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1	Introduction 
Last meeting the PSD difference for inter-band FR2 discussion continued but no agreements were made.  Below you will find the agreements captured on the WF from RAN4 #93 meeting [1]. 
This contribution provides our view on the PSD imbalance for intra-band CA and inter-band CA.
	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.



2	Discussion
2.1	PSD difference for intra-band CA
MRTD requirement from the RRM has been defined in the specification TS38.133 [2] in subsection 7.6.4. The intra-band requirement on MRTD in FR2 is 0.26 us with an assumption on co-located deployment. In order to enable Rel-16 FR2 UEs it is important to aligning on the PSD levels in the case of intra-band CA. For a co-located deployment with a common beam management, we can assume an equal PSD between the CCs. Therefore, RAN shall assume 0 dB PSD imbalance between CCs for intra-band CA.
[bookmark: _Toc24028846][bookmark: _Toc24028879][bookmark: _Toc24032043][bookmark: _Toc24032323][bookmark: _Toc24041167][bookmark: _Toc24041774][bookmark: _Toc24059047]Proposal 1:	RAN4 shall assume an equal PSD between CCs for intra-band CA.

7.6.4	Minimum Requirements for NR Carrier Aggregation
For intra-band CA, only co-located deployment is applied. For intra-band non-contiguous NR carrier aggregation, the UE shall be capable of handling at least a relative receive timing difference between slot timing of different carriers to be aggregated at the UE receiver as shown in Table 7.6.4-1 below.
Table 7.6.4-1: Maximum receive timing difference requirement for intra-band non-contiguous NR carrier aggregation
Frequency Range
Maximum receive timing difference (µs) 
FR1
31
FR2
0.26
Note 1: 	In the case of different SCS on different CCs, if the receive time difference exceeds the cyclic prefix length of that SCS, demodulation performance degradation is expected for the first symbol of the slot.

For inter-band NR carrier aggregation, the UE shall be capable of handling at least a relative receive timing difference between slot timing of all pairs of carriers to be aggregated at the UE receiver as shown in Table 7.6.4-2 below.
Table 7.6.4-2: Maximum receive timing difference requirement for inter-band NR carrier aggregation
Frequency Range of the pair of carriers
Maximum receive timing difference (µs) 
FR1
33
FR2
8
Between FR1 and FR2
25 


2.1	PSD difference for inter-band CA
Table 1 lists our simulation parameters for the 28 GHz + 28 GHz, 39 GHz + 39 and 28 GHz + 39 GHz band groups. Scenario I considers the inter-band CA 28 GHz + 28 GHz, Scenario II considers inter-band CA 39 GHz + 39 GHz and Scenario III considers inter-band CA 28 GHz + 39 GHz.  
Table 1: Simulation assumptions for PSD imbalance
	Simulation Parameters

	Antenna array size
	4x1

	Element spacing
	5mm

	Element pattern
	See TR38.803

	Antenna impairments
	Not considered

	Phase shifter impairments
	See TR38.817-01

	Transmission line impairments
	Modeled TL length and loss per element

	Frequency separation between carriers
	Scenario I: [24.25 - 29.5] GHz
Scenario II: [37.0 - 43.5] GHz
Scenario II: [26.5 - 40.25] GHz

	Gain difference between CC1 and CC2
	0 dB and 6.5 dB



 
2.1.1	28 GHz + 28 GHz & 39 GHz + 39 GHz
Last agreed WF on beam management [1] listed two alternatives for the 28 GHz + 28 GHz and 39 GHz + 39 GHz band groups, the alternatives for the UE assumptions were common beam management or independent beam management. From our perspective, the UE shall assume common beam management between 28 GHz + 28 GHz and between 39 GHz + 39 GHz. Figure 1 (left) plots the coverage pattern for beam CC1 and beam CC2 in the azimuth plane. The figure shows how the beams overlap when considering the extreme frequencies within the band group “28 GHz”, such that the center frequency of beam CC1 is 24.25 GHz and the center frequency of CC2 is 29.5 GHz.
Figure 1 (right) provides the CDF Plot of the PSD between CC1 and CC2, it is possible to see that even though the power difference is 0 dB in RIB, after spatial filtering the power difference between CCs is larger than 0 dB. In this scenario the value at the 95%-tile of the CDF is 2.1 dB, the mean PSD is 1 dB and the maximum PSD is 6.8 dB. In other words, it can be expected a worst-case scenario of power imbalance between the two CCs of 6.8 dB after spatial filtering.
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Figure 1: (Scenario I) Coverage Pattern Beam CC1 and Beam CC2 (left) and CDF Plot for  PSD - RIB 0 dB
In Scenario II we can observe a similar trend for the 39 GHz + 39 GHz, in Figure 2 (left) we see the beams overlap when considering the extreme of the frequency range within the band group “39 GHz”, the center frequency in this case for beam CC1 is 37 GHz and the center frequency of CC2 is 43.5 GHz. Figure 2 (right) gives the CDF Plot of the PSD and in this scenario a CC offset of 0 dB has been computed in RIB as well. The value at the 95%-tile of the CDF is 3.5 dB, the mean PSD is 1.7 dB and the maximum PSD is 9 dB. For this scenario the worst-case results in a power imbalance between the two CCs of 9 dB after spatial filtering.
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Figure 2: (Scenario II) Coverage Pattern Beam CC1 and Beam CC2 (left) and CDF Plot for  PSD - RIB 0 dB
Summary of the simulation results are captured in Table 2 for 28 GHz + 28 GHz considering a CC offset of 0 dB in the RIB:
Table 2: Simulation results for 28 GHz + 28 GHz & 39 GHz + 39 GHz
	Parameters
	28 GHz + 28 GHz
RiB 0 dB
	39 GHz + 39 GHz
RiB 0 dB

