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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



During the RAN4 #94-e meeting a discussion of the open issues was recorded in [13], and WF based on majority view was submitted in [14].  The WF was not approved, however.
During the RAN4 #94e-bis meeting, the following was agreed on BC based on SSB [5]:

	WF1: Beam correspondence requirement based on SSB-only
-	Whether BC based on SSB-only requirement is feasible:
-	Yes, but need an applicability rule to minimize increase in test cases and test time compared with Rel-15
-	How to define the applicability rule for peak direction:
-	A single beam peak direction shall be chosen for other UL tests based on Rel-15 vs Rel-16 test-skipping rule
-	How much performance relaxation, ∆p, relative to the condition which assumes both SSB and CSI-RS are present
-	Option 1: Is feasible with ∆p = 0 dB
-	Option 2: Is feasible with 0 < ∆p ≤ 3 dB
-	Side condition for BC based on SSB-only
-	SSB min SNR level=6dB
-	Side condition for Tracking CSI-RS(use for DMRS of PDCCH)
-	min SNR level=6dB

WF2: capability for BC based on SSB-only
-	New capability for BC based on SSB-only is introduced:
-	Whether it is mandatory with capability or optional with capability will be discussed in feature list group
-	Relationship to the Rel-15 capability
-	Rel-16 beam correspondence enhancements can be applicable to both Rel-15 beam correspondence types of UEs (bit-0 and bit-1)
-	Further discuss on the details in the next RAN4 meeting

WF3: Test case applicability 
-	Rel-15 BC test is declared automatically passed if a UE passes Rel-16 BC test using the same SSB configuration and SNR as in Rel-15
-	Further discuss on the details in the next RAN4 meeting
-	FFS for test case simplification if performance degradation for SSB based BC can be agreed




During the RAN4 #94e-bis meeting, the following was agreed on BC based on CSI-RS [6]:

	Way Forward (1): ”CSI-RS only” condition
-	SSB shall be present and configured as part of side conditions for Rel-16 CSI-RS based BC
-	“CSI-RS only” condition shall be guaranteed to prevent UE making use of SSB for P3 beam refinement
-	The method to achieve “CSI-RS only” condition:
-	Alt 1: SSB and CSI-RS are present, but SSB’s PSD is backed-off by X dB from CSI-RS
-	Continue discussing how to determine X
-	Alt 2: Decrease SSB power until UE SSB based SS-SINR measurement reporting is ≤ [-3] dB
-	Alt 3: Decide on PSD difference for CSI-RS and SSB according to a calibration procedure [5]
-	Other alternatives can be discussed including the one where P1 CSI-RS QCL info is set to “none”

Note: it is agreed that in the final RAN4 specification, the term “CSI-RS only” will not be used

Way Forward (2):  Side conditions
-	The side conditions in the following table shall be used for BC based on CSI-RS for alt. 1-3
-	SNR side condition
-	CSI-RS min SNR level: 6dB

	Parameter
	Value

	P1 CSI-RS configuration
	Yes

	P1 CSI-RS periodicity
	Slot80(120kHz)

	P1 CSI-RS QCL info
	qcl-TypeD to SSB

	P2 CSI-RS configuration
	No

	P3 CSI-RS configuration
	Yes

	P3 CSI-RS repetitions per resource set
	maxNumberRxBeam in UE capability IE of MIMO-ParametersPerBand

	P3 CSI-RS configuration repetition
	On

	P3 CSI-RS trigger
	once P1 CSI-RS is finished

	P3 CSI-RS QCL info
	qcl-TypeD to P1 CSI-RS

	Tracking CSI-RS periodicity
	Reuse Rel-15






In this contribution we provide a text proposal to TR38.831 with the intention of capturing the majority view on the remaining open issues.  The text proposal can serve as a vehicle for further revisions during the meeting and can be an efficient way to capture the eventual agreements.

The text proposal on BC based on SSB was compiled based on the following company contributions: [15], [16], [12].  The text proposal on BC based on CSI-RS was compiled based on the following company contributions: [16], [17], [18], [19].
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[bookmark: _Toc17903084]4.2	FR2 UE Beam Correspondence requirements
4.2.1	Beam correspondence based on SSB
4.2.1.1	Feasibility
A requirement on beam correspondence based on SSB verifies the UE’s ability to select its uplink beam based on measurements of SSB.  SSB is a mandatory signal with various repetition rates (5ms, 10ms, 20ms, 40ms, 80ms, and 160ms periodicity). As a reliable, repetitive resource, it can serve as a standard candle for the UE to evaluate its beams for best directional gain. It follows that SSB can indeed serve as a reference signal for beam correspondence. 
SSB-based beam correspondence is very important because it is the basis of initial acquisition. It also potentially allows faster roll-out of networks, because it requires a simpler set of signals from the gNB. These considerations generally imply both motivation and feasibility to use SSB as the sole reference signal for the UE to achieve beam correspondence.

