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1	Introduction 
During the RAN4 #93 meeting a discussion was initiated on how the multi-band requirement (MBR) framework should be defined in Rel-16.  In addition, RAN5 has sent an LS to RAN4 with a testability analysis of the MBR framework in Rel-15, as follows [1]:
	1. Overall Description:
In [R4-1902181] RAN4 sent an LS to RAN5 with a proposal on how to use the multi-band relaxation (MBR) for FR2 RF testing, suggesting that the UE vendor declares per band relaxation factors which should comply with the max allowed accumulated value over supported bands defined in TS 38.101-2, thereby allowing testing to be performed per band. This is in theory possible, but RAN5 are facing some practical problems that could not be anticipated by RAN4 in the LS. 

RAN5 have since worked on implementing this in RAN5 specs, but the RAN5 implementation also have an impact on certification organizations GCF and PTCRB. GCF/PTCRB have put mechanisms in place that ensure that the UE declares multiband relaxation factors per band for all the supported bands not only the bands part of certification and have ensured that the declared values cannot change if certification is distributed over several labs or over time. 
	
However, problems described below remain and cannot be solved by RAN5:

Problem description 1 - Some bands may not be tested:
Certification organizations cannot mandate testing in bands not part of certification at a given point in time. Reasons for not testing a UE supported band may be:
1) The band is not part of certification (e.g. certification organizations have chosen not to include the band)
2) No test equipment is yet available for the band (no test case validations). 

Although we have a framework in certification to document MBR values and track it across multiple labs, there is still a potential risk of misuse of the UE multi-band declaration [R5-199577]. The issue is that if not all the supported bands by the UE are tested, a situation that will be common as more bands are being defined in 3GPP, the UE could safely assign all the allowed multiband relaxation on the tested bands (setting MB=0 on untested bands) thereby allowing a non-compliant UE to pass certification. 

It is RAN5 conclusion that RAN5 cannot fully ensure correct conformance test implementation of MBR. 

Problem description 2 - Impact on testability analysis if MBR increase:
MBR value has an impact on testability in RAN5. The maximum MBR value decides how much relaxation to be required for each test case. In MOP (EIRP) analysis, MBR = 1.7 dB (value for UEs supporting n257, n258, n260, n261) is selected as maximum MBR. This means analysis of testability issue needs to be conducted again if maximum MBR is updated in the future. If maximum MBR becomes larger, RAN5 will need to re-evaluate testability issues per test case. Hence RAN5 cannot and does not intend to keep re-opening testability topics considered complete. 
	

2. Actions:
To [RAN4] group.
[bookmark: _Hlk25342110]ACTION: 	
· RAN5 kindly asks RAN4 group to consider problem descriptions 1 and 2 above 
· To consider defining an upper limit of MBR (either ΔMBP or ∑MBP) which will be of high value for RAN5 when defining measurement uncertainty or to consider MBR per band instead of summation across all bands.  



During the RAN4 #94-e meeting the following agreement was reached [2]:
	Way forward

-	RAN4 agrees to make modifications to multiband relaxation framework
-	The modifications to multiband relaxation framework is valid from Rel-15.
-	The modifications to multiband relaxation framework:
-	Open issue 1: Whether to keep the current format of multiband requirement in TS38.101-2 (summation of total relaxation)
-	Option 1: Keep the current format and introduce additional maximum cap to the per-band relaxation.
-	Option 2: Replace multiband relaxation framework to per-band relaxation.
-	Open issue 2: Rel-15 and Rel-16 adoption
-	Option 1: Adopt option 1 for Rel-15, and adopt option 1 from Rel-16.
-	Option 2: Adopt option 1 for Rel-15, and adopt option 2 from Rel-16.
-	Option 3: Adopt option 2 for Rel-15, and adopt option 2 from Rel-16.
-	Open issue 3: The values for the selected relaxation framework(s) in open issue 1 (, respectively)
-	Option 1:  Define the values as in R4-2000022: ∆MBP,n ≤ 0.75 dB and ∆MBS,n ≤ 0.75 dB.
-	Option 2:  Define the values as in R4-2000200 (table below). Relaxation is same no matter what band combinations UE supports, with the exceptions listed in notes.
-	Option 3: Other values are not precluded.
-	RAN4 continue discussion of open issues in the next meeting
-	MBR values for band n259 will also be discussed in the next meeting(s), and agreed before Rel-16 freeze.
	Band
	DMBP (dB)
	DMBS (dB)

	n257
	0.73
	0.73

	n258
	0.6
	0.7

	n260
	0.51
	0.41

	n261
	0.52,4
	0.74

	Note 1: n260 peak and spherical relaxations are 0 dB for UE that exclusively supports n261+n260
Note 2: n261 peak relaxation is 0 dB for UE that exclusively supports n261+n260
Note 3: n257 peak and spherical relaxations are 0 dB for UE that exclusively supports n261+n257
Note 4: n261 peak and spherical relaxations are 0 dB for UE that exclusively supports n261+n257






Following the RAN4 #94e-bis meeting, the following email discussion summary was captured [3] (relevant aspects are excerpted below):
	Summary for 1st round 
	
