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Available data in RAN4
Based on the submitted data in [1] through [6] during the RAN4 #88 meeting and the submitted data in [9] through [14] during the RAN4 #88bis meeting and also based on offline discussion and submission of corrected data in [17], Tables 1 and 2 below collect the data sets on peak and spherical coverage relaxations. 

Table 1: Available multi-band relaxation data for peak EIRP
	Case
	Supported bands
	Band
	[1]
	[2]
	[3,13]
	[4,10]
	[5]
	[6]
	[9]
	[14]
	[15,18]

	8
	n257, n258
	n257
	
	1.0
	
	
	2.0
	1.5
	1.0
	
	

	
	n257, n258
	n258
	
	1.0
	
	
	2.0
	1.5
	1.0
	
	

	7
	n258, n260
	n258
	
	1.0
	
	
	
	
	1.0
	
	

	
	n258, n260
	n260
	
	1.0
	
	
	
	
	1.0
	
	

	6
	n258, n261
	n258
	
	1.0
	
	
	2.0
	
	1.5
	
	

	
	n258, n261
	n261
	
	0.5
	
	
	2.0
	
	1.0
	
	

	5
	n260, n261
	n260
	0.0
	0.0
	0.0
	0.0
	
	
	0.0
	0.0
	0.0

	
	n260, n261
	n261
	0.0
	0.0
	0.0
	1.0
	
	
	0.0
	0.0
	0.0

	4
	n257, n258, n261
	n257
	
	1.0
	
	
	2.0
	1.5
	1.5
	
	

	
	n257, n258, n261
	n258
	
	1.0
	
	
	2.0
	1.5
	1.5
	
	

	
	n257, n258, n261
	n261
	
	0.5
	
	
	2.0
	1.5
	1.0
	
	

	3
	n257, n260, n261
	n257
	
	0.0
	
	
	
	
	1.5
	
	

	
	n257, n260, n261
	n260
	
	0.0
	
	
	
	
	1.5
	
	

	
	n257, n260, n261
	n261
	
	0
	
	
	
	
	1.5
	
	

	2
	n258, n260, n261
	n258
	
	1.0
	
	
	
	
	2.0
	
	

	
	n258, n260, n261
	n260
	
	1.0
	
	
	
	
	2.0
	
	

	
	n258, n260, n261
	n261
	
	0.0
	
	
	
	
	1.5
	
	

	1
	n257, n258, n260, n261
	n257
	2.1
	
	
	1.8
	
	2.0
	2.0
	
	0.0

	
	n257, n258, n260, n261
	n258
	2.1
	
	
	1.8
	
	2.0
	2.0
	
	0.0

	
	n257, n258, n260, n261
	n260
	1.5
	
	
	0.0
	
	2.0
	2.0
	
	0.0

	
	n257, n258, n260, n261
	n261
	2.0
	
	
	1.8
	
	2.0
	2.0
	
	0.0




Table 2: Available multi-band relaxation data for 50%-tile CDF EIRP
	Case
	Supported bands
	Band
	[1]
	[2]
	[3,13]
	[4,10]
	[5]
	[6]
	[9]
	[14]
	[15,18]

	8
	n257, n258
	n257
	
	0.0
	
	
	2.0
	1.5
	1.0
	
	

	
	n257, n258
	n258
	
	0.0
	
	
	2.0
	1.5
	1.0
	
	

	7
	n258, n260
	n258
	
	0.0
	
	
	
	
	1.0
	
	

	
	n258, n260
	n260
	
	0.0
	
	
	
	
	1.0
	
	

	6
	n258, n261
	n258
	
	0.0
	
	
	2.0
	
	1.5
	
	

	
	n258, n261
	n261
	
	0.0
	
	
	2.0
	
	1.0
	
	

	5
	n260, n261
	n260
	1.6
	0.0
	0.6
	0.0
	
	
	1.0
	0.0
	0.0

	
	n260, n261
	n261
	0.0
	0.0
	0.0
	1.6
	
	
	0.0
	0.0
	0.0

	4
	n257, n258, n261
	n257
	
	0.0
	
	
	2.0
	1.5
	1.5
	
	

	
	n257, n258, n261
	n258
	
	0.0
	
	
	2.0
	1.5
	1.5
	
	

	
	n257, n258, n261
	n261
	
	0.0
	
	
	2.0
	1.5
	1.0
	
	

	3
	n257, n260, n261
	n257
	
	0.0
	
	
	
	
	1.5
	
	

	
	n257, n260, n261
	n260
	
	0.0
	
	
	
	
	1.5
	
	

	
	n257, n260, n261
	n261
	
	0.0
	
	
	
