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1	Introduction 
Discussions related to specifying requirements for FR2 inter-band UL CA have progressed during the RAN4 #100 meeting with the following agreements [1]:
	WF – PA-PA interaction
1. how to incorporate PA-PA interaction
a. GTW Agreement: Down-select to Option 1 and Option 2.
· Option 1: Included in CA MPR
· Option 2: Included in relaxations X and Y
· Option 3: No need to include.
b. further check if FR1 approach can apply to FR2, i.e. Option 1 (or why FR2 approach can not apply to FR2, i.e. Option 2)
2. FFS PA-PA interaction aspect
· Option 1: Only inter panel interaction is considered
· Option 2: Depends on activation status
· Option 3: Others (both or none, etc)
3. if MPRPA-PA is defined, FFS how to modify MPR equation and how to apply MPRPA-PA (per band or per band combination)
WF – X and Y for CA_n257A_n259A
1. X and Y for min peak EIRP.
· Options
· Option 1: X=Y=3.5 dB
· Option 2: X=3.7 dB and Y=3.5 dB
· Option 3: 1UL ΔTIB,P,n = MBP,n  and 2UL ΔTIB,P,n = X2/Y2+MBP,n
· Option 4: ΔTIB,P,n shall be ΔRIB,P,n -1 dB
· Option 5: X=Y=9 dB
· Option 6: X and Y is not needed but UL CA relaxation included in CA MPR 
· Agreement
· Before deciding X and Y values, agreement on how to incorporate PA-PA interaction is needed. And further study on relaxation framework is encouraged.
2. X and Y for spherical coverage.
· Options
· Option 1: X=Y=3.5 dB
· Option 2: X=3.7 dB and Y=3.5 dB
· Option 3: ΔTIB,S,n= X2/Y2+2.7 dB.
· Option 4: ΔTIB,S,n shall be ΔRIB,s,n -1 dB.
· Option 5: X=Y=9 dB
· Option 6: X and Y should incorporate MPRPA-PA 
· Agreement
· Before deciding X and Y values, agreement on how to incorporate PA-PA interaction is needed. And further study on relaxation framework is encouraged.

Note: X is the relaxation value for n257 compared with its single cc requirement; Y is the relaxation value of n259 compared with its single cc requirement.
WF – Total power concept
1. applicability of total power concept
· Options
· Option 1: Yes it is and is defined as the sum of EIRP in peak direction of two band shall not exceed the 43 dBm
· Option 2: Applied to TRP
· Option 3: Applied to minimum peak EIRP
· Option 4: Applied to EIRP spherical coverage
· Option 5: Not needed, cannot be used for MPE and power consumption and thermal issues; can be handled with P-MPR
· Agreement
· No new requirements than the per-band based requirement package of max EIRP, max TRP, min peak EIRP, EIRP spherical coverage.
· Further study the impact of total power concept to max EIRP, max TRP, min peak EIRP, EIRP spherical coverage, and how to address it.
WF – power configuration
1. RAN4 needs to further discuss the power configuration side condition for FR2 inter-band UL CA MOP. UE power consumption under MOP status should be addressed and further study how to address it.
· [bookmark: OLE_LINK48][bookmark: OLE_LINK49]Option 1: maximum output power transmission is only required for tested band and a relative low output power can be configured for non-tested band
· other options are not precluded




