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1	Introduction 
The work item on NR RF requirements for FR2 [1] has made progress on the beam correspondence aspects with the following agreements during RAN4 #93 [2]:

	BC based on SSB
-	By RAN4 #94, RAN4 could specify BC based on SSB only unless RAN4 find critical technical problems, considering:
-	Side condition feasibility
-	Common understanding of UE behavior
-	Performance difference with SSB + CSI-RS based BC
-	After stabilizing the configuration and requirement structure and confirming the feasibility, the optionality of this requirement can be discussed
BC based on CSI-RS (configurations)
	Parameter
	Value

	P1 CSI-RS periodicity
	Alt.1: P1 CSI-RS is configured with [TBD] ms periodicity, the QCL (qcl-TypeD) relation is configured as ‘SSB’
Alt.2: P1 CSI-RS is not configured; instead aperiodic P2 CSI-RS can be considered if necessary. If P2 CSI-RS is supported, its qcl-TypeD is ‘SSB’ [2]
Alt.3: P1 CSI-RS is configured with [TBD] ms periodicity, the QCL (qcl-TypeD) relation is configured as ‘none’

	P3 CSI-RS repetitions per resource set
	Alt. 1: maxNumberRxBeam in UE capability IE of MIMO-ParametersPerBand
Alt. 2: 8

	P3 CSI-RS configuration repetition
	on

	P3 CSI-RS trigger
	Alt.1: once P1 CSI-RS is finished
Alt.2: once every SSB cycle (20 ms) if P1 CSI-RS is not configured
* The test time for Alt.1 is assumed less than or equal to Alt.2

	Tracking CSI-RS periodicity
	reuse Rel-15
60 kHz SCS: 40 slots for CSI-RS resources 1 and 2
120 kHz SCS: 80 slots for CSI-RS resources 1 and 2

	P3 CSI-RS QCL info
	Alt.1: Type D to P1 CSI-RS
Alt.2:
If P2 CSI-RS is transmitted;
- Type A to TRS
- Type D to P2 CSI-RS
Otherwise;
- Type C to SSB 
- Type D to SSB

	P1 CSI-RS QCL info
	Alt.1: P1 CSI-RS is transmitted and the QCL relation is configured as ‘SSB’ [14]
Alt.2: P1 CSI-RS is not transmitted [2]
Alt.3: P1 CSI-RS is transmitted and the QCL relation is configured as ‘none’



BC based on CSI-RS (side conditions)
-	How to achieve “CSI-RS only” condition
-	Method 1: DUT is configured with an active BWP containing no SSB
-	Method-3: SSB and CSI-RS are present, but SSB’s PSD is back-off by XdB from CSI-RS
-	X will be chosen during the RAN4#94 meeting
-	A single method will be chosen during the RAN4 #94 meeting
-	CSI-RS min SNR level:
-	Alt1: 6 dB
-	Alt2: same as SNR chosen for SSB in SSB-only BC test
-	After stabilizing the configuration and requirement structure and confirming the feasibility, the optionality of this requirement can be discussed



And the following agreements during RAN4 #92bis [2]:

	BC based on SSB only
-	The SSB configuration from Rel-15 is reused
-	Study performance difference of BC based on SSB only vs. BC based on CSI-RS only
BC based on CSI-RS only
-	Assumption on the CSI-RS configuration
-	The table itemizes the parameters which will be updated relative to the Rel-15 configuration
-	All other configuration parameters related to CSI-RS are reused from Rel-15
-	NOTE: ”P3 CSI-RS” refers to CSI-RS for beam management
-	Once the CSI-RS configuration is stable:
-	Calculate the SNR corresponding to the configuration
-	Specify the side conditions
-	The PSD of the RS is equalized to match SNR conditions of the Rel-15 requirement
-	Open issues:
-	If we do not reuse CSI-RS periodicity from Rel-15, then new values for this parameter are needed
-	The definition of QCL info is FFS
-	SSB configuration is FFS
-	How to ensure that the UE has to perform BC based on the reference signal that is configured to it instead of e.g. using SSB for CSI-RS only based BC
	parameter
	Rel-15 value (for reference)
	Rel-16 value (this WF)

