
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