A requirement on beam correspondence based on SSB, provided the side conditions can be guaranteed, presents a problem due to two sets of MOP: MOP requirements for SSB based BC and CSI-RS based BC. Two sets of MOP indicated not only MOP test will be doubled, but also other TX test cases will be affected. Two sets of MOP test may produce two different beam peak direction, however, most of other TX test cases are based on unique beam peak direction. Two different beam peak direction will make other TX test cases ambiguous. It is not reasonable and not affordable to test all TX test cases two times based on the two beam peak direction respectively.  Not only beam peak direction, but also side condition will be used for other TX test case. According to TS 38.101-2, beam correspondence side conditions for SSB and CSI-RS will be used for other test cases.  Based on above observations, it can be concluded that SSB based BC is not feasible, unless side condition can be guaranteed and two sets of MOP issue can be addressed.  One possible approach is that SSB based BC will be set as an optional feature, if UE supports SSB based BC, then MOP based on SSB based BC will be considered as the unique MOP, and CSI-RS based BC test shall be skipped; if UE does not support SSB based BC, MOP will be based on CSI-RS based BC.

Even though BC is based on L1-RSRP, the Rx codebook size for SSB and CSI-RS can still be significant different.  For SSB based L1-RSRP, total 8Rx beams are assumed, i.e. N=8 for the measurement period TL1-RSRP_Measurement_Period_SSB defined in Table 9.5.4.1-1, TS38.133. Since the UE cannot assume QCL between SSB used for L3 measurement and SSB for L1 measurement, Rx refinement for SSB cannot be easily assumed. Meanwhile, SSB based L3 measurement is critical to comply with in order to guarantee UE’s mobility performance. Due to this reason, it has been specified in TS38.133 that up to 24 SMTC can be used for cell detection and measurement, respectively. Based on this analysis, all UE designs cannot be assumed to implement more than 8 Rx beams, since further increasing the number of Rx beam for SSB measurements including L1-RSRP and L3 can lead to a trade-off in measurement accuracy and/or delay.

The situation for CSI-RS based measurement is quite different. CSI-RS based Rx refinement for L1-RSRP can be realized by P1/P2/P3 CSI-RS configurations. Even for L3 measurement, it is noted that there is no CSI-RS L3 measurement/reporting requirements in Rel-15. Therefore, UE has the flexibility to implement large codebook for Rx beamforming. It is also reasonable to assume the restriction on Rx beam sweeping can be largely relaxed for CSI-RS measurement since UE’s mobility performance can be maintained by SSB based L3 measurement. Rel-15 UE can take advantage this by configuring denser Rx beam sweeping for CSI-RS than SSB.

An analysis of the performance degradation with SSB only based beam correspondence, when compared to SSB+CSI-RS based beam correspondence, has been performed based on the following simulation assumptions:
-	SSB SNR level is specified as per antenna elements. Depending on Rx antenna array configuration, additional Rx beamforming gain should be considered to derive the baseband SNR for RSRP measurement.
-	Additional RSRP measurement inaccuracy margin due to implementation is also considered. In the simulations, implementation margin is uniformly distributed within [-X dB, +X dB], where X=2 or 4. 
-	P3 CSI-RS is not considered in the evalatuion of SSB-only based BC performance.
-	Different antenna array configurations are evaluated.
-	The evaluation matric are defined as the CDF of 50-percentile EIRP differences between SSB based and SSB+CSI-RS based BC.
-	Different size of Rx beam codebooks are assumed for SSB and CSI-RS measurement. More specifically, codebook size of 4 and 8 are considered for SSB related Rx beam sweeping and codebook size of 16 and 32 are assumed for CSI-RS related Rx beam sweeping

The detailed simulation procedure can be described as follows:

For ue_cnt = 1 To num_UE
For sample = 1 To num_sample_in_a_sphere
   Measure RSRP_SSB over Rx beams in SSB_CODEBOOK
   Find SSB_rx_beam by maximizing RSRP_SSB
   Find SSB_tx_beam by adding UL mismatch to SSB_rx_beam
   Measure EIRP_SSB(sample)

   Measure RSRP_CSIRS over Rx beams in CSIRS_CODEBOOK
   Find CSIRS_rx_beam by maximizing RSRP_CSIRS
   Find CSIRS_tx_beam by adding UL mismatch to CSIRS_rx_beam
   Measure EIRP_CSIRS(sample)
END
50-percentile_EIRP_loss_SSB_wrt_CSIRS(ue_cnt) = 50-percentile (EIRP_CSIRS) - 50-percentile(EIRP_SSB)
END

