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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
Non-simultaneous transmission for non-contiguous FR2 UL carriers was previously proposed in a separate work item [2], [3], which has since been merged into the Rel-16 FR2 RF work item [1].  This contribution shares our views on the non-simultaneous transmission aspects and proposes a plan to conclude the related study phase.
2	Discussion
[bookmark: _Toc16557494][bookmark: _Toc16557789][bookmark: _Toc16574060]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 [4].  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.
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 Rel-16 NR RAT can be enhanced to support UEs with non-simultaneous uplink of non-contiguous carriers (NSU-NCC).  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:
-	An NSU-NCC capable UE configured with an intra-band non-contiguous UL CA band combinations allows the network to use Layer-1 (L1) signaling to efficiently allocate UL resources across the non-contiguous spectrum; the alternatives to this approach are handover or cell re-selection RRC procedures, which pose significantly longer delays
-	Because UL resource allocation for NSU-NCC capable UEs is restricted to one non-contiguous UL carrier at any time, the RF architecture which supports a single FR2 Tx path can be reused to support such band combinations
-	NSU-NCC capable UEs enjoy a performance benefit in such UL band combinations over UEs which are allocated non-contiguous UL resources simultaneously in terms of the maximum power reduction (MPR) needed to meet regulatory emission limits:  NSU-NCC capable UEs only need to meet single-carrier emission requirements, while simultaneous non-contiguous 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 NSU-NCC capable UE can be ready to activate the needed UL carrier in response to the appropriate DCI, RRC configuration, or timer trigger
Figure 1 below illustrates an example scenario of non-simultaneous uplink operation in FR2 (intra-band).
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Figure 1: Example scenario of non-simultaneous uplink operation in FR2 (intra-band) 
In order to facilitate the deactivation/activation of UL carriers, it is logical to reuse the BWP switching framework as much as possible.  Figure 2 below illustrates the simplified scenario in terms of BWP switching.
[image: ]
Figure 2: UL carrier switching scenario 
Thus, the NSU-NCC operation for intra-band non-contigous UL CA can be generalized to generic BWP switching scenarios with the following parameters:
-	UL frequency separation class (I, II, or III); other frequency separation classes cannot yet be precluded
-	The bandwidth of the activated BWP is or is not equal to the bandwidth of the deactivated BWP
-	Whether the subcarrier spacing of the activated BWP should be the same as the deactivated BWP
[bookmark: _Toc16579257][bookmark: _Toc16579273][bookmark: _Toc16583343][bookmark: _Toc16583369][bookmark: _Toc16764353]Observation 1:	Because NSU-NCC capable UEs will operate in the same network as simultaneous uplink capable UEs, the issue of different SCS for non-contiguous UL carriers should be discussed in the context of all UEs.  From this perspective, restricting non-contiguous intra-band UL carriers to operate with the same SCS is desired.
[bookmark: _Toc16764355]Proposal 1:	Whether it is feasible to restrict intra-band UL CA (contiguous and non-contiguous) to operate with the same SCS should be discussed.
Because a number of FR2 bands overlap, whether to treat some inter-band combinations as intra-band, for the purpose of deriving the UL carrier switching times, is useful to discuss.  Figure 3 below illustrates the FR2 bands in Rel-16.
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Figure 3: FR2 bands in Rel-16 
[bookmark: _Toc16583344][bookmark: _Toc16583370][bookmark: _Toc16764354]Observation 2:	UL CA configurations with overlapping bands (e.g. n258+n257, n261+n257, n259+n260) may need to be treated as intra-band combinations for the purpose of UL carrier switching time derivation. Whether this applies to all possible allocations or a subset (i.e. within a certain bandwidth separation class) should also be discussed.
[bookmark: _Toc16550842][bookmark: _Toc16557495][bookmark: _Toc16557790][bookmark: _Toc16574061][bookmark: _Toc16579258][bookmark: _Toc16579274][bookmark: _Toc16583345][bookmark: _Toc16583371][bookmark: _Toc16764356][bookmark: _GoBack]Proposal 2:	Companies are encouraged to provide input on UL carrier switching times (in terms of RF and BB) for the switching scenarios identified above.
3	Conclusions
This contribution shared our views on the non-simultaneous transmission aspects.  The following observations and proposals have been made:
Observation 1:	Because NSU-NCC capable UEs will operate in the same network as simultaneous uplink capable UEs, the issue of different SCS for non-contiguous UL carriers should be discussed in the context of all UEs.  From this perspective, restricting non-contiguous intra-band UL carriers to operate with the same SCS is desired.
Observation 2:	UL CA configurations with overlapping bands (e.g. n258+n257, n261+n257, n259+n260) may need to be treated as intra-band combinations for the purpose of UL carrier switching time derivation. Whether this applies to all possible allocations or a subset (i.e. within a certain bandwidth separation class) should also be discussed.

Proposal 1:	Whether it is feasible to restrict intra-band UL CA (contiguous and non-contiguous) to operate with the same SCS should be discussed.
Proposal 2:	Companies are encouraged to provide input on UL carrier switching times (in terms of RF and BB) for the switching scenarios identified above.
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FR2 bands in the 37-43.5 GHz range
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