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Introduction
[bookmark: _Hlk510705081]RAN#85 approved a revision to the WID for RF requirements for NR frequency range 1 with the following update to the objectives [1]:
	· Specify UE requirements to allow switching between case 1 and case 2 as below for two uplink carriers case inter-band EN-DC without SUL, inter-band UL CA and standalone SUL for UE supporting maximum two concurrent transmission 
	Case 1 
	1 Tx on carrier 1 and 1 Tx on carrier 2

	Case 2 
	0 Tx on carrier 1 and 2 Tx on carrier 2 



· UE RF requirements, e.g., time mask RF requirements and other necessary RF requirements if any
· The options agreed at RAN4 #92 in R4-1910531 can be considered as starting point
· Study if there are any impact to interruption and delay requirements, and specify the RRM requirements if needed
· RAN1 will further study by Dec 2019 if there are any RAN1 potential impacts based on RAN4 LS if any
· No new TDM pattern will be defined, i.e. scheduling-based switching is assumed. 
· Finalization of RAN4 requirements and approval of RAN4 CRs shall be based on RAN1 LS  
· Strive to minimize RAN1 impact. 
· Strive to achieve no impact to RAN1 E-UTRAN spec 
· Strive to avoid defining location of switching period impacting RAN1 spec 
· Define per band per band combination or per band combination UE capability signaling if needed
Note 1: Only addressing the case of co-located and synchronized network deployment for the two UL carriers
Note 2:  Only addressing the case of single TAG for the two UL carriers for SUL and for UL CA
Note 3:  The above objectives will not relax the existing requirements specified in Rel-15 38.101-3 for band combinations allowing single uplink transmission
Note 4: The UE is configured with two different uplink carrier frequencies.



In the RAN4#92bis meeting the following agreements were made and informed to RAN1 in [6]:
	
As a result of the discussion, RAN4 reached the following consensus:
· RAN4 recommendation on the length of UL switching period for defining UE RF requirements and capability reporting:
· [0]us, 35us, 140 us, [250]us
· RAN4 will decide whether 250us will be defined based on UE implementation in RAN4 #93 meeting.
· 0us cannot be achieved with the UE implementation of 2 Tx chains in total. RAN4 will decide whether 0us will be defined from RF requirements and/or capability reporting perspective for forward compatibility in RAN4 #93 meeting.
· The same length of switching period for switching from case 1 to case 2 and from case 2 to case 1.
· RAN4 does not preclude the possibility of down-selecting to the single value (e.g., one non-zero value) due to BS complexity issue and system performance.
· RAN4 does not preclude the possibility of introducing UE capability bit to allow different UE implementation. 
· Existing RAN4 requirements will be not impact by introducing of the length of UL switching period
· RAN4 agreement on the location of the switching period
· For EN-DC: in NR carrier
· For UL CA and SUL: semi-statically configured by RRC on one specific carrier of the two uplink carriers
· RAN4 agreement on the transient period
· Define transient period in addition to the switching period
· Length of transient period: 10 us for NR, 20 us for E-UTRA
· Additional time for PUSCH preparation procedure
· A potential issue was raised in RAN4 that UL switching period may impact PUSCH preparation procedure time.
· RAN4 can continue discussing on whether the PUSCH preparation time can happen in parallel with the switching time, based on the UE implementation.




In this contribution we provide further analyses on the system impacts for different UE switching times. We also discuss what type of UE requirements are needed and what capabilities UE needs to support.

