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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 [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 this contribution we address the aspects identified in the way forward and also address one additional aspect related to DL inter-band CA architecture in FR2, as described in [3].
2	Discussion
2.1	Beam correspondence based on SSB only
In order to implement the enhancement of BC based on SSB only, we must make an assumption that the UE is capable of Rx beam refinement (the P3 procedure) based on the SSB reference signal without any CSI-RS present.  It should be understood that beam refinement under such conditions is sub-optimal for the following reasons:
-	Given the agreement to reuse the Rel-15 SSB configuration, the periodicity of SSB for this requirement is 20 ms; thus, if the UE needs to receive more than one SSB instance to perform Rx beam selection, it must wait in multiples of 20 ms for each beam in the UE’s codebook (in the worst case)
-	As an illustration, consider a UE with two panels and a 6 beam codebook per panel; if the UE requires 2 SSB instances for each beam to determine Rx beam quality, then it takes 480ms to sweep the codebook.  It is not clear whether such performance is well optimized for pedestrian mobility conditions (including UE rotation)
-	In field conditions the DL signal is Doppler shifted due to the user’s motion (either lateral or rotational), and beam quality estimates based on the narrow band SSB progressively degrade with increasing Doppler when compared to beam quality estimates based on CSI-RS
-	Due to the high latency associated with the P3 procedure based on SSB only, a UE implementation may consider trade-offs against this latency (and the associated power consumption as well as degraded user experience):  it may utilize a code book with a reduced number of beams, as an example
Based on the above observations, BC based on SSB only is not so much an enhancement of UE capabilities to bring about better performance or greater benefit to the user’s experience; it is rather an enhancement to overcome certain deployment challenges on the network side which prevent the configuration of CSI-RS resources for this task.  
[bookmark: _Toc13820865][bookmark: _Toc13820963][bookmark: _Toc13823287][bookmark: _Toc13823509][bookmark: _Toc13823765][bookmark: _Toc20818539][bookmark: _Toc20818549][bookmark: _Toc20818593][bookmark: _Toc20818618][bookmark: _Toc20818631][bookmark: _Toc20871520][bookmark: _Toc23750737][bookmark: _Toc23751357][bookmark: _Toc23753254][bookmark: _Toc24074423][bookmark: _Toc24075735][bookmark: _Toc24076867][bookmark: _Toc24076928][bookmark: _Toc24077719][bookmark: _Toc24077793]Observation 1:	An Rx beam refinement (P3) procedure based on SSB only for PDSCH is expected to require more time than a procedure based on CSI-RS under typical field conditions with user mobility
If we consider this enhancement purely from the perspective of UE functionality under sub-optimal network deployment conditions (i.e. network without CSI-RS configured for the P3 procedure), then it makes sense to consider a purely functional verification of this requirement.
[bookmark: _Toc24028843][bookmark: _Toc24028876][bookmark: _Toc24032040][bookmark: _Toc24032320][bookmark: _Toc24041164][bookmark: _Toc24041771][bookmark: _Toc24049162][bookmark: _Toc24074407][bookmark: _Toc24074424][bookmark: _Toc24075736][bookmark: _Toc24076868][bookmark: _Toc24076932][bookmark: _Toc24077723][bookmark: _Toc24077797]Proposal 1:	BC based on SSB only can be verified functionally, e.g. with an RRM test, without resorting to an RF requirement that is verified using the spherical coverage test.
We further note that a study to quantify the performance difference between BC based on SSB only and BC based on CSI-RS only requires alignment on the codebook assumptions as well as the number of SSB instances available for each Rx beam quality determination.
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 [3], the CA architecture for “Low+Low” inter-band DL CA 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, “High+High” inter-band DL CA (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” [5]

	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
	



An initial 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
	

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

	Element pattern
	See TR38.803 [6]
	

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

	Phase shifter impairments
	Not considered
	Gain variation and phase variation were not considered in this preliminary analysis

	Transmission line impairments
	Not considered
	Differences in transmission line lengths among antenna elements and mismatch were not considered in this preliminary analysis