This contribution provides our views on issues related to PA-PA interaction and Rel-17 scope with respect to FR2 inter-band UL CA.
2	Discussion
2.1	PA-PA interaction
When considering what assumpitons can be taken regarding UE behavior, when configured for UL inter-band CA within FR2, it is useful to refer to the following three potential network deployment scenarios:
-	Homogeneous network with colocated cells
-	Homogeneous network with non-colocated cells
-	Non-homogeneous network
A homogeneous network assumes cell sites are deployed according to a uniform RF plan (i.e. it is possible to describe the site spacing with a single ISD parameter).  The UE can be configured with UL inter-band CCs either such that the TRPs of each CCs are in the same location (colocated) or such that they are in different locations (non-colocated).  Figure 1 below illustrates an example of a simulated topology of a homogeneous network.
[image: ]
Figure 1: Simulated topology of the homogeneous network 
A non-homogeneous network assumes cell cites are deployed according to different RF plans; for example, site spacing is scaled with frequency.  Such a topology can describe a high-frequency hotspot in the midst of a lower-frequency network underlay.  Figure 2 below illustrates an example of a simulated topology of a non-homogeneous network.
[image: ]
Figure 3: Simulated topology of the non-homogeneous network
In the absence of operator requests for specific band combinations with UL inter-band CA within FR2, it is not possible to focus on a particular deployment scenario, and we consider all three in our analysis.
In the case of the homogeneous network with colocated cells, the UE can expect to be configured for UL inter-band CA with the AoAs for each CC being very close to each other (if not identical).  We recall that the motivation for multi-band relaxations, currently specified in TS38.101-2, involved an overview of possible UE antenna array implementations which can support multiple FR2 bands.  Some of these implementations featured low-band and high-band FR2 antenna elements in close proximity to each other in "colocated" configurations.  Thus, in a homogeneous network with colocated cells, such a UE is highly likely to select the same antenna panel to transmit each UL CC.
[bookmark: _Toc85706866][bookmark: _Toc85733294]Observation 1:	In a homogeneous network with colocated cells, the UE is highly likely to select the same antenna panel to transmit each UL CC.
In the cases of the homogeneous network with non-colocated cells and the non-homogeneous network, the question is whether such a network deployment can lead to an assumption that the UE can be assumed to always select different panels for each CC.  We performed a set of system level simulations, where the simulation assumptions are aligned with TR38.803.  The key parameters are summarized in Table 1 below.
Table 1: Simulation assumptions
	Parameter
	Value
	Comments