	P1 CSI-RS periodicity
	Not defined
	Alt.1: 20 ms

	P3 CSI-RS repetitions per resource set
	8
	Alt.1: 8 [7]
Alt.2: according to UE capability [1]

	P3 CSI-RS configuration repetition
	on
	on

	P3 CSI-RS trigger
	Not defined
	Alt.1: Reuse Rel-15 P3 CSI-RS once for every P1 cycle
Alt.2: FFS

	Tracking CSI-RS periodicity
	60 kHz SCS: 40 for CSI-RS resources 1 and 2
120 kHz SCS: 80 for CSI-RS resources 1 and 2
	Alt.1: reuse Rel-15 [7]
Alt.2: FFS [1]

	P3 CSI-RS QCL info
	Type D to SSB
	FFS

	P1 CSI-RS QCL info
	Not defined
	FFS



Related to beam correspondence tolerance
-	If UE support Rel-16 BC and UE is Rel-15 BC bit-1 UE,
-	UE test EIRP (peak and spherical) requirement based on UE autonomous BC with updated side condition and/or configuration to be defined in Rel-16; 
-	If passed, Rel-15 EIRP (peak and spherical) requirement can be skipped. But two times of testing (for SSB-only and CSI-RS only) are needed.
-	Alt.1: If UE support Rel-16 BC and UE is Rel-15 BC bit-0 UE,
-	It is invalid scenario and this is not allowed
-	Alt.2: If UE support Rel-16 BC and UE is Rel-15 BC bit-0 UE,
-	UE test EIRP (peak and spherical) requirement based on UL beam sweeping assistance with updated side conditions and/or configuration to be defined in Rel-16;
-	UE test beam correspondence tolerance with updated side condition and/or configuration to be defined in Rel-16;
-	If passed, Rel-15 EIRP (peak and spherical) requirement can be skipped. But two times of testing (for SSB-only and CSI-RS only) are needed.
Other aspects
-	Two enhancements were proposed:
-	Enhancements to measurement reporting [2]:
-	Network makes use of UE reported L1-RSRP to roughly improve beam correspondence performance
-	Add dynamic signaling from UE to network to accurately improve beam correspondence performance, e.g.: UE can signal to network the UE measured SNR, and/or the necessity of UL beam sweeping, and/or the exact SRS resource number needed
-	Introduction of a requirement on beam correspondence for initial access [5]:
-	UE spherical coverage for PRACH transmissions (power class 3)
-	Radiated spherical coverage sensitivity requirement on RAR (Msg2) reception
-	Considering that verification of BC at initial access through open loop power control test would require significantly improved accuracy of the core requirement
-	During the RAN4 #93 meeting RAN4 will discuss whether these enhancements are in the scope of the WID
-	Signaling aspects for the enhanced beam correspondence in Rel-16 are FFS



In addition, RAN #86 discussed the issues related to beam correspondence and provided the following guidance [4]:

	Way Forward
-	RAN4 continue discuss the SSB based BC and CSI-RS based BC test cases based on Rel-15 features without consideration on any new signalling or measurement. 
-	For BC performance enhancement for both bit #0 and bit #1 UE, RAN4 may continue discussing the additional performance enhancement and test configuration enhancement by utilizing the existing UE measurement including RSRP and/or L1-SINR 
-	RAN4 may also consider the initial access for additional beam correspondence enhancement in Rel-16 timeframe



In a separate contribution [10], we provide analysis results and views on the topic of beam correspondence based on SSB.  In this contribution we address the following remaining issues:  considerations related to initial access, impact of carrier aggregation, and beam correspondence capabilities.  Furthermore, we provide our views on further enhancements of beam correspondence in a separate Rel-17 discussion paper [8].
2	Discussion
2.1	Considerations related to initial access
Previously we had summarized our position on the proposal to define two new requirements (PRACH EIRP spherical coverage and RAR EIS spherical coverage) [6] in [7].  In addition to the already provided views, we highlight the following considerations:

-	When the UE undergoes the initial access procedure, the beam forming codebook it uses does not benefit from any beam refinement procedures and, consequently, can be optimized by the UE for a number of different use cases, such as mobility, power savings, etc.
-	Whereas in the case of CONNECTED mode beam correspondence, the underlying assumption on the beam forming codebook has largely been constrained by the number of antenna elements rather than use case, the radiated performance of PRACH and RAR may be constrained by additional considerations, and a common set of assumptions on this codebook may not be as easy to derive across companies.
-	3GPP has historically not defined requirements for initial access due to the procedure’s dependency on many other factors, such as frequency scan optimizations. 
-	Attempting to define a verification procedure and a set of RF requirements in such an unconstrained optimization space may not result from a menaingful requirement in the specification

Referring back to the discussion related to SSB based beam correspondence, we observe the following:

[bookmark: _Toc32566455][bookmark: _Toc32566558][bookmark: _Toc32566567][bookmark: _Toc32581033][bookmark: _Toc32581320][bookmark: _Toc32581374][bookmark: _Toc37420538]Observation 1:	If we consider a beam refinement procedure based on SSB from the perspective of UE functionality under a sub-optimal network configuration which does not include CSI-RS for the P3 procedure, then it may be helpful to consider a requirement on SSB based beam correspondence with the understanding that performance between SSB based and SSB+CSI-RS based beam correspondence are taken into account, as summarized in [10].

We note that such a requirement can be applicable to the general case of beam refinement when CSI-RS for the P3 procedure is not present.  Thus, as a compromise, we propose the following:

[bookmark: _Toc32566457][bookmark: _Toc32566560][bookmark: _Toc32566569][bookmark: _Toc32581035][bookmark: _Toc32581322][bookmark: _Toc32581376][bookmark: _Toc37420540]Proposal 1:	RAN4 shall not define any requirements on initial access.

[bookmark: _Toc32566458][bookmark: _Toc32566561][bookmark: _Toc32566570][bookmark: _Toc32581036][bookmark: _Toc32581323][bookmark: _Toc32581377][bookmark: _Toc37420541]Proposal 2:	RAN4 shall consider whether a requirement is needed to verify UE beam refinement when CSI-RS for P3 procedure is not present.
2.2	Impact of carrier aggregation
In Rel-16 the FR2 DL CA feature is enhanced beyond the Rel-15 limitation of 800 MHz contiguous aggregate BW and 1400 MHz non-contiguous frequency separation up to 1400 MHz contiguous aggregate BW and 2400 MHz non-contiguous frequency separation.  In addition, as discussed in [5], the CA architecture for inter-band DL CA configurations with n258+n261 or n258+n257 shares common beam management for both bands, thereby increasing the total frequency span covered by the beam forming circuits up to 5250 MHz.  Following analogous arguments, inter-band DL CA configurations with n260+n259 could potentially span 6500 MHz.  Table 1 below summarizes the issue.

Table 1: Beam forming scenarios for carrier aggregation
	Frequency span (MHz)
	Example DL CA configuration
	Notes

	800
	n260F
	 “the same beam correspondence relationship for beam management is supported across CCs in Rel-15 and no requirement is specified” [38.101-2]

	1400
	n260A-A
	

	2400
	n260A-A
	Study needed to determine whether the Rel-15 requirement can be reused or should be updated to account for wider frequency span  

	4100
	n258A_n261A
	

	5250
	n258A_n257A
	

	6500
	n260A_n259A
	



Further improving the analysis from [7], an investigation of this issue was performed with the simulation assumptions listed in Table 2 below.