	
	1.5
	
	

	2
	n258, n260, n261
	n258
	
	0.0
	
	
	
	
	2.0
	
	

	
	n258, n260, n261
	n260
	
	0.0
	
	
	
	
	2.0
	
	

	
	n258, n260, n261
	n261
	
	0.0
	
	
	
	
	1.5
	
	

	1
	n257, n258, n260, n261
	n257
	1.9
	
	
	2.4
	
	2.0
	2.0
	
	0.0

	
	n257, n258, n260, n261
	n258
	2.0
	
	
	2.4
	
	2.0
	2.0
	
	0.0

	
	n257, n258, n260, n261
	n260
	1.8
	
	
	1.3
	
	2.0
	2.0
	
	0.0

	
	n257, n258, n260, n261
	n261
	1.2
	
	
	2.4
	
	2.0
	2.0
	
	0.0



Discussion:
NTT DOCOMO: we have provided data in this meeting

Previous agreements (for reference)
Agreement: power class requirements are release independent, and multi-band relaxations are part of power class requirements; therefore, they are release-independent
Agreement: proceed with Case 5 as the highest priority and then consider other cases
Agreement: we have the ability, if shown that it is needed, to add the multi-band relaxation framework to power classes other than PC3 in a release-independent manner
 Agreement: if there is a multi-band relaxation for EIRP (peak or spherical) that is zero, then it is zero for multi-band relaxation for EIS (peak or spherical)
Framework proposal
Based on the available data and the prioritization of cases, Table 3 below summarizes the data in terms of minimum, maximu, and mean of the proposed values.

Proposals on multi-band relaxation values for peak and spherical are left open (unless they are unambiguously supported by the data) to initiate the discussion.

Effort to develop the proposals is prioritized to target Case 5 and then other cases.  Columns to handle potential multiple alternate proposals are provided to help the discussion.

[bookmark: _Ref526836453]Table 3: Summary of multi-band relaxation data and proposals
	Case
	Supported bands
	Band
	Peak Relaxation
	Spherical relaxation

	
	
	
	Min
	Max
	Mean
	Alt.1
	Alt.2
	Min
	Max
	Mean
	Alt.1
	Alt.2

	8
	n257, n258
	n257
	1.0
	2.0
	1.4
	
	
	0.0
	2.0
	1.1
	
	

	
	n257, n258
	n258
	1.0
	2.0
	1.4
	
	
	0.0
	2.0
	1.1
	
	

	7
	n258, n260
	n258
	1.0
	1.0
	1.0
	1.0
	
	0.0
	1.0
	0.5
	
	

	
	n258, n260
	n260
	1.0
	1.0
	1.0
	1.0
	
	0.0
	1.0
	0.5
	
	

	6
	n258, n261
	n258
	1.0
	2.0
	1.5
	
	
	0.0
	2.0
	1.2
	
	

	
	n258, n261
	n261
	0.5
	2.0
	1.7
	
	
	0.0
	2.0
	1.0
	
	

	5
	n260, n261
	n260
	0.0
	0.0
	0.0
	0.0
	
	0.0
	1.6
	0.5
	
	

	
	n260, n261
	n261
	0.0
	1.0
	0.1
	
	
	0.0
	1.6
	0.2
	
	

	4
	n257, n258, n261
	n257
	1.0
	2.0
	1.5
	
	
	0.0
	2.0
	1.3
	
	

	
	n257, n258, n261
	n258
	1.0
	2.0
	1.5
	
	
	0.0
	2.0
	1.3
	
	

	
	n257, n258, n261
	n261
	0.5
	2.0
	1.3
	
	
	0.0
	2.0
	1.1
	
	

	3
	n257, n260, n261
	n257
	0.0
	1.5
	0.8
	
	
	0.0
	1.5
	0.8
	
	

	
	n257, n260, n261
	n260
	0.0
	1.5
	0.8
	
	
	0.0
	1.5
	0.8
	
	

	
	n257, n260, n261
	n261
	0.0
	1.5
	0.8
	
	
	0.0
	1.5
	0.8
	
	

	2
	n258, n260, n261
	n258
	1.0
	2.0
	1.5
	
	
	0.0
	2.0
	1.0
	
	

	
	n258, n260, n261
	n260
	1.0
	2.0
	1.5
	
	
	0.0
	2.0
	1.0
	
	

	
	n258, n260, n261
	n261
	0.0
	1.5
	0.8
	
	
	0.0
	1.5
	0.8
	
	

