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1	Introduction 
The scope of the FR2 RF work item includes an objective to define FR2 DL inter-band carrier aggregation requirements [1].  The following agreements were made during the RAN4 #92bis meeting [2]:
	WF
-	The number of bands is assumed to be two for the inter-band CA WI, and the intra-band CA+ inter-band CA is also included in the scope of inter-band CA WI .
-	UE is assumed to be feasible to have independent beam management for the bands that are part of supported band configuration in inter-band CA for 28 GHz + 39 GHz combinations.
-	 “28GHz” stands for a band group includes n257, n258, n261
-	 “39GHz” stands for a band group includes n259, n260
-	Spherical coverage requirements for inter-band CA are tested from single AoA for Rel-16 if the following testability solution can be provided.
-	Testability SI will study the TE capability of transmitting 28 GHz + 39 GHz from same direction simultaneously.
-	Defining spherical coverage requirement for inter-band CA.
-	Alt.1: The UE shall meet the inter-band CA spherical coverage requirement simultaneously on 28 GHz and 39 GHz, the common spherical coverage range between the two bands shall be 50% for power class 3 UE.
-	Alt. 2:  The UE shall meet the inter-band CA spherical coverage requirement per band. 
-	Rel-15 spherical coverage requirement will be taken as baseline.



The following agreements were made during the RAN4 #93 meeting [3]:
	WF on beam management
-	UE is assumed to be feasible to have independent beam management for the bands that are part of supported band configuration in inter-band CA for 28 GHz + 39 GHz combinations.
-	 “28GHz” stands for a band group includes n257, n258, n261
-	 “39GHz” stands for a band group includes n259, n260
-	Beam management for the bands that are part of supported band configuration in inter-band CA for 28 GHz + 28 GHz or 39 GHz + 39 GHz combinations.
-	Alt 1: UE is assumed to have common beam  management
-	Alt 2: UE is assumed to have independent beam  management
WF on EIS spherical coverage
-	Spherical coverage requirements for inter-band CA are tested from single AoA for Rel-16 if the following testability solution can be provided.
-	Testability SI will study the TE capability of transmitting 28 GHz + 39 GHz, 28 GHz + 28 GHz, or 39 GHz + 39GHz from same direction simultaneously.
-	PSD condition among bands. 
-	PSD difference up to TBD dB between 28GHz and 39GHz shall be considered in the conformance test configuration and [equal] PSD among 28+28 and 39+39 band groups
-	Confirm PSD condition for each scenario in RAN4#94.
-	Defining EIS spherical coverage requirement for inter-band CA.
-	The UE shall meet the EIS spherical coverage requirement simultaneously among bands, the common EIS spherical coverage range between the two bands shall be 50% for power class 3 UE.
-	Rel-15 EIS spherical coverage requirement will be taken as baseline assuming that the relaxation for 50%-tile point for power class 3 UE is introduced. The relaxation framework and value are FFS. Relaxation value cannot be 0.



