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1	Introduction 
With the Rel-17 package for RAN1-led and RAN2-led work items approved in RAN #86, the next task for RAN Plenary will be to determine the scope of the Rel-17 package for RAN4-led work.  Based on the current progress in the Rel-16 work item on FR2 RF enhancements [1], this contribution examines three potential enhancements which can be considered for the Rel-17 RF effort in RAN4.
2	Discussion
2.1	Beam correspondence enhancement
Beam correspondence performance of a UE can generally benefit from enhancements of measurement report procedures, and aspects related to “dynamic signaling from UE to network to accurately improve beam correspondence performance” are of interest.  The relevant excerpt of our RAN1 contribution on this topic [4] is provided below.
In the Rel-15 beamforming framework, a gNB can control a UE’s SRS Tx beam through the spatial relation configuration, which defines the Tx beam relative to a reference RS. In the absence of a configured spatial relation, there is no gNB/UE coordination on which UE Tx beam to sweep.
Beam correspondence at the UE is desirable to improve beamforming efficiency. However, beam correspondence at the UE can only be achieved within a tolerance given the complexity of RF front end design and the associated calibrations. RAN4’s studies on the beam correspondence requirement clearly indicate that the deviation from ideal beam correspondence (i.e., non-zero tolerance) can be significant. We illustrate this impact in Figure 3 below: in Figure 3(b) a UE with beam correspondence is configured with an SRS resource that has a spatial relation to the DL RS measured in Figure 3(a). However, the Tx beam determined through correspondence may not point in the optimal direction.
To mitigate the beam correspondence error, the UE in Figure 3(c) is configured with a small set (e.g. 2) of SRS resources with the same “spatial relation” to the reference RS, such that some SRS resources can use different Tx beams than those determined through beam correspondence. By sweeping this expanded set of SRS resources, the gNB can find the best UE Tx beam and signal the UE appropriately. This mechanism can effectively resolve error stemming from beam correspondence at the cost of a limited beam sweep around the candidate direction. 
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	(a) DL RS measurement
	(b) Using DL Rx beam as UL Tx beam with BC error
	(c) Configure 2 SRS with a same spatial relation to DL RS but different Tx beams, and sweep these SRS to resolve BC error


Figure 1: Enhancing UL Tx beam sweep with partial beam correspondence
[bookmark: _Toc24077728][bookmark: _Toc24077802][bookmark: _Toc32370831][bookmark: _Toc32370981][bookmark: _Toc32372882][bookmark: _Toc32372894][bookmark: _Toc32372904][bookmark: _Toc32580679][bookmark: _Toc40349423][bookmark: _Toc40349544]Proposal 1:	An enhancement which configures multiple SRS resources with different Tx beams corresponding to the same RS (e.g. SSB, CSI-RS, or SRS) can be considered.
Similarly to the Rel-15 situation with beam correspondence, where the RAN4 definition of the requirement influenced the RAN1 capability on beam correspondence, this enhancement has the potential to impact the RAN1 design.  It is recommended to consider this impact onto the work scope of RAN1 (possibly, the Rel-17 FeMIMO work item [3]).
2.2	NSU
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 [2]:
-	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 [5]:
	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



