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Available data in RAN4
Based on the submitted data in [1] through [6] during the RAN4 #88 meeting, the submitted data in [9] through [18] during the RAN4 #88bis meeting, the submitted data in [19] through [27], and also based on offline discussion, 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]
	[2,22]
	[13]
	[4,10]
	[5]
	[6, 27]
	[9]
	[14]
	[18]
	[23,26]
	[24]a
	[24]b

	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
	0.0
	0.0
	0.0

	
	n260, n261
	n261
	0.0
	0.0
	0.0
	1.0
	
	
	0.0
	0.0
	0.0
	0.0
	0.0
	1.0

	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
	
	0.0
	
	
	
	
	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
	
	0.0
	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]
	[2,22]
	[13]
	[4,10]
	[5]
	[6, 27]
	[9]
	[14]
	[18]
	[23,26]
	[24]a
	[24]b

	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
	0.4
	0.1
	1.3

	
	n260, n261
	n261
	0.0
	0.0
	0.0
	1.6
	
	
	0.0
	0.0
	0.0
	1.4
	2.4
	0.2

	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 (NOTE 1)
	n257, n258, n260, n261
	n257
	1.9
	0.0
	
	2.4
	
	2.0
	2.0
	
	0.0
	
	
	

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

	
	n257, n258, n260, n261
	n260
	1.8
	0.0
	
	1.3
	
	1.0
	2.0
	
	0.0
	
	
	

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


[bookmark: _GoBack]NOTE 1: Multi-band relaxation data for 50%-tile CDF from [2, 22] for Case 1 has been provided based on network performance considerations alone.

Discussion:
Chair requests to clarify:
To proponents of [22], is it possible to share the technical analysis related to the changes to values for Case 4 and Case 3?  Also, is the understanding correct that peak EIRP relaxations for Case 3 are no longer proposed by the proponents?  If so, what is the meaning of the proposed spherical coverage relaxation values for Case 3? 

Qualcomm: we had intended to carry forward numbers from our previous submission, but we had a copy and paste error; we can revert to our previously submitted values
Chair note: values in Table 1, Table 2, and Table 3 are updated based on the clarification from Qualcomm
Deriving the multi-band relaxation values
Based on the available data and the prioritization of cases, Table 3 below summarizes the data in terms of minimum, maximum, and average of the proposed values.

Effort to develop the proposals is prioritized to target Case 5 and then other cases.  Columns to handle potential 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
	Avg
	Alt.1
	Alt.2
	Min
	Max
	Avg
	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
	
	
	0.0
	1.0
	0.5
	
	

	
	n258, n260
	n260
	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
	1.2
	
	
	0.0
	2.0
	1.0
	
	

	5
	n260, n261
	n260
	0.0
	0.0
	0.0
	
	
	0.0
	1.6
	0.5
	
	

	
	n260, n261
	n261
	0.0
	1.0
	0.2
	
	
	0.0
	2.4
	0.6
	
	

	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
	
	
	
	
	
	
	
	
	
	

	
	n257, n260, n261
	n260
	
	
	
	
	
	
	
	
	
	

	
	n257, n260, n261
	n261
	
	
	
	
	
	
	
	
	
	

	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
	1.71.4
	
	

	
	n257, n258, n260, n261
	n258
	0.0
	2.1
	1.6
	
	
	0.0
	2.4
	1.71.4
	
	

	
	n257, n258, n260, n261
	n260
	0.0
	2.0
	0.7
	
	
	0.0
	2.0
	1.21.0
	
	

	
	n257, n258, n260, n261
	n261
	0.0
	2.0
	1.6
	
	
	0.0
	2.4
	1.51.3
	
	