Table 2: Simulation assumptions for beam forming with CA
	Parameter
	Value
	Notes

	Antenna array size
	4x1, 2x2
	Assuming 2 panels (front & back placement)

	Element spacing
	5mm
	Value is implementation specific but represents the worst case for beam angle

	Element pattern
	See TR38.803
	

	Antenna impairments
	Not considered
	Antenna roll-off vs frequency was not considered in this analysis

	Phase shifter impairments
	See TR38.817-01
	Reuse gain variation and phase variation models from the Rel-15 beam correspondence study

	Transmission line impairments
	Modeled TL length and loss per element
	Transmission line lengths per antenna element, mismatch, and loss



The simulation scenario has the following problem statement: assuming the UE uses the codebook entry, optimized for CC1, what is the degradation of CC2 spherical coverage?  Figure 1 below illustrates the 50%-tile CDF gain loss for the 28 GHz (n258 intra-band and n258+n257) and (n260 intra-band and n260+n259) scenarios, respectively.  We note that in these simulations the codebook is optimized for CC1 placed at the left edge of the lowest-frequency band, and the placement of CC2 (to the right of CC1) is a swept parameter.  This represents the worst-case scenario, where the UE forms a beam based on measurements of CC1 and attempts to transmit on CC2 with the same beam.
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Figure 1: Degradation in the 50%-tile CDF vs. frequency separation

[bookmark: _Toc32324014][bookmark: _Toc32566456][bookmark: _Toc32566559][bookmark: _Toc32566568][bookmark: _Toc32581034][bookmark: _Toc32581321][bookmark: _Toc32581375][bookmark: _Toc37420539]Observation 2:	With increasing Fs, the phase of CC1 steering vector distorts the array response of CC2, and best beam selection optimized for CC1 degrades CC2 performance.

The wideband beam degradation effect can be summarized in the following terms:
-	For UL intra-band non-contiguous CA with Fs ≤ 1400 the impact is negligible, and the Rel-15 assumption of “the same beam correspondence relationship for beam management” can be retained.
-	For UL intra-band non-contiguous CA with 1400 < Fs ≤ 2400 the degradation in spherical coverage performance can be up to 0.6 dB.  Relative to the Fs = 1400 results, this degradation is 0.3 dB, however.
-	Because UL inter-band CA is out of scope of Rel-16, the remaining wideband beam degradation scenarios are applicable to DL only and are addressed in our paper on spherical coverage EIS for inter-band CA.

[bookmark: _Toc24074408][bookmark: _Toc24074425][bookmark: _Toc24075737][bookmark: _Toc24076869][bookmark: _Toc24076933][bookmark: _Toc24077724][bookmark: _Toc24077798][bookmark: _Toc32305159][bookmark: _Toc32319026][bookmark: _Toc32319463][bookmark: _Toc32324017][bookmark: _Toc32566459][bookmark: _Toc32566562][bookmark: _Toc32566571][bookmark: _Toc32581037][bookmark: _Toc32581324][bookmark: _Toc32581378][bookmark: _Toc37420542]Proposal 3:	The Rel-16 requirement on beam correspondence for CA needs to be enhanced to include scope for UL intra-band non-contiguous CA.
[bookmark: _Toc32324018][bookmark: _Toc32566460][bookmark: _Toc32566563][bookmark: _Toc32566572][bookmark: _Toc32581038][bookmark: _Toc32581325][bookmark: _Toc32581379][bookmark: _Toc37420543]Proposal 4:	For UL intra-band non-contiguous CA with Fs ≤ 1400, the Rel-15 requirement can be re-used.
[bookmark: _Toc32324019][bookmark: _Toc32566461][bookmark: _Toc32566564][bookmark: _Toc32566573][bookmark: _Toc32581039][bookmark: _Toc32581326][bookmark: _Toc32581380][bookmark: _Toc37420544]Proposal 5:	For UL intra-band non-contiguous CA with 1400 < Fs ≤ 2400 the EIRP spherical coverage requirement is relaxed by 0.3 dB.
2.3	Beam correspondence capabilities
With the scope of Rel-16 beam correspondence enhancements becoming clear, a discussion of UE capabilities related to this feature becomes useful.  Considering that the Rel-15 beam correspondence capability has defined two UE types:  “bit-0” UEs which require UL beam sweeping assistance to achieve spherical coverage performance and “bit-1” UEs which achieve spherical coverage performance based on autonomous UL beam selection, we first check whether the Rel-16 enhancements can be applicable to both UE types.  Since “bit-0” UEs can also feasibly support Rx beam sweeping procedures based on SSB only and also based on CSI-RS only, then it should not be necessary to preclude such UEs from the applicability to the Rel-16 enhancement.  Similarly, “bit-1” UEs can feasibly support the enhancement.

