[bookmark: _GoBack]3GPP RAN WG4 Meeting #90	R4-1900215
Athens, Greece, February 25 – March 1, 2019	

Source:	Apple Inc.
Title:	New WID on Supplemental uplink usage of FR2 spectrum (SA and NSA)
Document for:	Information
Agenda Item:	12
3GPP™ Work Item Description
Information on Work Items can be found at http://www.3gpp.org/Work-Items 
See also the 3GPP Working Procedures, article 39 and the TSG Working Methods in 3GPP TR 21.900
Title: 	Supplemental uplink usage of FR2 spectrum (SA and NSA)
Acronym: NR_FR2_SUL 
Unique identifier: 	{A number to be provided by MCC at the plenary} 

	This WID includes a Core part
	X

	This WID includes a Performance part
	



1	Impacts
	Affects:
	UICC apps
	ME
	AN
	CN
	Others (specify)

	Yes
	
	X
	X
	
	

	No
	X
	
	
	X
	

	Don't know
	
	
	
	
	



2	Classification of the Work Item and linked work items
2.1	Primary classification
This work item is a …
	
	Feature

	X
	Building Block

	
	Work Task

	
	Study Item



2.2	Parent Work Item
	Parent Work Items 

	Unique ID
	Title

	750067
	Work Item on New Radio (NR) Access Technology



2.3	Other related Work Items and dependencies
	Other related Work Items (if any)

	Unique ID
	Title
	Nature of relationship

	800073
	Rel-16 NR intra band Carrier Aggregation for xCC DL/yCC UL including contiguous and non-contiguous spectrum (x>=y)
	Intra-band CA configurations

	800074
	Rel-16 NR inter-band Carrier Aggregation/Dual Connectivity for 2 bands DL with x bands UL (x=1, 2)
	Inter-band CA configurations

	800072
	Band combinations for SA NR Supplementary uplink (SUL), NSA NR SUL, NSA NR SUL with UL sharing from the UE perspective (ULSUP
	Sub-6 GHz FDD supplemental uplink configurations


3	Justification
The allocation of mmWave spectrum globally faces a significant challenge in terms of region-specific and nation-specific regulatory requirements to protect various uses of the spectrum, such as RADAR, astronomy, and satellite services.  The intersections of available mmWave spectrum across all or a subset of regional/national regulatory requirements result in non-contiguous frequency ranges and, consequently, are associated with complex emission requirements for optimal or aggregated usage of this spectrum in a radio access network.
In the face of these challenges, the bidirectional consumption of bandwidth, as well as efficient resource allocation via component carrier (CC) activation/de-activation in a carrier aggregation (CA) mode of operation, has motivated the prodigious increase of CA combinations in the NR FR2 specification [TS38.101-2].  As a clear example of the implementation challenges associated with FR2 CA operation, the Rel-15 FR2 UE RF specification has limited the scope of uplink CA to only intra-band contiguous scenarios with up to 800 MHz of aggregated bandwidth.  The feasibility of greater aggregated bandwidth, non-contiguous intra-band UL CA, and inter-band (FR2 + FR2) UL CA is still for further study and, given the already excessively high MPR values in the Rel-15 specification, may not conclude in the affirmative due to uplink link budget concerns.
In an effort to maintain the flexibility of CC activation/de-activation, while retaining feasible complexity of the UE implementation in terms of compliance with regulatory emission requirements, the NR RAT can be enhanced to support the use of FR2 CCs as a DL CA configuration + SUL CCs (assuming all carriers are TDD).  This allows the UE to utilize a transmit chain supporting a single carrier (or a limited number of contiguous carriers), to comply with emission requirements within a reasonable implementation complexity, and to maintain a feasible uplink link budget, such that:
-	Configuring the UE with an FR2 SUL band combinations allows the network to use Layer-1 (L1) signaling to efficiently allocate UL resources across wide contiguous spectrum (aggregated BW > 800 MHz) or non-contiguous spectrum (either intra-band non-contiguous or inter-band); the alternatives to this approach are handover or cell re-selection RRC procedures, which pose significantly longer delays
-	Because UL resource allocation in SUL bands is restricted to one SUL carrier at any time, the RF architecture which supports a single FR2 Tx path can be reused to support such band combinations
-	There exists a performance benefit in such SUL band combinations over the currently proposed FR2 UL CA (intra-band non-contiguous and inter-band) configurations in terms of maximum power reduction (MPR) needed to meet regulatory emission limits:  UEs which operate in SUL combinations should only need to meet single-carrier emission requirements, while UL CA operation involves additional (and significant) MPR, thereby reducing the available UL link budget
-	The availability of the DL CA configuration allows the network to rely on efficient RRM procedure at the UE side without any delays associated with DL carrier detection, synchronization, and SI reading. Thus, the UE can be ready to activate the needed SUL carrier in response to the appropriate DCI from the network
3GPP has identified the following use case for supplemental usage of sub-6 GHz FDD spectrum in supplemental uplink (SUL) band combinations, where:
-	For a terminal that supports SUL for the band combination specified in Table 5.2C-1, the current version of the specification assumes the terminal is configured with active transmission either on UL carrier or SUL carrier at any time in one serving cell and the UE requirements for single carrier shall apply for the active UL or SUL carrier accordingly [TS38.101-1]
This work item applies the concepts defined in the sub-6 GHz FDD SUL configurations [Work Item ID 800072] to the FR2 spectrum in order to enable the efficient utilization of non-contiguous FR2 spectrum in the uplink while maintaining a reasonable UE complexity and uplink link budget.
4	Objective
4.1	Objective of SI or Core part WI or Testing part WI
-	Define UE RF requirements for supplemental uplink operation in FR2 spectrum [RAN4]
-	Assuming the UE is configured with a corresponding DL CA configuration
-	Assuming the terminal is configured with active transmission according to the following:
-	On UL carrier or SUL carrier at any time in one serving cell
-	On contiguously aggregated UL carriers (such that aggregated BW ≤ 800 MHz) or SUL carrier at any time in one serving cell
-	Specify the FR2 SA NR SUL and FR2 NSA NR SUL configurations [RAN4]
-	Specify the fallback modes for each SUL configuration
-	Define the release independence (from which release) of each SUL configuration
-	Define the corresponding requirements on BWP configuration and activation across the SUL carriers [RAN4]
-	Aim to minimize the impact on the core physical layer specification and reuse the Rel-16 BWP configuration and activation framework with the restriction that multiple BWPs are not active across multiple FR2 SUL CCs
-	Study BWP switching delays associated with reconfiguring the RF and baseband processing and, if necessary, define the corresponding BWP switching scheduling delay requirements
-	Study and, if necessary, define the corresponding BWP switching interruption requirements
	NOTE 1: Both studies to conclude by RAN #84
	NOTE 2: If the outcome of these studies determines that additional BWP switching delay requirements or additional BWP switching interruption requirements are needed, then TS38.133 shall be added to the scope of this WID, and a performance part shall be added to this WI’s work plan
-	Define the corresponding UE capability and RRC signaling [RAN2]