There are three major benefits of non-simultaneous UL for intra-band NC 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.
We can consider the MPR specification for UL intra-band contiguous CA with contiguous and non-contiguous allocation cases as a useful example.  The QPSK DFT-s-OFDM MPR requirement for 400 MHz aggregate BW is 5.0 dB, while non-contiguous allocations can potentially increase MPR by 2.0 dB.  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.  In an example with two non-contiguous 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. 
In the scenario of wide separation between UL carriers (up to 1400 MHz), we expect to see more MPR allowed for non-contiguous UL CA.  With such an impact on an already difficult UL link budget, non-simultaneous UL can enable a practical deployment of the UL intra-band NC CA feature in FR2.
[bookmark: _Toc32583116][bookmark: _Toc32583238][bookmark: _Toc32585599][bookmark: _Toc37419780][bookmark: _Toc40349542]Observation 1:	Aggregation of non-contiguous uplink carriers in FR2 into a simultaneous transmission has the potential to introduce a significant penalty to the UL link budget. 
An additional aspect, as related to the frequency separation class signaling applicability, is illustrated in Figure 1 below.
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Figure 2: Frequency separation class applicability to UE supporting NSU
We observe that the UE supporting NSU can remove all additional constraints on CC configuration by the network, as was described in Case 1, Case 2, and Case 3 in the corresponding discussion on the remaining issues with frequency separation class.
[bookmark: _Toc32583239][bookmark: _Toc32585600][bookmark: _Toc37419781][bookmark: _Toc40349543]Observation 2:	Aggregation of non-contiguous uplink carriers in FR2 into a non-simultaneous transmissions can give the network additional scheduling flexibility in terms of coverage spectrum utilization. 
Our understanding of the EN-DC and CA scenario applicability for the non-simultaneous uplink switch is illustrated in Figure 1 below.
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Figure 3: EN-DC and CA scenario applicability to the non-simultaneous uplink switch mechanism
RAN4 has not made sufficient progress on the feature in Rel-16, 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][bookmark: _Toc40349424][bookmark: _Toc40349545]Proposal 2:	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.
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][bookmark: _Toc40349425][bookmark: _Toc40349546]Proposal 3:	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.
2.3	Enhancements of NSU
As described in [5], the scope of the Rel-16 discussion related to non-simultaneous uplink (NSU) on non-contiguous UL carriers in FR2 is restricted to the CA and EN-DC scenarios shown in Figure 2 below.
[image: ]
[image: ]
Figure 4: EN-DC and CA scenario applicability to the non-simultaneous uplink switch mechanism
An enhancement of the non-simultaneous uplink switch capapbility with PCell change can remove the applicability restriction and address the additional scenarios shown in Figure 3 below.
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Figure 5: EN-DC and CA scenario applicability to the non-simultaneous uplink switch with PCell change mechanism
The bulk of the effort associated with this enhancement is anticipated for the RAN4 RRM track and should be initiated following the conclusion of the Rel-16 leftover items, as described in [7].  From the RF perspective, this enhancement clarifies the applicability of the feature to any EN-DC and CA configuration.
[bookmark: _Toc13823832][bookmark: _Toc20917548][bookmark: _Toc13821307][bookmark: _Toc13823307][bookmark: _Toc20918972][bookmark: _Toc20919008][bookmark: _Toc24076936][bookmark: _Toc24077727][bookmark: _Toc24077801][bookmark: _Toc32370830][bookmark: _Toc32370980][bookmark: _Toc32372883][bookmark: _Toc32372895][bookmark: _Toc32372905][bookmark: _Toc32580680][bookmark: _Toc40349426][bookmark: _Toc40349547]Proposal 4:	It is proposed to enhance the UE feature of non-simultaneous uplink (NSU) on non-contiguous UL carriers in FR2 to include scope for NSU switch with PCell change.
With the scope for UL inter-band CA in FR2 removed from Rel-16, it is anticipated that such an objective will be included in the Rel-17 FR2 RF work.  The inter-band UL CA architecture for simultaneous Tx is illustrated in Figure 4 below.
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Figure 6: 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 n258+n257 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 and has not been started as part of Rel-17 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.  Thus, the applicability of the NSU feature to inter-band UL CA in FR2 is a necessary aspect of Rel-17 FR2 RF enhancement, in our understanding.
[bookmark: _Toc32372884][bookmark: _Toc32372896][bookmark: _Toc32372906][bookmark: _Toc32580681][bookmark: _Toc40349427][bookmark: _Toc40349548]Proposal 5:	The applicability of the NSU feature to inter-band UL CA in FR2 is a necessary aspect of Rel-17 FR2 RF enhancement.
2.4	FR2 UE antenna element scaling
Recognizing the UE’s potential for high power consumption during FR2 operation, power savings techniques are valuable enhancement objectives.  One technique the UE can utilize is to reduce or increase the number of Rx and/or Tx antenna elements based on operating conditions.  Figure 4 below illustrates the possible scenarios.
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Figure 7: FR2 UE antenna element scaling scenarios
Existing frequency range 2 (FR2) RF requirements for user equipment (UE) in TS38.101-2 specify requirements on UE power control, such that the maximum output power, minimum output power, and the output power tolerance.  If the UE employs antenna element scaling as a technique to reduce the power consumption, it can impact the UE’s power control tolerance and beam management procedures at the network level.  An enhancement to optimize network performance and to reduce network performance degradation in response to UE antenna element scaling is proposed.  Similarly to the Rel-15 situation with beam correspondence, where the RAN4 definition of the requirement influenced the RAN1 capability on beam correspondence, this enhancement has the potential to impact the RAN1 design.  It is recommended to consider this impact onto the work scope of RAN1 (possibly, the Rel-17 FeMIMO work item [3]).
[bookmark: _Toc32372885][bookmark: _Toc32372897][bookmark: _Toc32372907][bookmark: _Toc32580682][bookmark: _Toc40349428][bookmark: _Toc40349549]Proposal 6:	An enhancement to optimize network performance and to reduce network performance degradation in response to UE antenna element scaling is proposed.
3	Conclusions
[bookmark: _GoBack]This contribution has provided our views on the topic of Rel-17 RF enhancements and made the following observations and proposals:
Observation 1:	Aggregation of non-contiguous uplink carriers in FR2 into a simultaneous transmission has the potential to introduce a significant penalty to the UL link budget.
Observation 2:	Aggregation of non-contiguous uplink carriers in FR2 into a non-simultaneous transmissions can give the network additional scheduling flexibility in terms of coverage spectrum utilization.

Proposal 1:	An enhancement which configures multiple SRS resources with different Tx beams corresponding to the same RS (e.g. SSB, CSI-RS, or SRS) can be considered.
Proposal 2:	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 3:	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.
Proposal 4:	It is proposed to enhance the UE feature of non-simultaneous uplink (NSU) on non-contiguous UL carriers in FR2 to include scope for NSU switch with PCell change.
Proposal 5:	The applicability of the NSU feature to inter-band UL CA in FR2 is a necessary aspect of Rel-17 FR2 RF enhancement.
Proposal 6:	An enhancement to optimize network performance and to reduce network performance degradation in response to UE antenna element scaling is proposed.
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Example RF architecture with 4 antenna elements
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Example RF architecture with 2 antenna elements
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