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1	Introduction 
The Rel-16 FR2 RF work item includes the following scope related to non-simultaneous transmission for intra-band non-contiguous UL CA in FR2 [1]:

-	Phase 1: Study if both simultaneous UE transmission on aggregated UL carriers and non-simultaneous transmission on aggregated UL carriers with UE switching between two non-contiguous carriers could and should be specified. Study potential impacts of non-simultaneous transmission on RAN1 and/or RAN2 specifications
-	Phase 2: Define FR2 UE requirements for non-contiguous intra-band UL CA based on the outcome of the Phase 1 study
Prior to defining FR2 UE requirements in TS38.101-2 [2] for UEs supporting non-simultaneous UL (NSU) in non-contiguous FR2 carriers in Phase 2, the feasibility of the proposed feature needs to be confirmed (Phase 1).

During the RAN2 meeting initial views on non-simultaneous UL were presented by companies in [3], [4].  Agreements related to NSU did not yet capture RAN4 ensorsement of the feasibility of the feature but are nonetheless useful to track.  In the WF on non-contiguous UL in FR2 [5]:
IBE, EVM
Figure 1: EVM, IBE Evaluation for FR2 NC CA
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-	EVM, IBE requirements for simultaneous intra-band contiguous CA are defined with all CCs active and configured with PRB allocation only applied on the PCC and no PRB allocation applied on other CCs per subclause 6.5.2A [4].
	-	Whether all CCs can be assumed to be active is FFS for non-simultaneous UL NC CA
-	PCC with PRB allocation, SCC and other CCs without PRB allocation
A further related agreement was captured in the RAN4 Chairman’s minutes [6]:
R4-1908166	On FR2 Intra-band NC ULCA
					38.101-2	  CR-  rev  Cat:  (Rel-16) v
					Source: Qualcomm Incorporated
Abstract: 
We outline a work plan and discuss two variants of NC UL CA
Discussion: 
Intel: Frequency separation class, DL is 2400MHz. How about UL? Some latency requirements are necessary.
Apple: Switching time needs to be discussed further. For work plan, we wonder if we can finish SI phase in Oct. For P1 and P2, yes, we do need some signalling mechanism discussion in the future meetings.
Qualcomm: We do not have intention to change the definition. We are not suggesting to specify 0 s but we propose to not specify it. We did not address separation class for UL.
Agreement: For simultaneous transmission, frequency separation is up to 1400MHz.
This contribution provides the analysis to confirm the feasibility of carrier switching to support non-simultaneous uplink of non-contiguous carriers, proposes to conclude the Phase 1 of the related study by confirming the feature’s feasibility, and recommend further study into the case of UL carrier group switching.
2	Discussion 
2.1	A brief review of the BWP switching framework
The bandwidth part (BWP) switching framework is a set of system parameters which enables flexible bandwidth operation by the BS and UE in NR.  The BWP switching scenario were defined in [7], [8] and include the following:

The bandwidth part (BWP) switching delay for the following 4 BWP reconfiguration scenarios was agreed in an LS out in R4-1803283 as summarized in the table below:
-	Scenario 1: The reconfiguration involves changing the center frequency of the BWP without changing its BW. The reconfiguration may or may not involve changing the SCS.
-	Scenario 2: The reconfiguration involves changing the BW of the BWP without changing its center frequency. The reconfiguration may or may not involve changing the SCS.
-	Scenario 3: The reconfiguration involves changing both the BW and the center frequency of the BWP. The reconfiguration may or may not involve changing the SCS.
-	Scenario 4: The reconfiguration involves changing only the SCS, where the center frequency and BW of the BWP remain unchanged.
Figure 1 below illustrates the scenarios graphically.
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Figure 1: BWP switching scenarios [7], [8]
The BWP switching delays were quantified for each scenario based on an analysis of LO retuning, RF and BB configuration for the BW, and RF and BB configuration for the SCS and are summarized in Table 1 below.
Table 1: BWP switching delay parameters [7]
	Frequency Range
	Scenario
	Type 1
Delay (us)
	Type 2
Delay (us)
	Comment

	1
	1
	600
	2000
	

	
	2
	600
	2000
	

	
	3
	600
	2000
	

	
	4
	400
	950
	No delay required from the RF perspective

	2
	1
	600
	2000
	

	
	2
	600
	2000
	

	
	3
	600
	2000
	

	
	4
	400
	950
	No delay required from the RF perspective



The relevant RAN1 agreements on BWP switching are [10]:

A UE is not expected to receive DL signals or transmit UL signals during the transition time of active DL or UL BWP switch
o	For DCI-based active BWP switch, from RAN1 perspective, the transition time of active DL or UL BWP switch is the time duration from the end of last OFDM symbol of the PDCCH carrying the active BWP switch DCI till the beginning of a slot indicated by K0 in the active DL BWP switch DCI or K2 in the active UL BWP switch DCI
o	For timer-based active BWP switch, from RAN1 perspective, the transition time of active DL or UL BWP switch is the time duration from the beginning of the subframe (FR1) or from the beginning of the half-subframe (FR2) immediately after a BWP timer expires till the beginning of a slot UE is able to receive DL signals or transmit UL signals in the default DL BWP for paired spectrum or the default DL or UL BWP for unpaired spectrum
These agreements have subsequently been captured in Clause 12 of TS38.213 [11].
The RAN4 RRM specification has defined the BWP switch requirement in Clause 8.6 of TS38.133 as follows [12]:
Table 1: BWP switch delay [12]
	μ
	NR Slot length (ms)
	BWP switch delay TBWPswitchDelay (slots)

	
	
	Type 1Note 1
	Type 2Note 1

	0
	1
	1
	3

	1
	0.5
	2
	5

	2
	0.25
	3
	9

	3
	0.125
	6
	18

	Note 1:	Depends on UE capability.
Note 2:	If the BWP switch involves changing of SCS, the BWP switch delay is determined by the larger one between the SCS before BWP switch and the SCS after BWP switch.



