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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 considers the remaining issues related to the study of the feasibility of carrier switching to support non-simultaneous uplink of non-contiguous carriers in light of the Rel-16 timeline.
2	Discussion 
In a contribution to RAN4 #94e-bis we had summarized the current status of the proposed carrier switching feature to support non-simultaneous uplink of non-contiguous carriers [4].  The following company feedback was captured during the email discussion [5] (an excerpt of the summary relevant to the NSU topic is provided below):

Issue 1-1-1: Feasibility of NSU in REL-16
· Proposals
· Option 1: For SA CA scenarios FR1 (PCell) + FR2 (SCells) and EN-DC scenarios LTE (PCell) + FR1 (PScell) + FR2 (SCells), RAN4 confirms the feasibility of non-simultaneous Tx for FR2 intra-band NC UL CA and agrees to introduce a capability for the UE indicate to the network that it only supports non-simultaneous UL operation in NC UL CA.
· Option 2: RAN4 can confirm the feasibiilty of the NSU feature from the RF perspective in order to allow the RRM work to begin. RAN4 RRM can conclude on aspects related to capability signaling and switching mechanism.
· Option 3: NSU is not part of REL-16
· Recommended WF
· Depends on First round discussions

	Company
	Comments

	Intel
	Sub topic 1-1: 
Issue 1-1-1: Feasibility of NSU in REL-16
Option 1 and option 2

	OPPO
	Issue 1-1-1: Either option 1 or option 2

	Samsung
	Sub topic 1-1: 
Issue 1-1-1: Feasibility of NSU in REL-16
Option 3. Based on discussions in RF session so far, it is not stable enough to trigger RRM work. It is better not to introduce NSU in Rel-16.

	Verizon 
	Issue 1-1-1: We support option 3! As what we discussed before, the NSU is not part of REL-16.

	Apple
	Issue 1-1-1: We prefer Option 1 and can accept Option 2.
As we see in R4-2004880, the proposed power back-off associated with simultaneous non-contiguous UL CA can be up to 10 dB in addition to the contiguous CA MPR table, depending on the RB allocation ratio. In addition to increased MPR, simultaneous non-contiguous UL allocations reduce the PSD level received by the base station, further exacerbating the UL link budget. At least for handheld form factors, we see NSU as one feature which can allow operators the flexibility of configuring the UE for non-contiguous UL CA while allowing for a UE implementation which restricts the MPR to the contiguous case (i.e. Table 6.2A.2.4-1).
We also would like to provide the following comments in response to the Samsung comment: the stability of a feature can be understood from the perspective of its justification and the requirements necessary to define it. The MPR comparison above, together with the information we provided in R4-2004713, is the justification component. RAN4 had already discussed the possible mechanisms for NSU switching and identfied three candidates in R4-1913055 during the RAN4 #92bis meeting. Because detailed design of the mechanism is related to RRM requirements, we understand that further effort in RRM is needed. This is why we can accept Option 2, so that RRM work can be allowed to proceed.

	Huawei
	Issue 1-1-1: we believe the current activating/deactivating procedure for intra-band NC CA already realize the concept of NSU. We don’t see the way for a faster switching between CC.

	Qualcomm
	Sub topic 1-1-1:
Option 3. We do not see the enhancement relative to a rel-15 UE’s contiguous UL CA capability. In our view, the proposed UE capability will merely allow a UE to declare NC CA capability even though it may not be able to, or does not intend to transmit simultaneously over multiple non-contiguous sub-blocks.



Based on this outcome of the discussion, the following observation can be made:

[bookmark: _Toc40341477][bookmark: _Toc40341542]Observation 1:	The conclusion of the feasibility discussion of NSU is not likely to align with the Rel-16 timeline.
On the other hand, observing that the feature promises an optimization of UL cell management for the network together with the benefit of lower complexity in the UE RF front end architecture, there is a valuable motivation to continue the work to specify the feature in Rel-17.

[bookmark: _Toc40341478][bookmark: _Toc40341543]Proposal 1:	Scope for specification work related to non-simultaneous Tx for FR2 intra-band NC UL CA in SA CA scenarios FR1 (PCell) + FR2 (SCells) and EN-DC scenarios LTE (PCell) + FR1 (PScell) + FR2 (SCells) is transferred to the Rel-17 RAN4 RF package as a work item objective.

During the last meeting we had proposed scope for enhancing NSU to cover the remaining SA and EN-DC scenarios in Rel-17 [6], and we see it is reasonable to combine the scope of Proposal 1 together with the proposed enhancement.

Because the majority of the feature’s impact is on the RRM specification, it is recommended to include the scope related to NSU to the Rel-17 RAN4 RRM package as well.

[bookmark: _Toc37419785][bookmark: _Toc40341479][bookmark: _Toc40341544]Proposal 2:	Scope for RRM effort related to the NSU feature is included in the Rel-17 RAN4 RRM package as a work item objective. RAN4 RRM scope can include aspects related to capability signaling and switching mechanism.

3	Conclusions
This contribution has considered the remaining issues related to the study of the feasibility of carrier switching to support non-simultaneous uplink of non-contiguous carriers in light of the Rel-16 timeline.  The following observations and proposals have been made:

Observation 1:	The conclusion of the feasibility discussion of NSU is not likely to align with the Rel-16 timeline.

Proposal 1:	Scope for specification work related to non-simultaneous Tx for FR2 intra-band NC UL CA in SA CA scenarios FR1 (PCell) + FR2 (SCells) and EN-DC scenarios LTE (PCell) + FR1 (PScell) + FR2 (SCells) is transferred to the Rel-17 RAN4 RF package as a work item objective.
Proposal 2:	Scope for RRM effort related to the NSU feature is included in the Rel-17 RAN4 RRM package as a work item objective. RAN4 RRM scope can include aspects related to capability signaling and switching mechanism.
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