This contribution provides our analysis of the FR2 DL inter-band CA EIS requirements.
2	Discussion
Based on the related discussion in [4], Figure 1 below summarizes the key aspects of the reference architectures for CA within 28+39 GHz band groups and CA within 28+28/39+39 GHz band groups, respectively.
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Figure 1: Reference architecture assumptions for FR2 inter-band CA
Based on the agreement in [3], the remaining open issue related to the beam management assumption is whether to select Alt. 1 (UE is assumed to have common beam management) vs. Alt. 2 (UE is assumed to have independent beam management).  From the UE architecture perspective, Alt. 2 introduces a number of complexities, such as additional receiver hardware components and isolation requirements, which are not present in Alt. 1.  This design option, however, may not be well motivated from the network deployment perspective.  In the case of 28+39 CA, the motivation to distribute the 28 GHz and 39 GHz gNBs is well understood given differences in cell size and coverage of the two sets of bands.  In the case of 28+28 CA, however, cell sizes are the same, and there is no real benefit in distributing the gNBs.
[bookmark: _Toc32359872][bookmark: _Toc32359919][bookmark: _Toc32363292][bookmark: _Toc32363722][bookmark: _Toc32551535]Proposal 1:	RAN4 assumes Alt. 1 (UE is assumed to have common beam management) for beam management for the bands that are part of supported band configuration in inter-band CA for 28 GHz + 28 GHz or 39 GHz + 39 GHz combinations.
The PSD assumptions for these CA scenarios follow as well.  In the case of CA within 28+39 GHz band groups, a further study into the conformance test configuration is needed.
[bookmark: _Toc32359873][bookmark: _Toc32359920][bookmark: _Toc32363293][bookmark: _Toc32363723][bookmark: _Toc32551536]Proposal 2:	Equal PSD among 28+28 and 39+39 band groups can be confirmed for the conformance test configuration.
[bookmark: _Toc32359874][bookmark: _Toc32359921][bookmark: _Toc32363294][bookmark: _Toc32363724][bookmark: _Toc32551537]Proposal 3:	RAN4 to study further the conformance test configuration for the 28+39 CA scenario.
With these assumptions in place, the analysis of inter-band CA EIS spherical coverage can be undertaken.  Table 1 below lists our simulation assumptions.
Table 1: Simulation assumptions for inter-band CA EIS spherical coverage
	Parameter
	Value
	Notes

	Antenna array size
	4x1
	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

	Frequency separation between carriers
	Case 1: [24.25 ~ 29.5] GHz
Case 2: [37.0 ~ 43.5] GHz
	Applies only to n258+n257 and n260+n259 scenarios

	Angular difference between 28 and 39 GHz arrays
	[0 ~ 30] deg
	Applies only to n258+n260 and n261+n260 scenarios

	Gain difference between CC1 and CC2
	Case 1: [0 ~ 3] dB
Case 2: [0 ~ 6] dB
	Case 1 applies to n258+n257 and n260+n259 scenarios
Case 2 applies to n258+n260 and n261+n260 scenarios