The BWP switching delay capability is defined in TS38.306 [13]:

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

	bwp-SwitchingDelay
Defines whether the UE supports DCI and timer based active BWP switching delay type1 or type2 specified in clause 8.6.2 of TS 38.133 [5]. It is mandatory to report type 1 or type 2.
	UE
	Yes
	No
	No



2.2	Non-simultaneous uplink with a single carrier
As outlined in [3], a UE may implement a single Tx RF chain to support non-simultaneous operation in non-contiguous carriers by retuning the center frequency and bandwidth from the active BWP in CC1 to the active BWP in CC2.  A carrier switching delay for this case consists of LO retuning, RF and BB configuration for the BW, and RF and BB configuration for the SCS configuration.  The scenario is illustrated in Figure 2 below.

[image: ]
Figure 2: Non-simultaneous uplink with a single carrier
From an implementation prespective, the RF and BB delays associated with this carrier switching operation are well aligned with the delays already derived for the BWP switching Scenario 3 [7], [8].

[bookmark: _Toc20901661][bookmark: _Toc20901671][bookmark: _Toc20907279][bookmark: _Toc20907972][bookmark: _Toc20908022]Observation 1:	The scenario of non-simultaneous uplink with a single carrier and the BWP switching Scenario 3 share common implementation parameters, such as LO retuning, RF and BB configuration for the BW, and RF and BB configuration for the SCS.
Considering the physical layer specificaiton, as it relates to BWP switching, this framework essentially defines a scheduler restriction for the network in order to allow the UE to assume that no DL signal reception or UL signal transmission is expected for the duration of the switching operation.  This is the essential component to enable non-simultaneous uplink.

Based on this analysis, it is possible to confirm the applicability of the BWP switching framework for the scenario of non-simultaneous uplink with a single carrier.

[bookmark: _Toc13823832][bookmark: _Toc20897610][bookmark: _Toc20897777][bookmark: _Toc20901663][bookmark: _Toc20901673][bookmark: _Toc20907281][bookmark: _Toc20907973][bookmark: _Toc20908023]Proposal 1:	For scenario of non-simultaneous uplink with a single carrier, the BWP switching framework (including delays and capability) can be reused.
[bookmark: _Toc20907282][bookmark: _Toc20907974][bookmark: _Toc20908024]Proposal 2:	Based on Proposal 1, the feasibility of the scenario of non-simultaneous uplink with a single carrier can be confirmed.
2.3	Non-simultaneous uplink with a group of contiguous carriers
As described in [4], the scenario for supporting non-simultaneous uplink with a group of contiguous carriers is motivated as follows:

The limited NC ULCA on the other hand is a calculated simplification of the UE architecture while taking away some scheduling flexibility from the network. In the limited NC ULCA proposal, only contiguous CCs from a single subset BW class may be activated for UL by the network at any time. There is a possible switching time ramification as the UE with limited NC CA capability reconfigures itself when the network reassigns which UL CCs are active.
This scenario is illustrated in Figure 3 below.

[image: ]
Figure 3: Non-simultaneous uplink with a group of contiguous carriers
Further discussion on the feasibility of reusing the switching parameters from the non-simultaneous uplink with single carrier scenario is needed.

[bookmark: _Toc20901664][bookmark: _Toc20901674][bookmark: _Toc20907283][bookmark: _Toc20907975][bookmark: _Toc20908025]Proposal 3:	RAN4 should discuss the feasibility of introducing the scenario of non-simultaneous uplink with a group of contiguous carriers and discuss whether the switching parameters from the single carrier case can be reused.
3	Conclusions
This contribution provided the analysis to confirm the feasibility of carrier switching to support non-simultaneous uplink of non-contiguous carriers, proposed to conclude the Phase 1 of the related study by confirming the feature’s feasibility, and recommended further study into the case of UL carrier group switching.  The following observations and proposals have been made:

Observation 1:	The scenario of non-simultaneous uplink with a single carrier and the BWP switching Scenario 3 share common implementation parameters, such as LO retuning, RF and BB configuration for the BW, and RF and BB configuration for the SCS.

Proposal 1:	For scenario of non-simultaneous uplink with a single carrier, the BWP switching framework (including delays and capability) can be reused.
Proposal 2:	Based on Proposal 1, the feasibility of the scenario of non-simultaneous uplink with a single carrier can be confirmed.
Proposal 3:	RAN4 should discuss the feasibility of introducing the scenario of non-simultaneous uplink with a group of contiguous carriers and discuss whether the switching parameters from the single carrier case can be reused.
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NSU-NCC scenario (single carrier)
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NSU-NCC scenario (multiple carriers)
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- Actual Configuratior

All CC active with no PRB on CC2. PCC=CC1. EVM and IBE on CC1

All CC active with no PRB on CC1. PCC=CC2. EVM and IBE on CC2