Gain potential and system impact analyses
UL MIMO gain
[bookmark: _Hlk24018463]First we establish the uplink MIMO gain potential over single antenna operation. The simulation is done assuming a 200 m ISD and with no link adaptation estimation or feedback errors. The mean UE throughput gain is ~50%, and in larger ISDs and/or in the presence of practical link adaptation impairments we can assume the gain to be smaller. Hence within this Tdoc we assume UL MIMO gain of 50% to be an upper bound.
Table 1: Simulation assumptions
	Carrier frequency
	4 GHz

	Simulation bandwidth
	100 MHz

	ISD
	200 m

	Channel model
	5G-UMa

	UE Tx power
	23 dBm

	UE Tx antennas
	1 without MIMO, 2 with MIMO

	gNB Rx antennas
	64

	Traffic type
	Full buffer

	Number of UEs per cell
	10

	MIMO type
	SU-MIMO
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Figure 1: Mean UE spectral efficiency
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Figure 2: Cell spectral efficiency



Observation 1: 50% gain from uplink MIMO can be considered an upper bound when gauging the gain potential of the uplink Tx switching solutions.

Switching loss
RAN4 defined a set of possible switching times [0], 35, 140 and [250] us but also agreed to consider further down-selection to a single value due to BS complexity and system performance reasons. RAN4 also agreed to add transient period on top of the switching period; 10 us for NR and 20 us for E-UTRA. Next we analyse how different switching times impact system performance and how significantly additional transient period may further degrade the performance.  
Let us assume a 15 kHz SCS lower band FDD (e.g. 2.1 GHz) and a 30 kHz SCS higher band TDD (e.g. 3.5 GHz) operating a 5 ms DDDSUDDSUU TDD pattern with 10:2:2 switching slot. The RAN4 LS to RAN1 [6] indicates switching time values of 35, 140 and [250] us with additional 10 or 20 us transient depending on whether the FDD carrier is NR or LTE. Figure 3 illustrates the reference case and figure 4 the switched Tx case assuming 35 us switching time. Additionally Figures 5 and 6 illustrate 140 and 250 us switching times, respectively.
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Figure 3: Reference case of 1 Tx on the TDD UL (DDDSUDDSUU) and continuous Tx on the FDD UL
	[image: ]
	(a)
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	(b)


Figure 4: Switched UL with 35 us switching time; (a) switch gap on FDD UL, (b) switch gap on TDD UL
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	(a)
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	(b)


Figure 5: Switched UL with 140 us switching time; (a) switch gap on FDD UL, (b) switch gap on TDD UL
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Figure 6: Switched UL with 250 us switching time; (a) switch gap on FDD UL, (b) switch gap on TDD UL
The above figures do not take into account the additional 10 or 20 us transient to be added to the switching time that lead to one additional symbol per switch being lost when one time transient period is assumed. In practice, transient periods are two-sided. Assuming 42 PUSCH symbols for DDDSUDDSUU pattern, and 14 PUSCH symbols for DDDSU pattern we can derive the following overhead figures assuming that the S-slot does not carry any PUSCH, and somewhat optimistically assuming all the other UL slots are 100% PUSCH:
Table 2: Switching overhead in symbols for different switching times when switch absorbed by the TDD UL
	TDD pattern
	35
us
	35+10 us
	140
us
	140+10 us
	250 
us
	250+10 us
	Total number of PUSCH symbols

	DDDSUDDSUU
	2
	4
	8
	12
	20
	24
	42

	DDDSU
	1
	2
	4
	5
	10
	12
	14



Table 3: Overall gain/loss on the TDD uplink from switching, assuming 50% gain from UL MIMO
(The loss on the FDD uplink not accounted for)
	TDD pattern
	35
us
	35+10 us
	140
us
	140+10 us
	250 
us
	250+10 us

