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1 Introduction
In RAN4 #93 meeting, way forward on Tx switching between two uplink carriers was agreed in [1]. The agreement on switching period and transient period is cited as below for convenience. Regarding the switching period there are 4 candidate values i.e. 0us, 35us, 140us, 250us to accommodate different UE implementations. In this document we discuss the potential gain of large switching periods i.e. 140us and 250us. 
WF on switching period and transient period
· Transient period
· Define transient period in addition to the switching period
· Length of transient period: 2x10 us for UL CA and SUL, 10 us + 20 us for EN-DC
· Length of UL switching period for defining UE RF requirements:
· Non-zero value
· Option A: {35us, 140 us, 250us} or {1, 4, and 7} OFDM symbols for 30kHz SCS
· Option B: {35us, 140 us} or {1, 4} OFDM symbols for 30kHz SCS
· Option C: only 35us
· FFS whether to define 0us switching period

2 Discussion
The switching overhead and gain/loss had been extensively discussed in [2]. Assume a 30 kHz SCS higher band NR TDD (e.g. 3.5 GHz) operating a 5 ms DDDSUDDSUU TDD pattern with 10:2:2 switching slot, switching time absorbed by higher band NR TDD UL, the switching overhead and overall gain/loss was calculated as below [2]. It was observed that total switching time of 140+10us provides marginal gain (+7%), and 250us or larger result in performance loss (-21% and -36%).
Table: switching overhead and overall gain/loss for DDDSUDDSUU TDD pattern (data from [2])
	TDD pattern
	35 us
	35+10 us
	140 us
	140+10 us
	250 us
	250+10 us
	Total number of PUSCH symbols

	Switching overhead in symbols for different switching times 
	2
	4
	8
	12
	20
	24
	42

	Overall gain/loss on the TDD uplink from switching, assuming 50% gain from UL MIMO
	43%
	36%
	21%
	7%
	-21%
	-36%
	

	Calculation methods
	Assume 250us, gain/loss = (42-20)*150%/42-1 = -21%



we noticed that the calculation assume 50% gain from UL MIMO and UE switches twice in every 5ms, as shown in below figure[2]. In the rest of this document, we discuss the possibility to relieve these two assumptions and find potential performance gains for large switching periods e.g. 250us.
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Figure 1: Switched UL with 250 us switching time; switch gap on TDD UL (from [2])
(1) Gain from UL MIMO
Gain of UL MIMO depends on link operating point e.g. SINR. The MIMO vs non-MIMO gain is higher for UE with higher SNR. In extreme case, UL MIMO can achieve almost 100% gain vs non-MIMO e.g. for cell center UE as shown in below figure 1. This is consistent with the observation in [2] that the UL MIMO gain of mean UE spectral efficiency is 50% from system level simulation with 10 UEs per cell.
Figure1: UL MIMO-Link level Simulation 
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Table 1: UL MIMO simulation assumptions
	Wireless  channel
	TDL-A,    delay spread=100ns

	Numerology
	SCS=15kHz

	Antenna configurations
	BS：4 Rx(low correlation)     
UE： 1Tx  or   2Tx (full  coherence)

	Channel estimation
	Based on  MMSE filter

	DMRS 
	Type1,   1 DMRS OS for 3km/h

	Equalizer
	LMMSE

	Adaptation
	RI\PMI\AMC  are enabled
based on SRS (40ms)

	Scheme
	Transmission Based on  Rel15  UL codebook



According to the ongoing discussion in RAN1, Tx switching is supposed to be activate/deactivate by RRC parameter [3]. Assume NodeB activate a high SINR UE which is capable of achieving 90% gain from UL MIMO, then for this particular UE, the calculation of overall switching gain/loss for 250us delay becomes gain/loss = (42-20)*190%/42-1 = 0%. i.e. no performance loss anymore.
Observation 1: overall gain/loss of switching depends on UL MIMO gain. The performance can be improved by activating the Tx switching function for UE with high UL MIMO gain which can be handled be BS scheduling.
(2) UE switches twice in every 5ms
For system performance perspective, it is not necessary for every UE to transmit continuously in every time occasion/slot, i.e. UE is not necessary to switch twice in every 5ms in the discussed DDDSUDDSUU TDD pattern. Assume a UE switches once in every 10ms (According to the ongoing discussion in RAN1, this can be controlled by DCI or reference DL/UL configuration [3]). 
Then the gain of TDD NR 2Tx vs 1Tx with 250us switching time becomes gain/loss = (2*42-10)*150%/(2*42)-1 = 32%. In high band TDD + low band FDD case, bandwidth of TDD can be 10 times of low band FDD i.e. 100MHz vs 10 MHz. therefore the gain of high band TDD is the dominant factor. 
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Figure 1: Switched UL with 250 us switching time; switch gap on TDD UL, switch once in every 10ms 
Observation 2: overall gain/loss also depends on the frequency of switching. Lower frequency can reduce the switching overhead and achieve higher gain.
Above discussion shows that large switching time like 250us can still achieve significant gain under certain scenario. Therefore we propose:
Proposal: switching time up to 250us/250+10us can be considered if it is justified by capability of certain UE implementation. 
3	Conclusions
In this contribution, we discuss the potential gain of large switching periods.
Observation 1: overall gain/loss of switching depends on UL MIMO gain. The performance can be improved by activating the Tx switching function for UE with high UL MIMO gain which can be handled be BS scheduling.
Observation 2: overall gain/loss also depends on the frequency of switching. Lower frequency can reduce the switching overhead and achieve high gain.
Proposal: switching time up to 250us/250+10us can be considered if it is justified by capability of certain UE implementation. 
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