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1	Introduction 
The discussion related transient requirements for the FR2-2 frequency range has not yet concluded, with the following agreements reached during RAN4 #101 [1]:
	Beam direction-only switching time assumption
-	Proposals:
-	Option 1: 200 nsec for all SCS (Huawei, vivo, Apple, MediaTek, Qualcomm, OPPO)
-	Option 2: 50 nsec for all SCS (Nokia, Ericsson)
-	Option 3: 200 ns is too long, this requires more discussion (Ericsson)
-	Recommended WF by Moderator in the first round:
-	Option 1
-	Tentative agreement based on majority view:
-	Option 1 (200 nsec for all SCS)
NOTE: no agreement was reached on this topic
ON/ON transient time for 480/960 SCS
-	Proposals:
-	Option 1: Specify 1,2,3 usec capability for 480/960 SCS ON/ON (Ericsson [preferred], IDC, Intel, AT&T)
-	Option 2: 5us as in FR2-1 with no capability specified (OPPO, Ericsson, Huawei, Apple [preferred], MediaTek, Qualcomm, Nokia [can accept], vivo)
-	Option 3: 2 usec with no capability specified (Ericsson [preferred], Nokia, IDC, Intel, AT&T)
-	Option 4: Further study reduced ON/ON time (vivo, Apple)
-	Recommendations for 2nd round: further discuss in WF on timing issues. Further discuss Apple 7976 and Ericsson 8265 in WF:
-	Agreement:
-	5 µs is specified for ON/ON transient time for 480/960 SCS and, additionally:
-	Alt 1: RAN4 to evaluate potential gains with shorter ON/ON time and, if found necessary, specify 1,2,3 µs capability for 480/960 SCS ON/ON



This contribution provides our views on the remaining issues with transient requirements for FR2-2.
2	Discussion
The justification section in the WID captures the goal of the overall activity as the following [1]:

	In order to minimize the specification burden and maximize the leverage of FR2 based implementations, 3GPP has decided to extend FR2 operation up to 71GHz with the adoption of one or more new numerologies (i.e., larger subcarrier spacings).



Applying this goal to transient and timing requirements, we observe that the general intention exists to leverage FR2 based implementation when realizing solutions for NR in the frequency range of 52.6 – 71 GHz.
[bookmark: _Toc92680369]Observation 1:	In terms of RF hardware control timelines, leveraging of FR2 based implementations implies reusing FR2 requirements on switching between DL and UL as well as Tx/Rx beam switching delays.
[bookmark: _Toc92680373]Proposal 1:	Beam direction-only switching time assumption should be defined to be 200 nsec, and no UE capability is necessary for this parameter.
The question of ON/ON transient time for 480/960 SCS has remained open for a number of meetings.  The key usecase applicable to this topic is the consecutive transmission of SRS with PUSCH.  Figure 1 below illustrates the relevant scenarios below with example DL and UL symbol allocations.
[image: ]
Figure 1: Examples of SRS and PUCCH/PUSCH scheduling (480 kHz SCS)
In the first scenario, no SRS is allocated, and we observe gap symbols with no UL allocation are needed to accommodate the Rx-Tx transition time of 7 us (4 symbols at 480 kHz SCS).  In the second scenario, SRS is arbitrarily allocated within the duration of PUSCH symbols, thereby necessitating two ON/ON transitions:  PUSCH -> SRS and then SRS -> PUSCH.  In the third scenario, the SRS allocation is aligned with the Rx-Tx transition (the figure shows SRS leading PUSCH, although the same effect can be accomplished by allocating SRS as the last Tx symbol before transitioning to Rx.  In this scenario, only one ON/ON transient period is needed. 
A set of system level simulations was performed to quantify the impact of scheduling SRS (according to the three scenarios described above) on network performance.  Table 1 below provides the simulation assumptions.
Table 1: Example demodulation test setup SNR calculation parameters for band n263
	Parameter
	Value
	Comment

	Network layout
	hexagonal grid, 19 macro sites, 3 sectors per site with wrap around (TR38.803)
	1. 10 users per sector
2. 570 users per trial
3. 100 trials