The simulation results are illustrated in Figures 4.2.1.1-1 and 4.2.1.1-2 below.
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Figure 4.2.1.1-1: 50%-tile EIRP loss between SSB and SSB+CSI-RS based BC with different RSRP implementation margin, 2x2 antenna array aonfiguration
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Figure 4.2.1.1-2: 50%-tile EIRP performance loss between SSB and SSB+CSI-RS based BC with different RSRP implementation margin, 4x1 Antenna Array Configuration
The simulation results can be summarized as follows:

Table 4.2.1.1-1: 50th percentile EIRP Loss at 90th percentile
	
	Num beams per array for SSB
	Num beams per array for CSI-RS
	SSB SNR Level (dB)
	EIRP Loss (dB) with zero RSRP margin
	EIRP Loss (dB) with Implementation Margin of 2dB for RSRP
	EIRP Loss (dB) with Implementation Margin of 4dB for RSRP

	Antenna array with 2x2 Dual-Pol elements
	4
	16
	6
	3.4
	4.7
	4.5

	
	
	
	13
	2.2
	2.1
	2.0

	
	8
	16
	6
	2.5
	2.9
	3.3

	
	
	
	13
	1.7
	1.6
	1.8

	
	4
	32
	6
	3.6
	4.0
	5.1

	
	
	
	13
	2.6
	2.2
	2.4

	
	8
	32
	6
	2.8
	3.1
	3.6

	
	
	
	13
	1.9
	1.8
	2.2

	Antenna array with 4x1 Dual-Pol elements
	4
	16
	6
	3.3
	3.1
	4.0

	
	
	
	13
	2.2
	1.9
	1.8

	
	8
	16
	6
	1
	1
	1.6

	
	
	
	13
	0.8
	0.5
	0.6

	
	4
	32
	6
	3.4
	3.5
	5.0

	
	
	
	13
	2.4
	2.1
	2.1

	
	8
	32
	6
	1
	1.2
	2.3

	
	
	
	13
	0.8
	0.6
	0.7



The performance difference is taken into account in the requirement definition.
4.2.1.2	Side conditions
The side conditions for the requirement are summarized in Table 4.2.1.2-1 below.

Table 4.2.1.2-1: Side conditions for beam correspondence based on SSB
	Parameter
	Value

	SSB min SNR level
	6 dB

	SSB periodicity
	20 ms

	P1 CSI-RS configuration
	Not used

	P3 CSI-RS configuration
	Not used

	Use tracking CSI-RS configuration?
	Yes

	Tracking CSI-RS QCL info
	qcl-TypeD=SSB

	Tracking CSI-RS min SNR level
	6 dB

	PDCCH/PDSCH DM-RS QCL info
	qcl-TypeD=TRS

	NOTE 1:	RAN4 didn’t assume more than [1] SSB indices should be transmitted
NOTE 2:	SSB use configuration for Rel-15 which is specified in 38.508 per agreed in RAN4 #92bis meeting



4.2.2	Beam correspondence based on CSI-RS
4.2.2.1	Feasibility
RAN4 has discussed four potential methods to achieve a test condition where the UE can be expected to perform beam correspondence based on the CSI-RS signal only:
-	Method 1: DUT is configured with an active BWP containing no SSB
-	Method 2: SSB in wide beam and CSI-RS in fine beam from test equipment
-	Method 3: SSB and CSI-RS are present, but SSB’s PSD is back-off by XdB from CSI-RS
-	Method 4: Decrease SSB power until UE SSB based SS-SINR measurement reporting is ≤ [-3] dB

RAN4 has ruled out Method 1 due to incompatibility with CBW=400 MHz and the potential for the UE to switch BWPs to continue measuring SSB.  RAN4 has also ruled out Method 2 due to testability concerns, since beam width characteristics are not varied by test equipment in the RF test setup.

Some companies have indicated that the CSI-RS only condition may not be typically observed a network and have requested further study to identify the deployment scenario that this test is going to verify before agreeing the requirement.
4.2.2.2	Side conditions
The side conditions for beam correspondence based on CSI-RS are listed in Table 4.2.2.2-1 below.

Table 4.2.2.2-1: Side conditions for beam correspondence based on CSI-RS
	Parameter
	Value

	P1 CSI-RS configuration
	Is configured

	P1 CSI-RS QCL info
	qcl-TypeD to SSB

	P1 CSI-RS periodicity
	Slot80(120kHz)

	P1 CSI-RS min SNR level
	6 dB

	P2 CSI-RS configuration
	Not used

	P3 CSI-RS configuration
	Is configured

	P3 CSI-RS QCL info
	qcl-TypeD to P1 CSI-RS

	P3 CSI-RS repetitions per resource set
	According to maxNumberRxBeam UE capability IE of MIMO-ParametersPerBand repetitions per resource set