	DDDSUDDSUU
	43%
	36%
	21%
	7%
	-21%
	-36%

	DDDSU
	39%
	29%
	7%
	-4%
	-57%
	-79%



Observation 2: The potential gain from UL MIMO on the TDD uplink diminishes fast when the switching gap length increases.
Observation 3: The additional 10 us switching transient is having a large additional impact. 
Considering that gain potential from UL carrier switching is rather limited (or even loss) with switching periods larger than 35 us even when rather high UL MIMO gain of 50% is used, we see that it is important to further limit allowed UL swithing periods. From the system operations and network implementation perspective it is also difficult to have separate implementations and optimizations for different UE switching capabilities, which would also have very different implications on the system. Therefore, we see that only single swithing period should be allowed by the specifications and this single value is used for defining the UE minimum requirements for FR1 UL carrier switching. Furthermore, this single switching period should also include all necessary UE transient periods as discussed further in the next section.
Proposal 1: 35 us is the only switching duration that should be allowed and this single switching period is used for the UE minimum requirements (i.e. no separate capability for different switching periods).
UE requirements and feature support

UE UL MIMO support
As discussed in the previous sections, UE switching between two FR1 NR UL carries will have noticeable performance degrations especially if long swithing times are allowed. To compensate these losses and make it possible to achieve UL MIMO gains, which were used a a motivation to allow switching, it is important that UE indicating need for switching also supports all the UL MIMO related features, at least the ones already specified in Rel-15. Thus, the UE is required to indicate support at least for the following UE capabilities defined in TS38.306 if it indicates need for switching between two NR FR1 UL carriers (for supporting UL MIMO):

	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	maxNumberMIMO-LayersCB-PUSCH
Defines supported maximum number of MIMO layers at the UE for PUSCH transmission with codebook precoding. UE indicating support of this feature shall also indicate support of PUSCH codebook coherency subset. This feature is not supported for SUL.
	FSPC
	No
	No
	No

	maxNumberMIMO-LayersNonCB-PUSCH
Defines supported maximum number of MIMO layers at the UE for PUSCH transmission using non-codebook precoding. This feature is not supported for SUL.
UE supporting non-codebook based PUSCH transmission shall indicate support of maxNumberMIMO-LayersNonCB-PUSCH, maxNumberSRS-ResourcePerSet and maxNumberSimultaneousSRS-ResourceTx together.
	FSPC
	No
	No
	No



Proposal 2: UE indicating support for UL carrier switching between two NR FR1 UL carriers is required to support at least all the Rel-15 UL MIMO features and thus, indicates support for the corresponding UE capabilities.

DL reception
RAN4#92bis discussed handling of DL reception when UL carrier switching is done. The following options were listed in the WF [7]
· Option 1: Define different capabilities for UEs with and without DL reception interruption
· Option 2: DL reception interruption is not allowed
· Option 3: DL reception interruption is allowed
· Other options are not precluded.

If switching between UL carriers creates interruptions to DL reception, it has to taken into account in the physical layer design as the basic operations like DL CA operations would also be impacted. This type of impact would also need to be accounted in the RAN1 specifications similarly as UL switching delay. In order to avoid further system complicatons and DL performance losses, we see that the option 2 (DL reception interruption is not allowed) is the only feasible way forward.

Proposal 3: No interruptions are allowed for DL reception due to UL carrier switching.


UE RRM requirements
UL carrier switching between two NR FR1 UL carriers should not allow any relaxation to the existing UE RRM requirements. The UE RRM requirements are defined based on UE’s DL measurements and operations as as the DL operations should not be impacted, no relaxations to UE RRM requirements in TS38.133 should be allowed. 

Proposal 4: No relaxations are allowed for UE RRM requirements in TS38.133 due to switching between two NR FR1 UL carriers.


PUSCH preparation procedure
In the last RAN4#92bis meeting some companies indicated that UL switching could impact PUSCH preparation procedure time. UL carrier switching should only impact UE RF requirements and especially UE TX RF requirements. Therefore, there should not be any need for further relaxation in PUSCH preparation delays including aspects like memory fetch and LDPC encoding- PUSCH prepration should happen independently from UE TX RF switching and therefore PUSCH preparation should be possible in parallel to UE Tx RF switching.

Proposal 5: Apart from UE RF switching time requirements no further relaxtion related to UE UL data transmission should be allowed i.e. no further delays allowed for PUSCH preparation procedures.


