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1. Introduction
In RAN4#90, signaling to the basestation (BS) of the UE transient time capabilities with 1µs granularity has been proposed for “normal SRS/PUSCH/PUCCH” and consecutive short sub-slot transmissions in FR1 and FR2 [1]. This contribution proposes a discrete range of switching transient capabilities as an optional signaling for Release 16 UEs for “normal SRS/PUSCH/PUCCH”, consecutive short sub-slot and “SRS antenna switching” transmissions in FR1.
2. Discussion
A 1µs granularity transient time UE capability signaling has been proposed for Release 16 UE for “normal SRS/PUSCH/PUCCH” and consecutive short sub-slot transmissions in FR1 and FR2 [1]. The motivation was driven by allowing BS to avoid symbol blanking if the UE is capable of supporting much smaller transient times than currently specified. Simulation data showed SNR gains using operation in FR1 at SCS 15kHz. This contribution presents an alternative proposal to extend the signaling capability for operation in FR1 to also cover the case of SRS antenna switching. It is believed that the 1µs granularity proposed in [1] is un-necessary. We propose instead 3 discrete values as we believe benefits are only relevant when the UE is capable of achieving significant step improvements with regard to OFDM symbol length. As such, this optional capability is proposed to be reported per band of operation. Such feature is considered as a key enhancement to performance for uRLLC and NR-V2X UEs.
Observation 1: Only a set of relevant discrete UE transient times needs to be signalled to the BS. 1µs capability reporting granularity is unnecessary.
Observation 2: Discrete UE transient time signaling to BS is only intended for URLLC and NR-V2X Release 16 UEs.

Observation 3: Discrete UE transient time signaling to BS is a per-band optional feature. 
Table 1 below summarizes the specified transient times and symbol blanking related to “normal SRS/PUSCH/PUCCH” transmissions and “SRS antenna switching transmissions”. 
Table 1 Summary of Transient Time Requirements for FR1 and FR2 vs SCS and Specified Symbol Blanking From 38.101 (SRS/PUSCH/PUCCH operation) and 38.214 (SRS antenna switching).
	 
	SCS
	SRS/PUSCH/PUCCH
	SRS antenna switching

	
	(kHz)
	Transient (µs)
	Blanking
(symbol)
	Transient (µs)
	Blanking
(symbol)

	FR1
	15
	10
	n-a
	15
	1

	
	30
	
	
	
	1

	
	60
	
	1
	
	1

	FR2
	60
	5
	n-a
	not specified
	1

	
	120
	
	1
	
	2


To estimate what is the minimum number of discrete UE transient time values that would significant impact of system performance, we reproduce in Table 2 below a modified version of Table 1 from [1] in which we include the duration of the cyclic prefix for each SCS and add a column for “SRS antenna switching” transmissions. The default transient times are 15 µs for SRS antenna switching, 10 µs and 5 µs for “normal” transmissions in FR1 and FR2. The extra 5 µs for the case of SRS antenna switching was allowed to accommodate RF antenna switching times. It can be seen due to the impact of OFDM symbol length, symbol blanking in FR1 is un-avoidable for such UEs.
Table 2 OFDM Symbol Impairment vs UE Transient Times for “Normal SRS/PUSCH/PUCCH” and “SRS antenna switching” Transmissions.
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15 5.21 4.69 71.35 10 14 5 7 15 21

30 2.86 2.34 35.68 10 28 5 14 15 42

60 1.69 1.17 17.84 10 56 5 28 15 84

60 1.69 1.17 17.84 5 30 FFS FFS FFS FFS

120 1.11 0.59 8.92 5 60 FFS FFS FFS FFS
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For “normal SRS/PUSCH/PUCCH”, link level simulations in [1] showed that using 5 µs transient time at 15kHz SCS leads to approximately 1dB and 2dB SNR improvement for 16QAM and 64 QAM transmissions in FR1. 5 µs transient time represents 7% and 14% OFDM symbol lost at 15 and 30kHz SCS respectively. We observe that baseline agreement also represents 14% symbol lost at 15KHz SCS for “normal SRS/PUSCH/PUCCH” transmissions. Finally, we also note that for an UL MIMO capable UE, for which UL MIMO is not configured, it is possible to achieve 0 µs transient time capability for both normal SRS/PUCCH/PUSCH and SRS antenna switching transmissions in FR1. 
Observation 4: 5 µs transient time leads to significant gains at 15kHz and provides same level of symbol impairment at 30kHz than the default 10 µs at 15kHz SCS.
Observation 5: It is possible for an UL-MIMO capable UE that is not configured for UL MIMO transmissions to support 0 µs transient times.

Therefore, we make the following proposal:

Proposal 1: For “normal SRS/PUSCH/PUCCH” and consecutive short sub-slot transmissions in FR1, an optional UE signaling capability per band is proposed with the following three discrete values: 0, 5, 10 µs, with 10 µs remaining the default value. Values for FR2 are FFS.
To account for extra switching time due to RF front-end, we make the following proposal:
Proposal 2: For “SRS antenna switching” transmissions in FR1, an optional UE signaling capability per band is proposed with the following three discrete values: 5, 10,15 µs, with 15 µs remaining the default value. Values for FR2 are FFS.

3. Conclusions

Introducing UE transient time signaling capability for UEs capable of smaller transients than currently specified can be beneficial to overall system performance for uRLLC and NR-V2X Release 16 UEs. In this contribution we make the following observations:

Observation 1: Only a set of relevant discrete UE transient times needs to be signalled to the BS. 1µs capability reporting granularity is unnecessary.
Observation 2: Discrete UE transient time signaling to BS is only intended for URLLC and NR-V2X Release 16 UEs.

Observation 3: Discrete UE transient time signaling to BS is a per-band optional feature.

Observation 4: 5 µs transient time leads to significant gains at 15kHz and provides same level of symbol impairment at 30kHz than the default 10 µs at 15kHz SCS.

Observation 5: It is possible for an UL-MIMO capable UE that is not configured for UL MIMO transmissions to support 0 µs transient times.

With following proposals:

Proposal 1: For “normal SRS/PUSCH/PUCCH” and consecutive short sub-slot transmissions in FR1, an optional UE signaling capability per band is proposed with the following three discrete values: 0, 5, 10 µs, with 10 µs remaining the default value. Values for FR2 are FFS.

Proposal 2: For “SRS antenna switching” transmissions in FR1, an optional UE signaling capability per band is proposed with the following three discrete values: 5, 10,15 µs, with 15 µs remaining the default value. Values for FR2 are FFS.
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