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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.  



This contribution reviews the background of the MBR framework and recommends a solution to the issues raised in the RAN5 LS.
2	Discussion 
The FR2 RF specification defines the multi-band requirement framework as follows [1]:

For the UEs that support multiple FR2 bands, minimum requirement for peak EIRP and EIRP spherical coverage in Tables 6.2.1.3-1 and 6.2.1.3-3 shall be decreased per band, respectively, by the peak EIRP relaxation parameter MBP,n and EIRP spherical coverage relaxation parameter MBS,n. For each combination of supported bands ΔMBP,n and ΔMBS,n apply to each supported band n, such that the total relaxations, ∑MBP and ∑MBS, across all supported bands shall not exceed the total value indicated in Table 6.2.1.3-4.
Table 6.2.1.3-4: UE multi-band relaxation factors for power class 3
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



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, as documented in [3], and the definition of ∑MBP, ΔMBP,n, ∑MBS, ΔMBS,n terms [5] (also provided as an excerpt below).
Multiband framework proposals in discussion
Alt1: 
Way Forward from Qualcomm cosigned by: Nokia, Ericsson, Sony, Motorola, Verizon, AT&T, CMCC, Telstra, NTT Docomo, FUJITSU, SGS Wireless, Dish, Telecom Italia, T-Mobile, Deutsche Telekom, Softbank 
· No relaxations for spherical coverage requirement for n260 in any band-combination
· Multi-band spherical relaxation for any FR2 band other than n260, in any FR2 band-combination, shall be limited to 0.5dB
Alt2: 
Proposal from Vodafone initially verbally drafted in the R4-1816216
Multi-band spherical relaxation ΔMBS for UEs supporting any combination of FR2 bands is defined as:
•A single total value per combination of supported bands to be allocated to these bands according to UE implementation
•ΔMBS = N*0.5 dB, where N corresponds to the total number of bands in the  combination and excludes band n260 (N-1 in the case n260 is supported)
From updated CR from Apple
For the UEs that support operation in multiple FR2 bands, minimum requirement for peak EIRP and EIRP spherical coverage in Tables 6.2.1.3-1 and 6.2.1.3-3 shall be decreased, respectively, by the peak EIRP relaxation parameter MBP and EIRP spherical coverage relaxation parameter MBS as specified in Table 6.2.1.3-4. For each combination of supported bands ΔMBP and ΔMBS,n apply to each supported band n, such that the total relaxation across all supported bands does not exceed the total value indicated.
Table 6.2.1.3-4: UE multi-band relaxation factors for power class 3
Supported bands
∑MBP (dB)
∑MBS (dB)
Intel proposal
n257, n258
≤ 1.3
≤ 1.0
≤ 1.25
n258, n260
≤ 1.0
≤ 0.53
≤ 0.753
n258, n261
≤ 1.0
≤ 1.0
≤ 1.25
n260, n261
0.0
≤ 0.52
≤ 0.752
n257, n258, n261
≤ 1.7
≤ 1.5
≤ 1.75
n257, n260, n261
≤ 0.5
≤ 1.03
≤ 1.253
n258, n260, n261
≤ 1.5
≤ 1.03
≤ 1.253
n257, n258, n260, n261
≤ 1.7
≤ 1.53
≤ 1.753
NOTE 1:	The requirements in this table are applicable to UEs which support only the indicated bands
NOTE 2:	For supported band combination n260 + n261, ΔMBS,n is not applied for band n260
NOTE 3:  For n260, maximum applicable ΔMBS,n is 0.4 dB


No separate test for beam correspondence and EIRP spherical coverage.
Agreement is to work reducing values in Table 6.2.1.3-4 in Rel-16.
Companies present: ATT, DISH, CMCC, Verizon, Intel, Apple, Huawei, NXP, Mediatek, Oppo, Vivo, Docomo, Orange, Samsung, Nokia, Sony, Qualcomm, Softbank, 

Alt3:
Same as Alt2 but with Intel proposal is to have 0.5 dB additional relaxation for Alt2. I.e. formula in Alt2 would be ΔMBS = N*0.5 dB + 0.5 dB, N>=2.