FR2 SUL configurations
The tables below define the SA and NSA NR SUL configurations and list the individual configuration names, proponents, and supporting companies for each defined configuration. 
Table 4.1-1: Individual configuration names, proponents and supporting companies for SA NR SUL
	SA SUL configuration

	REL-indep.
from
	contact
name, company
	contact
email
	other supporting companies
(min. 3)
	status
(new, ongoing, completed, stopped)
	supported next level fallback modes
(in DL and UL)

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	



Table 4.1-2: Individual configuration names, proponents and supporting companies for NSA NR SUL
	NSA SUL configuration

	REL-indep.
from
	contact
name, company
	contact
email
	other supporting companies
(min. 3)
	status
(new, ongoing, completed, stopped)
	supported next level fallback modes
(in DL and UL)

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	



4.2	Objective of Performance part WI

4.3	RAN time budget request (not applicable to RAN5 WIs/SIs)
NOTE:	For all new RAN related WIs/SIs which are not led by RAN WG5 the WI/SI rapporteur has to fill out the attached Excel table to request time budgets for corresponding RAN WG meetings.
The Excel table has to be filled out for all affected RAN WGs and up to the target date of the WI/SI.
One time unit (TU) corresponds to ~ 2 hours in the meeting.
If no TU is needed, then leave the field empty otherwise enter a number >0 in the field.
	For revisions of already approved WI/SI descriptions: Please remove the Excel table from the WID/SID's zip file. The time budgets are already recorded. If you want to modify them, then this has to be done via the status report and not via a revised WID/SID.
	If this WID is covering Core and Performance part, then please fill out one line for each part in the attached Excel table.
additional comments to the time budget request in the attached Excel table:



5	Expected Output and Time scale
	New specifications {One line per specification. Create/delete lines as needed}

	Type 
	TS/TR number
	Title
	For info 
at TSG# 
	For approval at TSG#
	Remarks

	Internal TR
	37.xxx
	Supplemental uplink usage of FR2 spectrum (SA and NSA)
	TSG#84
	TSG#85
	rapporteur:
Ioffe, Anatoliy, Apple Inc., aioffe@apple.com 



	Impacted existing TS/TR {One line per specification. Create/delete lines as needed}

	TS/TR No.
	Description of change 
	Target completion plenary#
	Remarks

	38.101-2
	- SA UE RF requirements for supplemental uplink operation in FR2 spectrum
- SA UE Supplemental uplink configurations in FR2 spectrum
	TSG#85
	Core part

	38.101-3
	- NSA UE RF requirements for supplemental uplink operation in FR2 spectrum
- NSA UE Supplemental uplink configurations in FR2 spectrum
	TSG#85
	Core part

	38.307
	- Release independence of supplemental uplink operation in FR2 spectrum
	TSG#85
	Core part

	38.331
	- UE capability to support supplemental uplink operation in FR2 spectrum
	TSG#85
	Core part

	38.306
	- UE capability to support supplemental uplink operation in FR2 spectrum
	TSG#85
	Core part



6	Work item Rapporteur(s)
Ioffe, Anatoliy, Apple Inc., aioffe@apple.com
7	Work item leadership
RAN4
Secondary responsibility: RAN2
8	Aspects that involve other WGs

9	Supporting Individual Members
{At least 4 supporting Individual Members are needed. There is an expectation that these companies will provide resources to progress the work. Note that having 4 supporting companies is a necessary but not sufficient condition: the usual TSG approval process by consensus is needed for the WID approval.} 
	Supporting IM name

	

	

	

	

	

	