Discussion:
Qualcomm: for Case 3 we do not have peak submissions there
LGE: we provided values for Case 3 only; we can prioritize Case 5 and Case 1
Intel: for Case 5 it seems that the average is essentially 0 for the peak for both bands and 0.5 and 0.6 for the spherical coverage; can we discuss whether the averages make sense?
Sony: we have seen simulation so far; based on this we can see we can optimize for different bands; we can’t get 0 for both bands at the same time; there is some margin in the specification also; we assume that it is possible to optimize one band over the other: can we ask operators which band to optimize in Case 5?
Intel: we could prioritize bands, but the question is whether everyone will be able to agree to this; perhaps splitting the pain between the two bands makes more sense; we think shared pain approach is more fair
Chair: does shared pain mean 0.5 dB each band?
Intel: yes
AT&T: it would be hard to prioritize one band over the other; we don’t have an issue with agreeing with the shared pain approach
LGE: shared pain is confusing; in LTE CA case we averaged all interested companies’ additional IL and then we divided half and half between vendor and operator; this would mean we adopt 0.25 dB; in our understanding, Intel’s proposal is only average manner
Intel: we meant sharing the pain between two bands
Qualcomm: we thought that n261 spherical coverage impact was already agreed; we thought just the n260 spherical was under discussion
Verizon: we agree with Qualcomm
Chair: in Gothenburg meeting n261 value was 0 based on the data available then; since then more data was submitted
Apple: perhaps we can start capturing alternatives and see where we can converge; what is the range of the values we are talking about for Case 5

Alt. 1: Case 5 peak EIRP relaxation = 0 for n261 and n260; spherical EIRP relaxation = 0.5 for n261 and n260
Alt. 2: Case 5 peak EIRP relaxation = 0 for n261 and n260; spherical EIRP relaxation = 1.0 dB total available to be allocated to n261 and n260 according to UE implementation
Alt. 3: Agree band-specific relaxation values X dB (for peak) and Y dB (for spherical) to be allocated to each appropriate supported band according to UE implementation

Vodafone: we wonder if it makes sense to define total pain without explicitly stating which band is applies to; would this work?
Apple: from the earlier comments we understood that some operators said they need to have a clear number for planning; is it correct understanding that we need to have a clear number rather than a range?
Qualcomm: we think that a band combination agnostic setup could be pursued; this way network operators could know what kind of degradation to expect
Intel: if we understood Qualcomm correctly, should we agree that whatever value we agree should apply to all of the cases 1 through 8?
Qualcomm: yes
Apple: going to the data, the larger numbers are for Case 1; does this mean we derive the value from Case 1 so that all the other cases can be supported?
Qualcomm: suggest clarifying Alt. 3 to include peak and spherical impact (X and Y)
Verizon: can Qualcomm clarify?
Qualcomm: we want to make this forward compatible to future bands; the X value (peak impact) for n260 and n261 for Case 5 are already stable
How to implement the framework in the specification
Proposal in [20]:

--- begin text proposal ---
[bookmark: _Toc518913710]6.2.1.3	UE maximum output power for power class 3
…
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 reflected in the requirement as follows:
-	Single-band peak EIRP limits, TSBP, in Table 6.2.1.3-1 are modified by the factor ΔTMBP from Table 6.2.1.3-4, such that the minimum peak EIRP limit for UEs which support the bands indicated in Table 6.2.1.3-4 is TMBP = TSBP - ΔTMBP.
-	Single-band EIRP spherical coverage limits, TSBS, in Table 6.2.1.3-3 are modified by the factor ΔTMBS from Table 6.2.1.3-4, such that the EIRP spherical coverage limit for UEs which support the bands indicated in Table 6.2.1.3-4 is TMBS = TSBS - ΔTMBS.

Table 6.2.1.3-4: UE multi-band factors 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 [21]:

--- begin text proposal ---
[bookmark: _Toc526340815]6.2.4	Configured transmitted power
The UE can configure its maximum output power. The configured UE maximum output power PCMAX,f,c for carrier f of a serving cell c is defined as that available to the reference point of a given transmitter branch that corresponds to the reference point of the higher-layer filtered RSRP measurement in each receiver branch as specified in 38.215.
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+ ΔMBP, 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
with PPowerclass the UE power class as specified in sub-clause 6.2.1, EIRPmax the applicable maximum EIRP as specified in sub-clause 6.2.1, MPRf,c as specified in sub-clause 6.2.2, P-MPRf,c the power management term for the UE, ΔMBP the peak EIRP relaxation as specified in section 6.2.1 and TRPmax the maximum TRP for the UE power class as specified in sub-clause 6.2.1. The tolerance T(∆P) for applicable values of ∆P (values in dB) is specified in Table 6.2.4-1.
…
For the UE that supports operation in multiple FR2 bands, peak EIRP relaxation parameter MBP and EIRP spherical coverage relaxation parameter MBS are as specified in table 6.2.1.3-4 
Table 6.2.1.3-4: UE EIRP multi-band relaxation parameters for power class 3