	1
	n257, n258, n260, n261
	n257
	0.0
	2.1
	1.6
	
	
	0.0
	2.4
	1.7
	
	

	
	n257, n258, n260, n261
	n258
	0.0
	2.1
	1.6
	
	
	0.0
	2.4
	1.7
	
	

	
	n257, n258, n260, n261
	n260
	0.0
	2.0
	1.1
	
	
	0.0
	2.0
	1.4
	
	

	
	n257, n258, n260, n261
	n261
	0.0
	2.0
	1.6
	
	
	0.0
	2.4
	1.5
	
	



Discussion:
Verizon: we would like to make sure all companies’ data is represented
Chair: we have checked, and no company has said their data is missing

Proposal 1: for Case 5 we take the average value for each proposed relaxation across all companies’ results

Qualcomm: we do not agree to the averaging approach for this case; we need to be careful about n260
Verizon: we want 0 dB relaxation for n260
Apple: question: for both peak and spherical?
Qualcomm: should we only discuss n260 spherical?
Sony: from our simulation there needs to be some trade-off, but it is possible to choose; it could be possible to optimize for n260 or n261; we should listen to the operators
Intel: we have similar view to Sony; two co-located designs will impact the overall performance; if we optimize for one vs. the other, the impact will be seen in the other band; if n260 impact is minimized, then n261 performance becomes worse; are companies OK with placing this impact on the 28 GHz band performance?
NTT DOCOMO: we would like to check if this proposal is derived from relaxation from worst case in the band or the band edge? In MediaTek paper we see the reductions make sense; are other companies deriving the deltas the same way?
Samsung: when we derive the single-band values, we already considered the potential impact to support Case 5; we prefer 0 dB relaxation
Verizon: we see the intention of Qualcomm comment, but if we open the door for other bands as well, especially for n261; if we reduce the requirement for this band, we don’t understand the impact; we should focus on just n260
Apple: is there any number >0 for n260 we can agree on in this room?
Ericsson: we agree with Qualcomm to focus on n260; although 0 dB relaxation sounds attractive, we need to recognize the fact that we want to see multi-band devices in the network; if we do optimize n260, for example, that will have a consequence for n261; this should be accomodated in some way
Qualcomm: for n260 we already have higher propagation loss and higher noise figure; are we going to condemn this band?
Apple: for n260 we can have 0.5 or 1.0 dB here; we should pick one of these values; for the sake of progress, can 0.5 be the compromise to agree?
Verizon: this is not a number; we need to consider MPR, beam correspondence, A-MPR; why we are going to consider this value?
Qualcomm: we see some companies focusing on multi-band solutions and others on Case 5; some of these companies believe 0 dB is feasible; among companies considering >0 dB, is this an implementation you are focusing on, or would it be ok to go for 0 dB?
Apple: definitely Case 1 is more important in our view; as some companies have already commented, these numbers are to address the physics and not to address the margins of implementation; just saying that it is 0 this is misleading information to those out of this room; because of this these numbers should be address; to Verizon we don’t understand the concern; there are many different parameters that impact the power; this is the physics of antenna optimization
Qualcomm: can someone explain why the relaxation is different between peak and spherical?
Intel: when two antennas are packaged with different resonant frequencies, we will see this reflected in the BW and radiation pattern; irregularities in the pattern lead to differences in peak and spherical coverage metrics
Sony: when you have the higher frequency, then the distance between elements will be higher; it becomes more difficult to have spherical coverage with less freedom in the angle of the beam
Qualcomm: to Intel, why do these irregularities only show up at 50%? To Sony, to some extent this makes sense, but then it is a matter of the steering angle; is this happening at lower percentiles?
OPPO: to Qualcomm, we have similar view as Intel; multi-band antenna integration into the phone leads to retuning of some parameters so that antenna and RFFE can match together; when we tune this, we need to find the best balanced point; if we want to optimize one band or multiple bands, this kind of thing is very common for antenna engineers; if some phones are designed for some operators, then we will optimize for them; but in the open market, we strive to optimize best balance point; this kind of relaxation is common understanding in the RF and antenna fields
Sony: what kind of optimization was taken when the simulations were performed? In our simulations we optimized for n260 and then incurred loss in n261

Chair: it seems we don’t have agreemento in Case 5; should we try other cases?
Apple: let’s try Case 1
Verizon: Verizon has the same requirements for n260
Qualcomm: we have many more contributrions on Case 5; if it is hard to agree on Case 5, it would be hard to agree on Case 1; from implementation perspective it is more difficult than the two-band case, but we need to take into account that these UEs will have impact on the network; we are concerned with network performance degradation at cell edge; we should also consider how these UEs take resources from other UEs; it is hard to agree on Case 1

How to implement the framework in the specification
Proposal in [12]:

