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1	Introduction
The scope of the FR2 RF work item includes the following aspects directly related to beam correspondence enhancement [1]:
FR2 UE Beam Correspondence requirements to ensure that UE performs beam correspondence based on DL reference signal (SSB or CSI-RS) configured by the network
-	This work is started after RAN#84 when the Rel-15 Beam Correspondence requirements are completed
-	UE capability for supporting SSB based on BC and/or CSI-RS based on BC will be further discussed in WI phase.
-	These requirements are only valid from Rel-16 onwards

In addition, the introduction of non-contiguous UL CA and inter-band UL CA also may impact the definition and applicability of this requirement to these UL CA cases.
This paper provides our initial views on the scope of beam correspondence enhancements in Rel-16.
2	Discussion
2.1	Reference signal density aspects
The Rel-15 requirement on beam correspondence has assumed the presence of both SSB and CSI-RS for the purpose of deriving the RSRP estimation error (as it relates to the accuracy of UL beam selection) and the SNR side conditions.  The Rel-16 work item objective to determine whether to define a UE capability for supporting SSB based BC and/or CSI-RS based BC can be understood in two ways:
1)	The objective is intended to trigger a new evaluation of beam correspondence tolerance evaluations in an effort to define new RF requirements for a UE selecting UL beams based on measurements of SSB only or CSI-RS only.
2)	The objective is intended to provide a functional verification of the UE’s ability to select UL beams based on measurements of SSB only or CSI-RS only without necessarily reopening the RF requirement values on beam correspondence.
[bookmark: _Toc16557492][bookmark: _Toc16557787][bookmark: _Toc16617267][bookmark: _Toc16619918]Observation 1:	Given the workload of Rel-16 NR RF in general and the relative value of items 1) and 2) above, it is our understanding that the Rel-16 work item beam correspondence objective is intended to provide a functional verification of the UE’s ability to select UL beams based on measurements of SSB only or CSI-RS only without necessarily reopening the RF requirement values on beam correspondence.
[bookmark: _Toc16550842][bookmark: _Toc16557495][bookmark: _Toc16557790]Based on the analysis of DL SNR side conditions for the Rel-15 requirement on bream correspondence in [3], we note that the UE’s ability to select an UL beam is directly related to the accuracy with which it estimates the optimal DL beam and is driven by RSRP error.  The RSRP error depends on SNR condition, which, in turn, depends on the RS density of the signal which the UE is configured to use for UL beam selection.
One approach to defining the SSB only/CSI-RS only BC requirement is to focus on SNR side conditions derived from typical SSB and CSI-RS configurations in the following way:
-	Baseline: identify the typical SSB and CSI-RS configuration which can represent the RS density of the Rel-15 requirement as a baseline
-	SSB only: determine the RS density reduction from baseline
-	CSI-RS only: determine the typical CSI-RS configuration in this scenario and determine the RS density reduction from baseline
-	Given the side conditions for the baseline case (i.e. the Rel-15 requirement), determine the side conditions for SSB only and CSI-RS only cases based on RS density reductions determined above
[bookmark: _GoBack]This approach allows us to maintain the same beam correspondence RF requirement for these cases by simply adjusting the SNR side conditions in the test setup to match the RS density reduction from baseline for each applicable case.
It can also be useful to identify ways to reduce the overall testing time, such that the entire spherical coverage test measurement is not performed multiple times
[bookmark: _Toc16617268][bookmark: _Toc16619921]Proposal 1:	To define the Rel-16 requirement for beam correspondence based on SSB only and/or CSI-RS only use the RS density reduction approach to adjust the SNR side conditions without modifying the RF requirement. 
2.2	UL carrier aggregation aspects
From the perspective of UL beam selection based on DL measurements, a number CA scenarios can be considered, as illustrated in Figure 1 below.
a)[image: ]b) [image: ]
c) [image: ]d) [image: ]
Figure 1: Beam correspondence scenarios with carrier aggregation 
The Rel-15 beam correspondence requirement for intra-band contiguous CA (limited to 800 MHz aggregate BW in Rel-15) captures the following formulation [2]:
For intra-band CA in FR2, the same beam correspondence relationship for beam management is supported across CCs in Rel-15 and no requirement is specified. Beam correspondence performance for intra-band CA is fulfilled if the beam correspondence requirements defined in section 6.6 is met for non-CA case.
[bookmark: _Toc16619919]Observation 2:	The phrase “the same beam correspondence relationship for beam management is supported across CCs” implies that the UE shall be able to make DL measurements anywhere within the CCs (scope limited to contiguous UL CA up to 800 MHz aggregate BW) and be able to form the UL beam for an UL allocation anywhere within the CCs.
This scenario is captured in Figure 1a.
A potential enhancement of the UL aggregate BW for contiguous UL CA in Rel-16 can motivate Figure 1b and the associated analysis of whether the same beam correspondence formulation can be applied to this case.
Considering UL non-contiguous CA (Figure 1c), the following aspects need clarification:
-	Can the same beam correspondence relationship hold across non-contiguous UL CCs if their frequency separation is bounded by X MHz?
-	Are there any other considerations from the network or UE perspective which may invalidate this formulation?
Considering UL inter-band CA (Figure 1d), it is reasonable to refer to the reference UE RF architecture which was used to derive the FR2 power class / spherical coverage requirements and to observe that different transceiver chains and phase shifter networks were assumed for the 28 GHz and 39 GHz groups of bands.
[bookmark: _Toc16619920]Observation 3:	At least in the cases of UL CA between n260 and n257, n258, or n261 and between n259 and  n257, n258, or n261 it cannot be assumed the same beam correspondence relationship for beam management is supported across CCs, since the UE and/or the network may be using different hardware (which may not be co-located), thereby breaking any fixed spatial relationship between the carriers.
Figure 3 below illustrates the FR2 bands in Rel-16.

[image: ]
Figure 2: FR2 bands in Rel-16 
[bookmark: _Toc16619922]Because a number of FR2 bands overlap, whether to treat some inter-band combinations as intra-band, for the purpose of deriving the beam correspondence requirements, is useful to discuss. 
Proposal 2:	Further discussion to identify all cases applicable to the CA beam correspondence requirement in Rel-16 is needed. 
3	Conclusions
This contribution provided the analysis of the Rel-16 enhancements of the beam correspondence requirement.  The following observations and proposals have been made:
Observation 1:	Given the workload of Rel-16 NR RF in general and the relative value of items 1) and 2) above, it is our understanding that the Rel-16 work item beam correspondence objective is intended to provide a functional verification of the UE’s ability to select UL beams based on measurements of SSB only or CSI-RS only without necessarily reopening the RF requirement values on beam correspondence.
Observation 2:	The phrase “the same beam correspondence relationship for beam management is supported across CCs” implies that the UE shall be able to make DL measurements anywhere within the CCs (scope limited to contiguous UL CA up to 800 MHz aggregate BW) and be able to form the UL beam for an UL allocation anywhere within the CCs.
Observation 3:	At least in the cases of UL CA between n260 and n257, n258, or n261 and between n259 and  n257, n258, or n261 it cannot be assumed the same beam correspondence relationship for beam management is supported across CCs, since the UE and/or the network may be using different hardware (which may not be co-located), thereby breaking any fixed spatial relationship between the carriers.

Proposal 1:	To define the Rel-16 requirement for beam correspondence based on SSB only and/or CSI-RS only use the RS density reduction approach to adjust the SNR side conditions without modifying the RF requirement.
Proposal 2:	Further discussion to identify all cases applicable to the CA beam correspondence requirement in Rel-16 is needed.
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FR2 bands in the 37-43.5 GHz range
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