	Status summary 

	Issue 3-1-1: Change options for REL15 MBR framework

	Option 1: Keep the current format and introduce additional maximum cap to the per-band relaxation 
Option 2: Replace multiband relaxation framework to per-band relaxation
Discussion: For REL15 four companies could accept both option 1 and 2. Four were in favor of option 1 and one for option 2.
Option 1: Intel(also ok), Nokia(also ok), NTT Docomo (also ok), SONY (also ok), OPPO, Samsung, Qualcomm, Apple
Option 2: Intel(preference), Nokia(preference), NTT Docomo(preference), SONY (preference), Ericsson
Tentative agreements: None
Candidate options: None
Recommendations for 2nd round: Go with option 1. R4-2004706

	Issue 3-1-2: Change options for REL16 MBR framework

	Option 1: Keep the current format and introduce additional maximum cap to the per-band relaxation 
Option 2: Replace multiband relaxation framework to per-band relaxation
Discussion: Two companies favor option 1 and seven option 2. 
Option 1: OPPO, Apple
Option 2: Intel, Samsung, Nokia, NTT Docomo, SONY, Qualcomm, Ericsson
Tentative agreements: None
Candidate options: None
Recommendations for 2nd round: Go with option 2. R4-2003655


Discussion on 2nd round (if applicable)
Ericsson:  
Considering the result of 1st round discussions, we agree to compromise and adopt option 1 for Rel-15 and option 2 for Rel-16 as recommended by the moderator. Both draft CRs R4-2004705 and R4-2003655 are agreeable for us.
On LS reply to RAN5, R4-2004705 and R4-2004868 are in line and both cover only Rel-15.  So, we also need to inform RAN5 about RAN4  agreement on Rel-16  MBR framework (adoption of option 2).
Qualcomm: 
Rel-15 can retain option 1, Rel-16 and new bands introduced as release independent can start using option 2. Our preference for option 2 going forward is lack of scalability with option 1. In our view, the LSs each state that each band will have an upper limit on per band relaxation of 0.75 dB which was the ask from RAN5. So we think the current LS is good, but we are not opposed to adding more information.
NTT DOCMO, INC.
We also agree to compromise and follows moderator suggestion to move forward. For how to handle new bands introduced after Rel-15 using release independent approach from Rel-15, it should be clarified. We have same view with Qualcomm and such bands should follow option 2.
SONY: We think the moderator’s recommendation is a good compromise and is fine to go with it. However, we also think Qualcomm’s suggestion is valuable to be considered, which can reduce the complication on updating the Rel-15 spec. in the future. Some wording suggested to be added to Rel-15 as below:
“Any new bands added would only be entered into Rel-16 MBR table. Rel-15 UEs using new bands would have to use Rel-16 MBR framework”
Huawei: it seems our comments in 1st round is not captured…
However, we prefer option 1 for rel15 and option 2 for rel-16.
Samsung: For the new band introduction for Rel-15, we have the same understanding and position with Qualcomm. Sony’s suggestion is also fine to us and it should be captured in the LS as well. 
Apple: We can accept the moderator’s recommended compromise and also agree with Sony’s suggested wording on handling the release independence of new bands. This aspect should also be captured in the LS to RAN5 to clarify the situation.
MediaTek: We are okay to compromise to “option 1 for rel15 and option 2 for rel-16”. However, we think no matter new band(s) or current bands, if the UE is for rel-15, all bands shall follow option-1 MBR framework; and if the UE is for Rel-16, all bands shall follow option-2 MBR framework. We think make the MBR framework consistent in one release is more made sense and simple.
Summary on 2nd round (if applicable)
	CR/TP/LS/WF number
	Status
	T-doc  Status update recommendation  

	R4-2004705
	To be revised
	[draft] LS response on Multiband relaxation for FR2

	R4-2004706
	To be revised (Sony comment)
	Draft CR to 38.101-2 on correction of the FR2 multi-band requirement framework

	R4-2003655
	To be endorsed
	Draft CR to 38.101-2 on CR to 38.101-2: Revision to Multiband Relaxations

	R4-2004868	
	Noted
	Reply to LS R5-199424 on FR2 Multiband Relaxations






This contribution summarizes the relevant aspects of the multi-band relaxation framework as a text proposal to TR38.831 based on the contributions in [3], [4], [5], [6], [7].
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3	Text Proposal
<< start of text proposal 1 >>
2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	3GPP TS 38.101-2: "User Equipment (UE) radio transmission and reception; Part 2: Range 2 Standalone".
[bookmark: _GoBack][3]	3GPP TS 38.307: "Requirements on User Equipments (UEs) supporting a release-independent frequency band".
…
[x]	<doctype> <#>[ ([up to and including]{yyyy[-mm]|V<a[.b[.c]]>}[onwards])]: "<Title>".