	Number of sites
	19
	

	Number of sectors per site
	3
	

	Number of users per sector
	10
	Total users = 570

	ISD
	homogeneous: 300m
non-homogeneous: {300m, 200m}
	

	Sector antenna
	3 sectors per site
16x8 elements each sector
	

	UE antenna
	2 panels, 4x1 elements each
	

	UE orientation
	Randomized in azimuth over 360 deg
	

	Path loss model
	UMa-LOS
	

	Frequency
	homogeneous: Fc = 28 GHz
non-homogeneous: {28, 38.5} GHz
	





In an effort to get a quick indication whether the assumption on UE behavior makes sense in the homogeneous non-colocated network topology, we simply consider the total coupling gain between the UE and the sector in two scenarios: a) the UE selects the best beam to CC1 and another best beam to CC2 without any restriction on panel choice; and b) the UE selects the best team to CC1 and another beam to CC2 such that the CC1 panel and CC2 panel are different.  Figure 2 below illustrates the distributions of total coupling gain in both scenarios.
a) [image: ]b) [image: ]
Figure 2: Coupling gain distributions in a homogeneous network with non-colocated cells; a) best beam selection; b) CC2 beam forced to be different UE panel from CC1 beam
To determine the impact of the panel forcing assumption, we consider the gap in user-site coupling gain between the 1st and 2nd strongest CCs:  the unrestricted beam selection (Figure 2a) is the baseline, and the case with the inter-panel restriction (Figure 2b) can illustrate what percentage of users are not negatively impacted (i.e. exhibit the same gap in user-site coupling gain as the baseline).
[bookmark: _Toc85706867][bookmark: _Toc85733295]Observation 2:	In a homogeneous network with non-colocated cells, approximately 10% of the users are not impacted by the inter-panel restriction.
Figure 3 below illustrates this analysis with the non-homogenous network.
a)[image: ]b) [image: ]
Figure 3: Coupling gain distributions in a non-homogeneous network; a) best beam selection; b) CC2 beam forced to be different UE panel from CC1 beam
[bookmark: _Toc85706868][bookmark: _Toc85733296]Observation 3:	In a non-homogeneous network, nearly all users are impacted negatively by the inter-panel restriction.
Referring back to the PA-PA interaction WF from the last meeting, our understanding of the system  level simulations implies that it is not possible to rule out UE implementations which select optimal beams for both CCs with colocated antenna arrays.  We note that this observation is made independently of the separately (and significant) question related to the complexity of the RF architecture necessary to support inter-band UL CA within FR2.  Nonetheless, the PA-PA interaction assumption is one of the key considerations which can enable further efforts to define inter-band UL CA MPR requirements.
[bookmark: _Toc85685637][bookmark: _Toc85706869][bookmark: _Toc85733297]Proposal 1:	For the purpose of defining the minimum MPR requirements for inter-band UL CA, RAN4 should assume the worst-case PA-PA interaction, which arises from the UE using the same or colocated antenna arrays to form the UL beams.
2.2	Scope of Rel-17 with respect to FR2 inter-band UL CA
As the Rel-17 completion deadline nears, it is useful to check whether the inter-band UL CA feature is correctly scoped within Rel-17.  One approach RAN4 commonly uses to ensure that spectrum-dependent features are introduced into the specification based on ecosystem need is to also define an example band combination utilizing the new feature.  Over the course of Rel-17 work, we have observed that there has not yet been an operator request for inter-band UL CA configurations within FR2.  In our understanding, this can mean that the ecosystem still considers the features to be premature for the Rel-17 timeframe.
[bookmark: _Toc85706870][bookmark: _Toc85733298]Proposal 2:	If no FR2 inter-band UL CA configurations are requested in the Rel-17 basket work items by the last RAN4 meeting within the Rel-17 timeframe (February 2022), then RAN4 shall not implement the FR2 inter-band UL CA feature in the Rel-17 specification.
[bookmark: _Toc85706871][bookmark: _Toc85733299]Proposal 3:	If RAN4 agrees with Proposal 2, then in an effort to preserve all agreements related to the core functionality of the feature, they should be documented in the Rel-17 FR2 enhancement technical report for easy reference during the corresponding work phase in a future release.
3	Conclusions 
We have provided our views related to FR2 inter-band UL CA and made the following observations and proposals:
Observation 1:	In a homogeneous network with colocated cells, the UE is highly likely to select the same antenna panel to transmit each UL CC.
Observation 2:	In a homogeneous network with non-colocated cells, approximately 10% of the users are not impacted by the inter-panel restriction.
Observation 3:	In a non-homogeneous network, nearly all users are impacted negatively by the inter-panel restriction.

Proposal 1:	For the purpose of defining the minimum MPR requirements for inter-band UL CA, RAN4 should assume the worst-case PA-PA interaction, which arises from the UE using the same or colocated antenna arrays to form the UL beams.
Proposal 2:	If no FR2 inter-band UL CA configurations are requested in the Rel-17 basket work items by the last RAN4 meeting within the Rel-17 timeframe (February 2022), then RAN4 shall not implement the FR2 inter-band UL CA feature in the Rel-17 specification.
Proposal 3:	If RAN4 agrees with Proposal 2, then in an effort to preserve all agreements related to the core functionality of the feature, they should be documented in the Rel-17 FR2 enhancement technical report for easy reference during the corresponding work phase in a future release.
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Network layout with user drop trial, UMa-LOS, ISD=300m

1818.7 | e o o B
1558.8 |- e 6 o o N

1299 |- e 6 6 6 o6 o o o .
1039.2 - ® 6 6 6 ¢ ¢ o o o o o .
779.4 ® 6 6 6 o o o Q Q e O ©o

519.6 -

259.8 |-

0 -
-259.8 -

-519.6 -

-779.4 - ® 6 o o O O O O O e o o
-1039.2 |- ® 6 6 6 ¢ ¢ o o o o o .
-1299 ® 6 6 6 o o o o .
-1558.8 - ® 6 o o N
-1818.7 + ® o o N

-2100 -1800 -1500 -1200 -900 -600 -300 0 300 600 900 1200 1500 1800 2100










-2100-1800-1500-1200 -900 -600 -300 0 300 600 900 1200 1500 1800 2100

-1818.7

-1558.8

-1299

-1039.2

-779.4

-519.6

-259.8

0

259.8

519.6

779.4

1039.2

1299

1558.8

1818.7

Network layout with user drop trial, UMa-LOS, ISD=300m

11 10

6

15

7

16

12

5

14

3

19

17

4

9

2

18

13

8

1


