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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
-	PCC with PRB allocation, SCC and other CCs without PRB allocation
The following agreements were reached during the RAN4 #92bis meeting [3]:

	Occupied bandwidth for CA
-	As described in [4], the requirement for occupied bandwidth for CA is:
-	For intra-band non-contiguous carrier aggregation, the OBW requirement is met when the ratio of the transmitted power in all sub-blocks of the uplink CA configuration to the total integrated power of the transmitted spectrum is greater than 99%.
-	This agreement is captured in a TP to TR38.831
Remaining issues with NC UL CA MPR
-	Emissions in the spurious domain shall be taken into account in the NC UL CA MPR requirement
-	Number of gaps between sub-blocks shall be at least 1
Non-simultaneous uplink in NC carriers (1)
-	Definitions
-	Simultaneous operation refers to active and allocated UL CCs in multiple non-contiguous sub-blocks
-	Non-simultaneous operation refers to active and allocated UL CCs in a single sub-block of contiguous carriers
-	Proposed mechanisms to enable non-simultaneous operation
-	Alt.1: apply the BWP switching framework
-	DCI-based, RRC-based, and timer-based scenarios are not precluded
-	Alt.2: apply the MAC CE based SCell activation framework
-	UL and DL are activated and deactivated together
-	Alt.3: apply the RRC based SCell configuration framework
-	Only Alt.3 is applicable to SA FR2+FR2 CA or NSA LTE+FR2+FR2 DC scenarios
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Non-simultaneous uplink in NC carriers (2)
-	RAN4 will further study the benefit of non-simultaneous UL in non-contiguous carriers from the points of view of improved output power due to reduced MPR and reduced power consumption, e.g., FR1 (pcell) + FR2 (scells) configuration
-	RAN4 will further study the feasibility of non-simultaneous UL in non-contiguous carriers
-	The switching mechanism shall be down-selected between Alt.1, Alt.2, and Alt.3 during the RAN #93 meeting. 
-	Other options are not precluded
Signaling aspects
-	TS38.101-2 defines three frequency separation classes
-	The UE can signal intraBandFreqSeparationDL and intraBandFreqSeparationUL separately [see TS38.306]
-	Frequency separation classes I, II, III are applicable for FR2 UL CA (simultaneous uplink operation) in Rel-16
-	Whether Fs ≤ 2400 MHz can be applicable to FR2 UL CA with non-simultaneous uplink operation is FFS



This contribution provides further analysis to confirm the feasibility of carrier switching to support non-simultaneous uplink of non-contiguous carriers.
2	Discussion 
There are three major benefits of non-simultaneous UL for inter-band CA in FR2:  the retention of the same link budget as the contiguous UL CA case in Rel-15, the reduction in complexity of the UE RF architecture to support a band combination with greater complexity, and the flexibility for UL load balancing across non-contiguous spectrum.

The inter-band UL CA architecture for simultaneous Tx is illustrated in Figure 1 below.
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Figure 1: Inter-band UL CA architecture (simultaneous Tx)

We observe that the two PAs will generate reverse intermodulation products;  the strongest coupling mechanism is expected to be the antenna array.  If the design uses collocated arrays, as has been the assumption in the multi-band framework, then the isolation between the arrays is not expected to be significant.  If the design uses non collocated arrays, or even separate antenna panels for the UL CCs, then the design may not be able to support some CA combinations (such as the LB+LB case), or it may not be compliant with all Rel-16 specifications (since multi-panel operation is no longer in the scope of Rel-16 RAN1 work).  Thus, with a strong coupling mechanism for reverse IMD, the inter-band UL CA scenario in FR2 begins to resemble similar challenges we have seen with band 41/n41 EN-DC. 

In addition to the need to increase MPR to reduce the magnitude of the intermodulation products, simultaneous inter-band UL allocations reduce the PSD level received by the base station, further exacerbating the UL link budget.  In an example with two inter-band UL CCs of equal bandwidth and full allocation, the non-simultaneous UE enjoys a 3 dB advantage over the simultaneous UE in terms of the received PSD level at the base station. 

Referring to the alternative mechanisms to enable the non-simultaneous UL feature, we observe that Alt. 1 has the benefit of maintaining all DL BWPs active, while the UL BWPs of selected CCs are switched by deactivate-activate operations.  In fact, a procedure to trigger multiple BWP switching actions simultaneously has been agreed by RAN4 RRM in [4].

Based on the description of the feature in [5] and [6], it is proposed to confirm the feasibility of the feature.

[bookmark: _Toc20901664][bookmark: _Toc20901674][bookmark: _Toc20907283][bookmark: _Toc20907975][bookmark: _Toc20908025][bookmark: _Toc24084358][bookmark: _Toc24086158][bookmark: _Toc24087355][bookmark: _Toc24087832][bookmark: _Toc24087903][bookmark: _Toc24091413]Proposal 1:	For CA scenarios FR1 (PCell) + FR2 (SCells), RAN4 confirms the feasibility of non-simultaneous Tx for FR2 inter-band UL CA and agrees to introduce a capability for the UE indicate to the network that it only supports non-simultaneous UL operation in inter-band UL CA.
Referring to the alternative mechanisms to enable the non-simultaneous UL feature, we observe that Alt. 1 has the benefit of maintaining all DL BWPs active, while the UL BWPs of selected CCs are switched by deactivate-activate operations.  In fact, a procedure to trigger multiple BWP switching actions simultaneously has been agreed by RAN4 RRM in [4].

[bookmark: _Toc24087356][bookmark: _Toc24087833][bookmark: _Toc24087904][bookmark: _Toc24091414]Proposal 2:	Multiple BWP switching is selected as the mechanism to enable non-simultaneous UL for CA scenarios FR1 (PCell) + FR2 (SCells).  The UE types and switching times from the Rel-15 BWP switching framework can be reused.
[bookmark: _Toc24087357]The remaining effort for this feature involves identifying which single-carrier and contiguous CA requirements to reuse for the non-simultaneous UL capable UEs and to finalize the interruption requirements in RRM, according to the Rel-16 NR RRM enhancement work item [5] and the associated work plan [8].

[bookmark: _Toc24087834][bookmark: _Toc24087905][bookmark: _Toc24091415]Proposal 3:	Further effort on the related interruption requirements can proceed according to the Rel-16 NR RRM work item scope and associated work plan.

3	Conclusions
This contribution provided the analysis to confirm the feasibility of carrier switching to support non-simultaneous uplink of non-contiguous carriers.  The following observations and proposals have been made:


Proposal 1:	For CA scenarios FR1 (PCell) + FR2 (SCells), RAN4 confirms the feasibility of non-simultaneous Tx for FR2 inter-band UL CA and agrees to introduce a capability for the UE indicate to the network that it only supports non-simultaneous UL operation in inter-band UL CA.
Proposal 2:	Multiple BWP switching is selected as the mechanism to enable non-simultaneous UL for CA scenarios FR1 (PCell) + FR2 (SCells).  The UE types and switching times from the Rel-15 BWP switching framework can be reused.
Proposal 3:	Further effort on the related interruption requirements can proceed according to the Rel-16 NR RRM work item scope and associated work plan.
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