The low band (LB+LB) CA array pattern analysis calculates the beam forming vector in CC1 (e.g. 24.25 GHz), steering the scan angle to boresight and 60º off boresight and for CC2 (separated by a varying frequency span) by applying the same coefficients as those that were used for CC1.  The normalized array patterns are plotted in Figure 1 below.
[image: ]
Figure 1: LB+LB analysis of beam forming with CA 
The high band (HB+HB) CA array pattern analysis calculates the beam forming vector in CC1 (e.g. 37 GHz), steering the scan angle to boresight and 30º off boresight and for CC2 (separated by a varying frequency span) by applying the same coefficients as those that were used for CC1.  The normalized array patterns are plotted in Figure 2 below.
[image: ]
Figure 2: HB+HB analysis of beam forming with CA 
We observe that the boresight beam may not be impacted by the frequency span, while beams steered away from boresight exhibit differences in the peak angle compared to the reference pattern.  Since the preliminary results have masked gain differences with the normalization, an evaluation of the gain differences is needed in order to enable a complete analysis of the impact of beam forming with CA on the spherical coverage performance of the UE.
[bookmark: _Toc24074408][bookmark: _Toc24074425][bookmark: _Toc24075737][bookmark: _Toc24076869][bookmark: _Toc24076933][bookmark: _Toc24077724][bookmark: _Toc24077798]Proposal 2:	An investigation of the impact of beam forming with CA on beam correspondence in terms of spherical coverage performance is needed to finalize the beam correspondence with CA requirement in Rel-16.
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]Proposal 3:	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.
[bookmark: _Toc24076871][bookmark: _Toc24076935][bookmark: _Toc24077726][bookmark: _Toc24077800]Proposal 4:	RAN4 should discuss the capability signaling related to Rel-16 beam correspondence.
2.4	Beam correspondence for initial access
One contribution proposed defining beam correspondence requirements during initial access [7].  Even though this proposal is outside the scope of the work item, in our understanding, it nevertheless merits a response, since proposals on this concept originated during the Rel-15 NR work item timeframe [8].
The proposed requirement in [7] is as follows:
6.2.5	Beam correspondence during intial access
[bookmark: _Hlk997929]UEs that support beam correspondence shall have the ability to select a corresponding beam for UL transmission based on DL measurements without relying on network-assisted UL beam management.
[bookmark: _Hlk1028967]During intial access the UE shall meet the spherical coverage requirement for PRACH transmissions specified in Table 6.2.5-1. The PRACH shall be configured such that the maximum preamble power is attained in each direction. The spherical coverage requirement is specified in terms of the a minimum preamble EIRP at the 50th percentile of the distribution of radiated power over the full sphere with power levels normalized to the radiated preamble power measured in the maximum direction subject to an additional requirement on the minimum absolute power in the direction of the maximum preamble EIRP. Furthermore, in the direction of maximum radiated preamble power, the UE shall be able to receive a Random Access Response (Msg2) at a TBD dB lower SSB (or CSI-RS) transmission power than that required for reception of Random Access Response in any direction for which the measured maximum radiated preamble power is more than TBD below the corresponding power in the direction of maximum. The Random Access Response reception is considered successful once a Msg3 is transmitted. 

Table 6.2.5-1: UE spherical coverage for PRACH transmissions (power class 3)
	Operating band
	Min relative EIRP at 50th percentile CDF 
[dB]
	Minimum absolute PRACH power in the direction of maximum
[dBm]

	n257
	[-10]
	[15]

	n258
	
	

	n260
	
	

	n261
	
	

	NOTE 1:	The PRACH shall be configured such that the maximum radiated preamble power is attained in each direction.
NOTE 2:	




Our understanding of this proposal is that it is in two parts:  one part proposing a requirement on UE spherical coverage for PRACH transmission and another part proposing an EIS requirement on RAR (Msg2) reception.
Referring to the RRM specification in TS38.133 [9], we observe that the random access preamble transmission test case already includes components which address the first part of the proposal in [7]:
A.5.3.2.2.1.2.1	Random Access Preamble Transmission
To test the UE behavior specified in Subclause 6.2.2.2.1.1 the System Simulator shall receive the Random Access Preamble which belongs to one of the Random Access Preambles associated with the SSB with index 0, which has SS-RSRP above the configured rsrp-ThresholdSSB.
In addition, the power applied to all preambles shall be in accordance with what is specified in Subclause 6.2.2.2. The power of the first preamble shall be [TBD] dBm with an accuracy specified in clause 6.3.4.2 of TS 38.101-2 [19]. The relative power applied to additional preambles shall have an accuracy specified in clause 6.3.4.3 of TS 38.101-2 [19].
The transmit timing of all PRACH transmissions shall be within the accuracy specified in Subclause 7.1.2.

Looking further in the RRM specification, the test setup used for this test case is “Setup 2b,” which is defined as follows [9]:
A.3.15.2.2	Setup 2b: Single AoA in non Rx beam peak direction with change in direction
There is only one active probe in the test. The DL signals, and noise if applicable, transmitted from the probe, align to a direction (AoA) which is from the set of directions corresponding to the EIS spherical coverage percentile of the DUT as defined in clause 7.3.4 of TS 38.101-2 [19] for each UE power class. For UE power class 3, the direction (AoA) of the signals shall be changed for each test iteration (for UE power classes other than 3, this is FFS).