 
Given the differences in the reference architecture associated with the 28+28/39+39 and 28+39 CA support, the analysis of inter-band CA spherical coverage EIS also follows these tracks separately.
In the case of 28+28 or 39+39 CA, there are two main parameters which impact the spherical coverage performance of the combined EIS CDF:  the frequency separation between the CCs and the relative gain differences between the CCs due to antenna array performance variation over the entire freequency span of the combination.  Since the architecture assumes shared antenna array and beam management chain for these combinations, no angular difference between CC1 and CC2 antenna array reception is modeled.
In the case of 28+39 CA, there are two main parameters which impact the spherical coverage performance of the combined EIS CDF:  the angular difference between the 28 and 39 GHz antenna arrays and the relative gain differences between the CCs due to antenna array performance difference between these frequencies (separate antenna arrays).
With the simulation assumptions in place, we proceed to define the new concept of a common CDF for inter-band CA EIS spherical coverage.  A conceptual view is provided in Figure 2 below.
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Figure 2: Visualizing the common CDF for inter-band CA EIS spherical coverage
Given two spherical coverage patterns for CC1 and CC2, which can be EIS measurements of the DUT at CC1 and CC2 over the entire sphere, the current version of the specification defines a requirement on the 50th percentile values for CC1 and CC2 spherical coverage.  These CDFs are formed by estimating the cumulate distribution functions P(XCC1≤x1) and P(XCC2≤x2), respectively.  The problem of defining a requirement on the common CDF can be viewed in terms of the joint cumulative distribution function of two variables:  P(XCC1≤x1, XCC2≤x2).  In this case we are only interested in the probability of both CC1 and CC2 being less than or equal to a particular gain value x, which simplifies the joint CDF surface just to the x1=x2 case:  P(XCC1≤x, XCC2≤x).  Figure 2 above illustrates this step.
We can propose the following definition of the common spherical coverage CDF for inter-band CA in FR2:
[bookmark: _Toc32363295][bookmark: _Toc32363725][bookmark: _Toc32551538]Proposal 4:	The common spherical coverage CDF is computed using the joint criterion of {EIS1≤s and EIS2≤s}, such that the resulting function of signal level s is equivalent to the diagonal of the joint empirical CDF P(EIS1≤s1,EIS2≤s2)
[bookmark: _Toc32363289][bookmark: _Toc32363719][bookmark: _Toc32551532]Observation 1:	A requirement on the value at the 50th percentile of this common CDF can be derived in terms of the degradation relative to the strongest CC and defined in the specification as an absolute value. 
Based on the simulation assumptions in Table 1, we simulated the gain difference between the 50%-tile of the CC1 CDF and the 50%-tile of the common CDF for the 28+28 (Figure 3, left) and 39+39 (Figure 3, right) band groups.
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Figure 3: Gain difference between the 50th percentile of CC1 CDF and common CDF for 28+28 and 39+39 band groups
[bookmark: _Toc32363290][bookmark: _Toc32363720][bookmark: _Toc32551533]Observation 2:	The value of the 50%-tile of the common CDF for 28+28 and 39+39 band groups is degraded by up to 6 dB relative to the strongest carrier in the combination.
Based on the simulation assumptions in Table 1, we simulated the gain difference between the 50%-tile of the CC1 CDF and the 50%-tile of the common CDF for the 28+39 grouping considering two scenarios:  CC1 at 27 GHz, CC2 at 40 GHz (Figure 4, left) and CC1 at 24 GHz, CC2 at 43 GHz (Figure 4, right).
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Figure 4: Gain difference between the 50th percentile of CC1 CDF and common CDF for 28+28 and 39+39 band groups
[bookmark: _Toc26697054][bookmark: _Toc26697120][bookmark: _Toc27554578][bookmark: _Toc27554653][bookmark: _Toc27554676][bookmark: _Toc27554718][bookmark: _Toc31951424][bookmark: _Toc32359918][bookmark: _Toc32363291][bookmark: _Toc32363721][bookmark: _Toc32551534]Observation 3:	The value of the 50%-tile of the common CDF for 28+39 band groups is degraded by up to 7.5 dB relative to the strongest carrier in the combination.. 
Overall, the preliminary study of the common CDF concept shows that it is more useful when applied to CA combinations where common beam management is an assumption of the UE design.  For example, further discussions on assumptions related to modeling wideband beam degradation can help to converge on a common CDF value that is both practical and useful from a network performance perspective.  In the case of 28+39 band groups, the value of the new requirement is not readily obvious, since the UE is not expected to form a common beam in the same direction across the entire CA combination.
[bookmark: _Toc32363726][bookmark: _Toc32551539]Proposal 5:	RAN4 continues to study further the common CDF definition and parameters for CA within 28+28/39+39 band groups and does not pursue the common CDF for CA within 28+39 band groups.
3	Conclusions
This contribution has provided our views on the topic of FR2 frequency separation class and has made the following observations and proposals:
Observation 1:	A requirement on the value at the 50th percentile of this common CDF can be derived in terms of the degradation relative to the strongest CC and defined in the specification as an absolute value.
Observation 2:	The value of the 50%-tile of the common CDF for 28+28 and 39+39 band groups is degraded by up to 6 dB relative to the strongest carrier in the combination.
Observation 3:	The value of the 50%-tile of the common CDF for 28+39 band groups is degraded by up to 7.5 dB relative to the strongest carrier in the combination..

Proposal 1:	RAN4 assumes Alt. 1 (UE is assumed to have common beam management) for beam management for the bands that are part of supported band configuration in inter-band CA for 28 GHz + 28 GHz or 39 GHz + 39 GHz combinations.
Proposal 2:	Equal PSD among 28+28 and 39+39 band groups can be confirmed for the conformance test configuration.
Proposal 3:	RAN4 to study further the conformance test configuration for the 28+39 CA scenario.
Proposal 4:	The common spherical coverage CDF is computed using the joint criterion of {EIS1≤s and EIS2≤s}, such that the resulting function of signal level s is equivalent to the diagonal of the joint empirical CDF P(EIS1≤s1,EIS2≤s2)
Proposal 5:	RAN4 continues to study further the common CDF definition and parameters for CA within 28+28/39+39 band groups and does not pursue the common CDF for CA within 28+39 band groups.
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