Location of the switching period
RAN4#92bis made the following agreements for the location of the switching period:
–	For EN-DC: in NR carrier
–	For UL CA and SUL: semi-statically configured by RRC on one specific carrier of the two uplink carriers

As the switching period for UL CA and SUL can be located on either one of the NR FR1 UL carriers based on network control, the UE UL switching requirements needs to be defined so that both cases over covered i.e. the switching time is part of the UL carrier with UL MIMO transmission e.g. NR TDD at 3.5 GHz or NR FDD at 2.1 GHz with single UL transmission. In our view the switching period should be at the beginning and at the end of the UL phase of the TDD pattern e.g. on NR TDD carrier at 3.5 GHz. as illustrated in Figure 7 below. Furthermore the UE switching requirements should be defined so that one single switching delay includes both the switching and transient period.  

[image: ]

[bookmark: _Ref24028644]Figure 7: Location of the switching gap


Furthermore the UE reuqirements should also be defined in such manner that if there is no 2-port transmission like UL MIMO e.g. only single stream transmission is scheduled, no switching gap is allowed either i.e. switching delay is only allowed when 2-port transmission like UL MIMO is used in the UL transmission. Also no switching gap is allowed when there is no PUSCH transmission on the ‘UL MIMO’ carrier.

[image: ]
Figure 8: No UE switching delay allowed when 2-port transmission is not used.

Proposal 6: UE switching delay requirements are defined so that the requirements verify that UE supports switching gap being located on either one of the NR FR1 UL carriers.

Proposal 7: UE switching delay requirement is defined so that it includes both the switching delay and transient period 

Proposal 8: For NR TDD carrier the switching period is defined to be be at the beginning and at the end of the UL phase of the TDD pattern.
 
Proposal 9: UE switching delays are only allowed when 2-port transmission is used and PUSCH is transmitted. Otherwise, no swithing relaxations are allowed (i.e. no switching delay is allowed when single stream transmission is scheduled or no PUSCH is transmitted on the ‘UL MIMO’ carrier).
Conclusions
In this contribution we have provided further analyses on system impacts and gain potentials for different UE switching times and assuming rather optimistic UL MIMO gain of 50%. In the contribution we make the following observations and proposals for progressing the work in RAN4.
Observation 1: 50% gain from uplink MIMO can be considerd an upper bound when gauging the gain potential of the uplink Tx switching solutions.
Observation 2: The potential gain from UL MIMO on the TDD uplink diminishes fast when the switching gap length increases.
Observation 3: The additional 10 us switching transient is having a large additional impact.
Proposal 1: 35 us is the only switching duration that should be allowed and this single switching period is used for the UE minimum requirements (i.e. no separate capability for different switching periods).
Proposal 2: UE indicating support for UL carrier switching between two NR FR1 UL carriers is required to support at least all the Rel-15 UL MIMO features and thus, indicates support for the corresponding UE capabilities.

Proposal 3: No interruptions are allowed for DL reception due to UL carrier switching.

Proposal 4: No relaxations are allowed for UE RRM requirements in TS38.133 due to switching between two NR FR1 UL carriers.

Proposal 5: Apart from UE RF switching time requirements no further relaxation related to UE UL data transmission should be allowed i.e. no further delays allowed for PUSCH preparation procedures.

Proposal 6: UE switching delay requirements are defined so that the requirements verify that UE supports switching gap being located on either one of the NR FR1 UL carriers.

Proposal 7: UE switching delay requirement is defined so that it includes both the switching delay and transient period. 

Proposal 8: For NR TDD carrier the switching period is defined to be be at the beginning and at the end of the UL phase of the TDD pattern.

Proposal 9: UE switching delays are only allowed when 2-port transmission is used and PUSCH is transmitted. Otherwise, no swithing relaxations are allowed (i.e. no switching delay is allowed when single stream transmission is scheduled or no PUSCH is transmitted on the ‘UL MIMO’ carrier). 
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