Thus, by controlling the accuracy of the test case requirement and the number of randomized beam directions in the test setup, it should be possible to achieve the same confidence in PRACH transmission performance as was intended in [7].
[bookmark: _Toc20917547][bookmark: _Toc20918969][bookmark: _Toc20919005][bookmark: _Toc13820616][bookmark: _Toc13820625][bookmark: _Toc24076929][bookmark: _Toc24077720][bookmark: _Toc24077794]Observation 2:	The existing RRM test case on random access preamble transmission provides sufficient test coverage for PRACH transmission. 
The RRM specification also defines a test case for random access response reception [9]:
A.5.3.2.2.1.2.2	Random Access Response Reception
To test the UE behavior specified in Subclause 6.2.2.2.1.2 the System Simulator shall transmit a Random Access Response containing a Random Access Preamble identifier corresponding to the transmitted Random Access Preamble after 5 preambles have been received by the System Simulator. In response to the first 4 preambles, the System Simulator shall transmit a Random Access Response not corresponding to the transmitted Random Access Preamble.
The UE may stop monitoring for Random Access Response(s) and shall transmit the msg3 if the Random Access Response contains a Random Access Preamble identifier corresponding to the transmitted Random Access Preamble.
The UE shall again perform the Random Access Resource selection procedure specified in clause 5.1.2 in TS38.321 [7], and transmit with the calculated PRACH transmission power when the backoff time expires if all received Random Access Responses contain Random Access Preamble identifiers that do not match the transmitted Random Access Preamble.
In addition, the power applied to all preambles shall be in accordance with what is specified in Subclause 6.2.2.2. The power of the first preamble shall be [TBD] dBm with an accuracy specified in clause 6.3.4.2 of TS 38.101-2 [19]. The relative power applied to additional preambles shall have an accuracy specified in clause 6.3.4.3 of TS 38.101-2 [19].
The transmit timing of all PRACH transmissions shall be within the accuracy specified in Subclause 7.1.2.

This test case is also performed in “Setup 2b.”  It is our understanding that by controlling the accuracy of the test case requirement and the number of randomized directions in the test setup, it should be possible to achieve the same confidence in RAR reception performance as was intended in [7].
[bookmark: _Toc20918970][bookmark: _Toc20919006][bookmark: _Toc24076930][bookmark: _Toc24077721][bookmark: _Toc24077795]Observation 3:	The existing RRM test case random access response reception provides sufficient test coverage for RAR reception. 
[bookmark: _Toc13823832][bookmark: _Toc20917548][bookmark: _Toc13821307][bookmark: _Toc13823307]One aspect that is present in the proposal in [7] and which is not explicitly identified in the RRM requirements is beam correspondence.  During the random access procedure (e.g. during initial access or cell re-selection), there is not mechanism in the RAN specification to define an uplink beam sweeping procedure to assist the UE in UL beam selection.  Thus, unlike the case with CONNECTED mode, when SRS based UL beam sweeping enabled two different UE capabilities associated with beam correspondence, during PRACH the UE can only select UL beams based on measurements of DL signals.  Thus, it is our understanding that beam correspondence is an implicit assumption in the FR2 requirements on RACH procedures.
[bookmark: _Toc20918971][bookmark: _Toc20919007][bookmark: _Toc24076931][bookmark: _Toc24077722][bookmark: _Toc24077796]Observation 4:	Beam correspondence is an implicit assumption in the FR2 requirements on RACH procedures and do not need to be defined explicitly in this context.
[bookmark: _Toc20918972][bookmark: _Toc20919008][bookmark: _Toc24076936][bookmark: _Toc24077727][bookmark: _Toc24077801]Proposal 5:	Because the RRM specification has already defined requirements and test cases for PRACH transmission and RAR reception, no additional RF requirements on beam correspondence for initial access are needed. 
2.5	Measurement reporting 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 [10] 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. 

[image: ]  

	(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 3: Enhancing UL Tx beam sweep with partial beam correspondence


[bookmark: _Toc24077728][bookmark: _Toc24077802]Proposal 6:	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.
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:	An Rx beam refinement (P3) procedure based on SSB only for PDSCH is expected to require more time than a procedure based on CSI-RS under typical field conditions with user mobility
Observation 2:	The existing RRM test case on random access preamble transmission provides sufficient test coverage for PRACH transmission.
[bookmark: _GoBack]Observation 3:	The existing RRM test case random access response reception provides sufficient test coverage for RAR reception.
Observation 4:	Beam correspondence is an implicit assumption in the FR2 requirements on RACH procedures and do not need to be defined explicitly in this context.

Proposal 1:	BC based on SSB only can be verified functionally, e.g. with an RRM test, without resorting to an RF requirement that is verified using the spherical coverage test.
Proposal 2:	An investigation of the impact of beam forming with CA on beam correspondence in terms of spherical coverage performance is needed to finalize the beam correspondence with CA requirement in Rel-16.
Proposal 3:	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 4:	RAN4 should discuss the capability signaling related to Rel-16 beam correspondence.
Proposal 5:	Because the RRM specification has already defined requirements and test cases for PRACH transmission and RAR reception, no additional RF requirements on beam correspondence for initial access are needed.
Proposal 6:	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.
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