	Band Combination
	Operating Band
	MBP [dB]
	MBS [dB]

	n257+n258
	n257
	1.0
	0.0

	
	n258
	1.0
	0.0

	n258+n260
	n258
	1.0
	0.0

	
	n260
	1.0
	0.0

	n258+n261
	n258
	1.0
	0.0

	
	n261
	0.0
	0.0

	n260+n261
	n260
	0.0
	0.0

	
	n261
	0.0
	0.0

	n257+n258+n261
	n257
	0.0
	0.0

	
	n258
	0.0
	0.0

	
	n261
	0.0
	0.0

	n257+n260+n261
	n257
	
	0.0

	
	n260
	
	0.0

	
	n261
	
	0.0

	n258+n260+n261
	n258
	1.0
	0.0

	
	n260
	1.0
	0.0

	
	n261
	0.0
	0.0

	n257+n258+n260+n261
	n257
	
	0.0

	
	n258
	
	0.0

	
	n260
	
	0.0

	
	n261
	
	0.0



…
[bookmark: _Toc526340931]7.3.3	Multi-band relaxation
For the UE that supports operation in multiple FR2 bands, reference sensitivity relaxation parameter MBP and EIS spherical coverage relaxation parameter MBS are as specified in section 6.2.1

--- end text proposal ---

Discussion:
Qualcomm: in the interest of progress, we can remove the values if we can find agreement on the wording and sections; can we agree that like all other relaxations the configured power will reflect it?
Components to merge:
Pcmax equation
Apple: if we have one single number, can we merge this with this Pcmax equation?
Qualcomm: the equation can remain the way it is; the value we converge on can feed into the equation

Agreement: the Pcmax equation includes multi-band relaxation associated with peak EIRP only, and the change associated with Clauses 3.2 and 6.2.4 in [21] can be endorsed

Multi-band relaxation values and description

Proposal: add “NOTE 2: The requirements in this table are only applicable for UE which support single band in FR2” to the peak EIRP table

NTT DOCOMO: our preference is to capture this note together with agreed relaxation values
Verizon: for now this is OK; we are on the way to build up a framework; how can we add the note and later on we have a framework

EIRP relaxation descriptions

Alt. 1: For the UE that supports operation in multiple FR2 bands, peak EIRP relaxation parameter MBP and EIRP spherical coverage relaxation parameter MBS are as specified in table 6.2.1.3-4

Alt. 2: 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 reflected in the requirement as follows:
-	Single-band peak EIRP limits, TSBP, in Table 6.2.1.3-1 are modified by the factor ΔTMBP from Table 6.2.1.3-4, such that the minimum peak EIRP limit for UEs which support the bands indicated in Table 6.2.1.3-4 is TMBP = TSBP - ΔTMBP.
-	Single-band EIRP spherical coverage limits, TSBS, in Table 6.2.1.3-3 are modified by the factor ΔTMBS from Table 6.2.1.3-4, such that the EIRP spherical coverage limit for UEs which support the bands indicated in Table 6.2.1.3-4 is TMBS = TSBS - ΔTMBS.


Apple: the delta in Alt. 2 is clear that it is subracted from the Tx requirements, and for EIS it is added; Alt. 1 may make it confusing how to apply the delta to the requirement
LGE: the configured Tx power equation already captures the subtraction; Alt. 1 is more clear
Apple: we are OK with Alt 1 for EIRP, but we need to do something for EIS

Agreement: adopt Alt. 1 for the EIRP relaxation description

EIS multi-band relaxation description
Alt. 1: For the UE that supports operation in multiple FR2 bands, reference sensitivity relaxation parameter MBP and EIS spherical coverage relaxation parameter MBS are as specified in section 6.2.1

Apple: as long as we clarify that the delta is added for EIS, we would be OK; maybe for EIRP we can say it is negative or positive, and we say for EIS it is negative
Qualcomm: perhaps we can take a look at the LTE notation and suggest a way forward after further offline discussion
Others
Discussion:
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