	P3 CSI-RS configuration repetition
	on

	P3 CSI-RS min SNR level
	6 dB

	P3 CSI-RS trigger
	once P1 CSI-RS is finished

	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

	NOTE 1:	One company has proposed to define the P1 CSI-RS QCL info as qcl-TypeD=’none’ and the following P3 CSI-RS configuration: maxNumberRxBeam in UE capability IE of MIMO-ParametersPerBand repetitions per resource set QCL Type D to P1 CSI-RS



Further elaborating on NOTE 1 in Table 4.2.2.2-1, an examination of the RAN1 design and associated signaling is provided below.
In TS 38.214 and TS 38.331, CSI-RS can be configured as beam management usage with periodic and aperiodic, which are also defined as repetition on and off in TS 38.331. Where repetition is configured in CSI-RS resource set as below:
[image: 177A1A06-B8E3-4E93-8BC6-385EB5C93D4D]
 For periodic CSI-RS configuration, we copy the configuration IE as below:
[image: 052A5B90-DF47-4EB8-9F63-AD62A9A2C018]
[image: B68873ED-5EB8-4143-920D-7C16B32D10D8]
For QCL-info configuration, it is specified as optional present, which means the gNB/TE is allowed configure this QCL-Info as ‘none’. 
Meanwhile, in TS 38.214, QCL configuration for NZP-CSI-RS-ResourceSet with higher layer parameter repetition is specified as below:
For a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition, the UE shall expect that a TCI-State indicates one of the following quasi co-location type(s):
-	'QCL-TypeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'QCL-TypeD' with the same CSI-RS resource, or
-	'QCL-TypeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'QCL-TypeD' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition, or
-	'QCL-TypeC' with an SS/PBCH block and, when applicable, 'QCL-TypeD' with the same SS/PBCH block.

From TS 38.214, we can see that ‘QCL-TypeD’ is not always provided by gNB reflecting with the word “when applicable”.  Based on the above, periodic CSI-RS beam management can be configured as QCL-info=’none’ which is justified with RAN1/2 specification.
If a configuration is defined with periodic CSI-RS(P1 CSI-RS), which is QCL-ed with SSB for CSI-RS only test case, then from the perspective of beam management, the proposed configuration actually means UE can skip P1 CSI-RS measurement and just use the maintenance on SSB measurement as the P1 measurement result, even if there is XdB PSD difference between SSB and CSI-RS. Combining with aperiodic CSI-RS configuration (P3 CSI-RS), it actually a test case with both SSB and CSI-RS, which violates the objective in the WID. 
Given these considerations, the motivation to define the side conditions as shown in Table 4.2.2.2-1 is based on the observation that configuring CSI-RS with ‘qcl-TypeD = none’ in FR2 is not fully supported by the current specification.  As background, in order to resolve issues that may arise when such an unexpected configuration is provided by network, it proposed in RAN1 to add default QCL assumption so that a subsequent UE behavior can be clearly defined. This, however, was not accepted by RAN1.  As an outcome, even in RAN1, where CSI-RS configurations and pertinent UE behavior should be defined, there was no clear assumption on default QCL and subsequent UE behavior when qcl-TypeD of periodic CSI-RS is absent. Therefore, all test cases requiring periodic CSI-RS should avoid configuring qcl-typeD = ‘none’.

There may also be technical implementation issues which can be caused by P1 CSI-RS configuration with qcl-typeD = ‘none’.  An initial UE Rx beam for P1 CSI-RS would not be optimized because UE cannot use the Rx beam obtained from SSB, which makes UE consume more time and energy to train its Rx beam based on P1 CSI-RS.
If there is no explicit QCL relation between SSB and P1 CSI-RS, UE would have to conduct two independent beam managements which may end up with conflict with each other.  When P1 CSI-RS based beam tracking fails, UE cannot fallback to SSB-based Rx beam without going through RLF.

<< end of text proposal >>
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—— TAG-NZP-CSI-RS-RESOURCESET-START.
NZP-CSI-RS-ResourceSet SEQUENCE {v
nzp-CSI-ResourceSetId NZP-CSI-RS-ResourceSetId,«
nzp-CSI-RS-Resources SEQUENCE (SIZE (1..maxNrofNZP-CSI-RS-ResourcesPersSet))
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NZF-Col-Ko-Kesource Information element-

ART

NZP-CSI-RS-Resource

SEQUENCE {«

nzp-CSI-RS-Resourceld NZP-CSI-RS-Resourceld,«

resourceMapping CSI-RS-ResourceMapping, <

powerControlOffset INTEGER (-8..15),¢
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k Conditional Presence- Explanation-

Periodic- The field is optionally present, Need M, for periodic NZP-CSI-RS-Resources (as indicated in CSI-ResourceConfig). The field
is absent otherwise.-
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