Discussion:
AH2:
Intel proposal is to have 0.5 dB additional relaxation for Alt2. I.e. formula in Alt2 would be ΔMBS = N*0.5 dB + 0.5 dB, N>=2. This is marked as Alt3
ATT and Verizon do not want to have non zero delta MBS for n260 in any combination. Apple wants to have non zero. 
CMCC, Docomo and Softbank supports Alt2. Apple is hoping for US carriers to compromise to Alt2 
ATT: If 260+261 will not have relaxation on 260, why other combinations can not have zero
Is there acceptable non zero relaxation for n260 for cases in note3
Vzw and ATT accept max 0.4 dB relaxation for n260
Intel request  0.5 dB more relaxation.


The Rel-15 specification reflects the following general framework for defining the spherical coverage multi-band factors:

-	∑MBS = N*0.5 + 0.25 dB, where N corresponds to the total number of bands in the combination and excludes band n260 (N-1 in the case n260 is supported)
-	∑MBP = N*0.5 + ∆PS, where ∆PS is the calculated difference between the average peak relaxation and the average spherical coverage relaxation from the summarized data in [4]
-	The related notes identify exceptions to this rule for certain bands, and no multi-band relaxations are defined for the case of n257 + n261, since n261 is a subset of n257 
The eventual agreement on MBR was a compromise involving many companies which also included an agreement on the beam correspondence requirement in Rel-15.  Thus, proposals to revert jus the MBR portion of this agreement do not take the complete situation into account.
Regarding the two specific testability issues which RAN5 has raised, our understanding is the following:
-	Issues related to the potential misuse of UE capability declaration information at the time of device certification should be resolved by the certification issuing authority.  In our understanding, a UE declares is multi-band factors based on supported bands and not based on a subset of bands which are tested.  If, as the example shows, a UE supports a band with a multi-band factor of 0 and which is not tested in certification, then the pass/fail outcome for that band is not defined.  One approach can be to ensure that the certification authority supports all bands defined in the UE RF Core specification, so that pass/fail outcomes can be defined for all bands which the UE supports.
-	Issue #2 raised in the RAN5 LS is a concern which we also share as we observe the introduction of Band n259 to the Rel-16 specification.  With further spectrum allocation anticipated for mmWave, even more FR2 bands may be defined in the specification.  One way to retain the spirit of the Rel-15 compromise and to address this concern is to introduce a maximum cap to the per-band relaxation factors.

Based on the above observations, the practical steps which RAN4 can take to address the concerns raised in the RAN5 LS [1] can be summarized with the following proposals:

[bookmark: _Toc20816915][bookmark: _Toc20817384][bookmark: _Toc20818480][bookmark: _Toc20818486][bookmark: _Toc20818517][bookmark: _Toc20818541][bookmark: _Toc20818551][bookmark: _Toc20818595][bookmark: _Toc20818633][bookmark: _Toc20871522][bookmark: _Toc23750738][bookmark: _Toc23751359][bookmark: _Toc23753257][bookmark: _Toc23753888][bookmark: _Toc23768470][bookmark: _Toc23773676][bookmark: _Toc23773711][bookmark: _Toc23773716][bookmark: _Toc32277753][bookmark: _Toc32277867][bookmark: _Toc32278405][bookmark: _Toc32278487][bookmark: _Toc32279003][bookmark: _Toc32279250][bookmark: _Toc32325244]Proposal 1:	RAN4 shall introduce a maximum cap to the per-band relaxation factors, such that ∆MBP,n ≤ 0.75 dB and ∆MBS,n ≤ 0.75 dB.
[bookmark: _Toc32278406][bookmark: _Toc32278488][bookmark: _Toc32279004][bookmark: _Toc32279251][bookmark: _Toc32325245]Proposal 2:	RAN4 shall introduce the changes to MBR in the Rel-15 specification.
A draft response LS to RAN5 captures the above proposals in [6].
3	Conclusions
This contribution has reviewed the issues related to the multi-band requirement framework in Rel-16 and beyond and made the following proposal:

Proposal 1:	RAN4 shall introduce a maximum cap to the per-band relaxation factors, such that ∆MBP,n ≤ 0.75 dB and ∆MBS,n ≤ 0.75 dB.
Proposal 2:	RAN4 shall introduce the changes to MBR in the Rel-15 specification.
A draft response LS to RAN5 captures the above proposals in [6].
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