<< end of text proposal 1 >>

<< start of text proposal 2 >>

4.9	FR2 UE MBR Enhancement
The Rel-15 FR2 RF specification [2] defines the multi-band requirement framework as a table (Table 6.2.1.3-4) of total relaxations, ∑MBP and ∑MBS, allowed for all possible combinations of the four bands which were introduced in Rel-15 (i.e. bands n257, n258, n260, n261).  The definition of the multi-band framework in Rel-15 proceeded in two steps: collection of performance data comparing single band and multi-band performance and the definition of ∑MBP, ΔMBP,n, ∑MBS, ΔMBS,n terms.  The eventual agreement on MBR was a compromise involving many companies which also included an agreement on the beam correspondence requirement in Rel-15.  The enhancement of MBR in Rel-16 is motivated by the following observations:
-	As new FR2 bands are introduced in releases following Rel-15, the framework’s scalability can become a concern, since the relaxation factors need to be recalculated for all bands each time a new band is defined.
-	MBR value has an impact on testability in RAN5. The maximum MBR value decides how much relaxation to be required for each test case. In MOP (EIRP) analysis, MBR = 1.7 dB (value for UEs supporting n257, n258, n260, n261) is selected as maximum MBR. This means analysis of testability issue needs to be conducted again if maximum MBR is updated in the future. If maximum MBR becomes larger, RAN5 will need to re-evaluate testability issues per test case. Hence RAN5 cannot and does not intend to keep re-opening testability topics considered complete.
These concerns have been addressed by enhancing the MBR framework in the following way:
-	In the scope of Rel-15:
-	RAN4 introduces a maximum cap to the per-band relaxation factors, such that ∆MBP,n ≤ 0.75 dB and ∆MBS,n ≤ 0.75 dB
-	This MBR framework is applicable to the bands defined in Rel-15 (i.e. n257, n258, n260, n261) and is defined only in the Rel-15 version of TS38.101-2
-	In the scope of Rel-16 and beyond:
-	RAN4 defines fixed per-band relaxation factors, ∆MBP,n and ∆MBS,n, directly in the specification
-	This MBR framework applies to a Rel-16+ UE supporting any FR2 band(s)
-	This MBR framework also applies to a Rel-15 UE if it supports any FR2 band which is introduced in Rel-16+ (e.g. band n259)
Table 4.9-1 below captures the enhanced MBR framework in Rel-15.
Table 4.9-1: UE multi-band relaxation factors for power class 3 (Rel-15)
	Supported bands
	∑MBP (dB)
	∑MBS (dB)

	n257, n258
	≤ 1.3
	≤ 1.25

	n257, n260
n258, n260
	≤ 1.0
	≤ 0.753

	n257, n261
	0.0
	0.0

	n258, n261
	≤ 1.0
	≤ 1.25

	n260, n261
	0.0
	≤ 0.752

	n257, n258, n260
n257, n258, n261
n257, n258, n260, n261
	≤ 1.7
	≤ 1.753

	n257, n260, n261
	≤ 0.5
	≤ 1.253

	n258, n260, n261
	≤ 1.5
	≤ 1.253

	NOTE 1:	The requirements in this table are applicable to UEs which support only the indicated bands
NOTE 2:	For supported bands n260 + n261, ΔMBS,n is not applied for band n260
NOTE 3:	For n260, maximum applicable MBS,n is 0.4 dB and MBP,n is 0.75 dB
NOTE 4:	For all bands except n260, the maximum applicable MBP,n and MBS,n is 0.75 dB



Table 4.9-1 below captures the enhanced MBR framework in Rel-16.
Table 4.9-2: UE multi-band relaxation factors for power class 3 (Rel-16)
	Band
	DMBP (dB)
	DMBS (dB)

	n257
	0.73
	0.73

	n258
	0.6
	0.7

	n260
	0.51
	0.41

	n261
	0.52,4
	0.74

	Note 1:	n260 peak and spherical relaxations are 0 dB for UE that exclusively supports n261+n260
Note 2:	n261 peak relaxation is 0 dB for UE that exclusively supports n261+n260
Note 3:	n257 peak and spherical relaxations are 0 dB for UE that exclusively supports n261+n257
Note 4:	n261 peak and spherical relaxations are 0 dB for UE that exclusively supports n261+n257



In order to specify requirements for release-indepenent features, RAN4 maintains the release independence specification [3].  A clarifying note is added to Table B.4.1-1 in [3], as shown in Table 4.9-3 below.

Table 4.9-3: Common UE RF requirements for a release independent band
	Clause / Clause
	Description

	5.2
	Operating bands

	5.3
	UE Channel bandwidth

	5.4
	Channel arrangement

	6.2
	Transmitter power

	6.3
	Output power dynamics 

	6.4
	Transmit signal quality

	6.5
	Output RF spectrum emissions

	6.6 of [3]
	Beam correspondence

	7.3
	Reference sensitivity

	7.4
	Maximum input level

	7.5
	Adjacent Channel Selectivity

	7.6
	Blocking characteristics

	7.7 of [2]
	Spurious response

	7.8 of [2]
	Intermodulation characteristics

	7.9
	Spurious emissions

	NOTE:	A UE which supports any FR2 band introduced in release N, where N > 15, shall meet the requirements according to the FR2 UE multi-band relaxation factors defined in Table 6.2.1.3-4 of the release N version of [3] for all FR2 bands which it supports.




<< end of text proposal 2 >>
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