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Background
With the Rel-15 NR Work Item [1] concluding by the RAN #82 meeting, and with a number of Rel-16 spectrum-related work items already ongoing in the 3GPP RAN work plan, a new proposal to define supplemental uplink usage of FR2 spectrum (in SA and NSA modes of operation) is motivated by the practical constraints of the utilization of non-contiguous uplink spectrum in mmWave.  This contribution provides the motivation for the proposed WID on this topic.
Motivation
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

Figure 1 below illustrates an example scenario of supplemental uplink operation in FR2 (intra-band).
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[bookmark: _Ref531187549]Figure 1: Example of supplemental uplink operation in FR2 (intra-band scenario)

Figure 2 below illustrates an example scenario of supplemental uplink operation in FR2 (inter-band).
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[bookmark: _Ref531262839]Figure 2: Example of supplemental uplink operation in FR2 (inter-band scenario)

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]

The proposed 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.
Proposed WID scope
-	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]
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