	CDF 95%-tile
	2.1 dB
	3.5 dB

	Max PSD
	6.8 dB
	9 dB

	Mean PSD
	1 dB
	1.7 dB



From the simulations results we can see that 0 dB PSD difference between CC1 and CC2 becomes after spatial filtering 2.1 dB for 28 GHz band group and 3.5 dB for 39 GHz band group at the 95%-tile of the CDF and with a mean PSD of 1 dB and 1.7 dB, respectively. Based on the provided simulations, we propose an equal PSD for 28 + 28 GHz and 39 + 39 GHz.
Proposal 2:	RAN4 shall define an equal PSD and co-located scenario for inter-band CA 28+28 GHz and 39+39 GHz.

2.1.2	28 GHz + 39 GHz
Scenario III considers the inter-band CA of 28 GHz + 39 GHz. The plots for the coverage pattern in the azimuth plane show the Beam CC1 with a center frequency of 26.5 GHz and Beam CC2 with center frequency of 40.25. The center frequency of each beam is located in the center of the 28 GHz band group and 39 GHz band group, respectively. In this scenario we have included the simulation of a CC offset equal to 6.5 dB in addition to the simulation CC offset of 0 dB.
Figure 3 (right) shows the CDF Plot of the PSD with a CC offset of 0 dB in RIB. The value at the 95%-tile of the CDF is 9.8 dB, the mean PSD is 5.5 dB and the maximum PSD is 13.8 dB. In Scenario III a larger CC offset after spatial filtering is observed compared to Scenarios I and II due to the wider frequency separation between CCs and the independent beam management. 
Figure 4 (right) gives the CDF Plot of the PSD with a CC offset of 6.5 dB in RIB. For this simulation the value at the 95%-tile of the CDF is 14.8 dB, the mean PSD is 7.7 dB and the maximum PSD is 20.5 dB. For this scenario the worst-case results in a power imbalance between the two CCs of 20.5 dB after spatial filtering when considering a CC offset of 6.5 dB in RIB.
We can see that there are two main parameters contributing to the PSD imbalance, the first one is the frequency separation between the CCs and the second is the relative gain differences between the CCs due to antenna array performance variation over the entire frequency span of the combination. 
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Figure 3: (Scenario III) Coverage Pattern Beam CC1 and Beam CC2 (left) and CDF Plot for  PSD – RIB 0 dB
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Figure 4: (Scenario III) Coverage Pattern Beam CC1 and Beam CC2 (left) and CDF Plot for  PSD – RIB 6.5 dB
Summary of the simulation results for 28 GHz + 39 GHz considering a CC offset 0 dB and 6.5 dB in the RIB are provided in Table 3:
Table 3: Simulation results for 28 GHz + 39 GHz
	Parameters
	28 GHz + 39 GHz
RIB 0 dB
	28 GHz + 39 GHz
RIB 6.5 dB

	CDF 95%-tile
	9.8 dB
	14.8 dB

	Max PSD
	13.8 dB
	20.5 dB

	Mean PSD
	5.5 dB
	7.7 dB


The simulations results demonstrate that 6.5 dB PSD difference between CC1 and CC2 becomes much larger after the spatial filtering, the initial 6.5 dB PSD difference in RIB results in 14.8 dB PSD difference (CDF 95%-tile) that the UE receiver needs to handle.
Due to the absence of filter technologies able to suppress aggressors and the weak selectivity of the antenna between 28 GHz and 39 GHz band groups, defining a large PSD difference between these band groups will result in a severe degradation of the receiver performance. Based on the simulation provided in this contribution, we propose a 6.5 dB for the PSD difference between 28 GHz and 39 GHz.
[bookmark: _Toc32363295][bookmark: _Toc32363725][bookmark: _Toc32551538]Proposal 3:	RAN4 shall define the PSD difference of 6.5 dB for inter-band CA 28 GHz + 39 GHz.
3	Conclusions
This contribution provides our view on the PSD difference for intra-band CA and inter-band CA in FR2 and makes the following proposals:
Proposal 1:	RAN4 shall assume an equal PSD between CCs for intra-band CA.
Proposal 2:	RAN4 shall define an equal PSD and co-located scenario for inter-band CA 28+28 GHz and 39+39 GHz.
Proposal 3:	RAN4 shall define the PSD difference of 6.5 dB for inter-band CA 28 GHz + 39 GHz.
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