--- begin text proposal ---
Table 6.2.1.3-1: UE minimum peak EIRP for power class 3
	Operating band
	Min peak EIRP (dBm)

	n257
	22.4

	n258
	22.4

	n260
	20.6

	n261
	22.4

	NOTE 1:	Minimum peak EIRP is defined as the lower limit without tolerance
NOTE 2:	The requirements in this table are only applicable for UE which supports single band in FR2


…

Peak EIRP and spherical coverage performance for UEs which support multiple bands is expected to be optimized over the entire supported range of frequencies and is relaxed from the single-band requirements in Table 6.2.1.3-1 by the factor ΔTMBP (multi-band relaxation of minimum peak EIRP) and in Table 6.2.1.3-3 by the factor ΔTMBS (multi-band relaxation of spherical coverage), which are defined in Table 6.2.1.3-4 below.

 Table 6.2.1.3-4: UE multi-band relaxations for power class 3
	Supported bands
	Applicable to band
	ΔTMBP (dB)
	ΔTMBS (dB)

	n260, n261
	n260
	[0]
	[1.6]

	n260, n261
	n261
	[0]
	[0]

	n257, n258, n260, n261
	n257
	[2.1]
	[1.9]

	n257, n258, n260, n261
	n258
	[2.1]
	[2.0]

	n257, n258, n260, n261
	n260
	[1.5]
	[1.8]

	n257, n258, n260, n261
	n261
	[2.0]
	[1.2]

	NOTE 1:	The requirements in this table are applicable to UEs which support only the indicated bands



--- end text proposal ---

Proposal in [16]:

--- begin text proposal ---

ΔTMB	Allowed minimum peak EIRP relaxation due to support for multi-band operation
…
The configured UE maximum output power PCMAX,f,c for carrier f of a serving cell c shall be set such that the corresponding measured peak EIRP PUMAX,f,c is within the following bounds
PPowerclass – MAX(MPRf,c+ ΔTMB, P-MPRf,c) – MAX{T(MPRf,c), T(P-MPRf,c)} ≤ PUMAX,f,c ≤ EIRPmax
while the corresponding measured total radiated power PTMAX,f,c is bounded by
PTMAX,f,c ≤ TRPmax

--- end text proposal ---

Discussion:
Apple: we think these proposals can coexist; however, we are considering both peak and spherical requirements, and the proposal in [16] is only considering peak; perhaps we should update that
Qualcomm: how does Apple propose to introduce spherical relaxation in the Pcmax equation?
Apple: we can clarify that there is relaxation on spherical

Requirement applicability
From the approved NR Work Item exception sheet [19]:

TS38.101-2
· For UL CA, contiguous CA with up to 800MHz aggregated channel bandwidth is considered. The number of CCs is FFS.
· 6.2.1 UE MOP for PC1/PC2/PC3/PC4
· For PC3, spherical coverage and peak EIRP requirements for UEs which support multiple FR2 bands
· 
· 6.2XX    MPR for PC2, 4 + CA
· 6.x.x      beam correspondence
· 6.2XX	Configured transmitted power inc CA and ULMIMO
· 6.3.3	General ON/OFF, PRACH and PUCCH time mask
· 6.3XX	Absolute/Relative/Aggregate power tolerance for CA
· Including RSRP estimation error and duration of related measurements
· 6.4.2      Transmit modulation quality for CA for PC2, PC4
· 7.3	Reference sensitivity
· For UE which supports a single FR2 band, spherical EIS requirements
· Spherical coverage and peak EIS requirements for UEs which support multi FR2 bands
· 7.4A          Max input level for CA for 64QAM
· 7.3AX	EIS for CA (NC)
· PCG

How to address reference sensitivity open items related to multi-band support

Option 1: Same relaxations for peak EIRP & peak EIS and same relaxations for 50%-tile CDF EIRP and 50%-tile CCDF EIS are defined
Option 2: For non-zero peak EIRP realaxations, peak EIS relaxations are scaled by a factor X1 (X1 is non-zero and TBD); for non-zero 50%-tile CDF EIRP relaxations, 50%-tile CCDF EIS relaxations are scaled by a factor X2 (X2 is non-zeros and TBD)


Discussion:
Apple: given the progress of the discussions, perhaps Option 1 is acceptable to save us time
Qualcomm: what is X1 and X2?
Apple: it can be anything; it means it is different

Proposal 1: Adopt Option 1 for reference sensitivity multi-band requirements

NTT DOCOMO: we don’t want to preclude Option 2; for us EIS is more important
NXP: we should perform simulations or measurements to see if the impact is different or same on Rx
Others
Discussion:
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