[bookmark: _Toc24076870][bookmark: _Toc24076934][bookmark: _Toc24077725][bookmark: _Toc24077799][bookmark: _Toc32305160][bookmark: _Toc32319027][bookmark: _Toc32319464][bookmark: _Toc32324020][bookmark: _Toc32566462][bookmark: _Toc32566565][bookmark: _Toc32566574][bookmark: _Toc32581040][bookmark: _Toc32581327][bookmark: _Toc32581381][bookmark: _Toc37420545]Proposal 6:	Rel-16 beam correspondence enhancements can be applicable to both Rel-15 beam correspondence types of UEs (bit-0 and bit-1) and are independent of the Rel-15 beam correspondence capability.

It should be further discussed whether it is necessary to introduce a separate capability for Rel-16 beam correspondence enhancement.  Clearly, UE design flexibility is maximized if an optional capability for this feature can be introduced; on the other hand, if the enhancements enable other important features (such as carrier aggregation) or lead to network performance benefits, then the signaling may need to reflect either the dependency structure or the network needs.
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Considering the overall Rel-16 workload for RAN4 RF, it does not seem feasible to address the RAN Plenary guidance on BC performance enhancement within the Rel-16 timeframe.

[bookmark: _Toc32581329][bookmark: _Toc32581383][bookmark: _Toc37420547]Proposal 8:	RAN4 should discuss further beam correspondence enhancements, including proposed enhancements based UE measurement including RSRP and/or L1-SINR, in the context of further enhancements in Rel-17.
3	Conclusions
This contribution has provided our views on the topic of beam correspondence enhancement in Rel-16 and has made the following observations and proposals:

Observation 1:	If we consider a beam refinement procedure based on SSB from the perspective of UE functionality under a sub-optimal network configuration which does not include CSI-RS for the P3 procedure, then it may be helpful to consider a requirement on SSB based beam correspondence with the understanding that performance between SSB based and SSB+CSI-RS based beam correspondence are taken into account, as summarized in [10].
Observation 2:	With increasing Fs, the phase of CC1 steering vector distorts the array response of CC2, and best beam selection optimized for CC1 degrades CC2 performance.

Proposal 1:	RAN4 shall not define any requirements on initial access.
Proposal 2:	RAN4 shall consider whether a requirement is needed to verify UE beam refinement when CSI-RS for P3 procedure is not present.
Proposal 3:	The Rel-16 requirement on beam correspondence for CA needs to be enhanced to include scope for UL intra-band non-contiguous CA.
Proposal 4:	For UL intra-band non-contiguous CA with Fs ≤ 1400, the Rel-15 requirement can be re-used.
Proposal 5:	For UL intra-band non-contiguous CA with 1400 < Fs ≤ 2400 the EIRP spherical coverage requirement is relaxed by 0.3 dB.
Proposal 6:	Rel-16 beam correspondence enhancements can be applicable to both Rel-15 beam correspondence types of UEs (bit-0 and bit-1) and are independent of the Rel-15 beam correspondence capability.
Proposal 7:	RAN4 should discuss how to define a new capability related to Rel-16 beam correspondence enhancement.
Proposal 8:	RAN4 should discuss further beam correspondence enhancements, including proposed enhancements based UE measurement including RSRP and/or L1-SINR, in the context of further enhancements in Rel-17.
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