	Inter-site distance (ISD)
	100 m
	

	Path loss model
	UMa-LOS
	TR38.803; atmospheric absorption not modeled

	Channel bandwidth
	UL: 400 MHz
DL: 400 MHz
	Symmetric

	f
	64 GHz
	

	UE antenna topology
	4x1 antennas
2 panels
	

	UE max output power
	6.5 dBm
	



Assuming a 5 us ON/ON transition time, distributions of UL throughput were generated across all users and all trials.  To summarize the data, percent throughput loss due to the SRS configuration (either Scenario 2 or Scenario 3) relative to Scenario 1 (no SRS) was calculated.  Table 2 below illustrates the results.
Table 2: Example demodulation test setup SNR calculation parameters for band n263
	SCS (kHz)
	Scenario
	Average TPT loss due to SRS configuration
	95%-tile TPT loss due to SRS configuration

	480
	No SRS
	
	

	
	Arbitrary SRS
	44.1%
	43.8%

	
	SRS at Tx/Rx boundary
	25.2%
	25.0%

	960
	No SRS
	
	

	
	Arbitrary SRS
	40.2%
	40.7%

	
	SRS at Tx/Rx boundary
	22.1%
	22.2%



[bookmark: _Toc92680370]Observation 2:	Loss of throughput due to arbitrary SRS configurations ranges from 45% (at 480 kHz SCS) to 40% (at 960 kHz SCS).
[bookmark: _Toc92680371]Observation 3:	Alignment of SRS with the Tx/Rx boundary improves loss of throughput by nearly a factor of 2.
We performed the same set of simulations with an ON/ON transition time of 2 us, with the results summarized in Table 3 below.
	SCS (kHz)
	Scenario
	Percent TPT loss due to SRS configuration
	Percent TPT loss due to SRS configuration

	480
	No SRS
	
	

	
	Arbitrary SRS
	37.8%
	37.5%

	
	SRS at Tx/Rx boundary
	18.9%
	18.8%

	960
	No SRS
	
	

	
	Arbitrary SRS
	25.4%
	30.2%

	
	SRS at Tx/Rx boundary
	14.8%
	19.7%



[bookmark: _Toc92680372]Observation 4:	Loss of throughput due to arbitrary SRS configurations with a 2 us ON/ON transition time improves comparied to the 5 us case and still exceeds the SRS at Tx/Rx boundary solution compared to the 5 us case.
Considering the wide bandwidth available to FR2-2, the uplink behavior of UEs is expected to be characterized by short wide-band bursts, as the UEs clear their uplink buffers quickly.  Inserting SRS allocations, where the UE is expected to radically change the Tx bandwdith and power control in a PUSCH -> SRS -> PUSCH transition can be highly inefficient and can lead to significant degradation in system performance.  The more efficient mitigation of SRS impact is to schedule SRS opportunities in alignment with the Tx/Rx boundary.  In our understanding, the network scheduler should be able to accomplish this without the specification of any new requirements.
[bookmark: _Toc92667844][bookmark: _Toc92677604][bookmark: _Toc92678006][bookmark: _Toc92680374]Proposal 2:	The motivation to reduce the ON/ON transition time for 480/960 kHz SCS does not seem well justified, given the potential for the network scheduler to mitigate the impact of scheduling SRS on overall network performance.
...
3	Conclusions
This contribution provides our views on the remaining issues with transient requirements for FR2-2 with the following observations and proposals:
Observation 1:	In terms of RF hardware control timelines, leveraging of FR2 based implementations implies reusing FR2 requirements on switching between DL and UL as well as Tx/Rx beam switching delays.
Observation 2:	Loss of throughput due to arbitrary SRS configurations ranges from 45% (at 480 kHz SCS) to 40% (at 960 kHz SCS).
Observation 3:	Alignment of SRS with the Tx/Rx boundary improves loss of throughput by nearly a factor of 2.
Observation 4:	Loss of throughput due to arbitrary SRS configurations with a 2 us ON/ON transition time improves comparied to the 5 us case and still exceeds the SRS at Tx/Rx boundary solution compared to the 5 us case.

Proposal 1:	Beam direction-only switching time assumption should be defined to be 200 nsec, and no UE capability is necessary for this parameter.
Proposal 2:	The motivation to reduce the ON/ON transition time for 480/960 kHz SCS does not seem well justified, given the potential for the network scheduler to mitigate the impact of scheduling SRS on overall network performance.
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Examples of SRS scheduling impact (480 kHz)
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