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1.	Introduction
RAN5 has determined that the current framework of multiband relaxations (MBR) for FR2 UEs is difficult to police and is too flexible in allowable band-specific relaxation values, as communicated to RAN4 in [1]. This problem was also previously identified in RAN4 [2].
In this contribution we analyse RAN5’s problem description and evaluate RAN5’s suggested solutions to streamline the MBR framework
2. 	Discussion
2.1 	Analysis of RAN5 problem description
The problem description is excerpted from the LS and reproduced in the Annex for convenient reference. Two types of problems were identified by RAN5. 
The first type of problem stems directly from the flexibility that a UE vendor has in distributing its dB budget for multiband relaxations (SMBP and SMBS) among its supported bands. RAN5 concludes that the RAN4 framework of cumulative relaxations without fixing relaxation for each band separately is not feasible to implement in the real world of testing labs:
[image: ]
Observation 1: RAN5 concludes that the RAN4 framework of flexible band-specific relaxations is not feasible to implement
The second problem is related to RAN5’s MU analysis effort, itself dependent on value of multiband relaxation chosen for each band. Today, RAN5 is forced to assume the worst-case scenario, that a UE vendor would use his entire budget of multi-band relaxations on one band. Further, their analysis can be rendered obsolete if RAN4 were to define a new, higher value of SMBP and SMBS in the future. Understandably, RAN5 finds this situation untenable.
[image: ]
Unfortunately, with the increasing number of FR2 bands, and extrapolation from established practice, it is unlikely than RAN4 can commit to not increasing relaxations further.
Observation 2: RAN5 concludes that it is untenable that RAN4 retains flexibility to increase the maximum allowed SMBP and SMBS in the future
2.2	Analysis of RAN5 action requests
RAN5 identifies 2 action items, as excerpted in figure 2.2-1
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Figure 2.2-1: RAN5 requests to RAN4
The first item is a request to RAN4 to not introduce any further requirements with the type of multiband framework that exists in v15.8 for EIRP and EIS. This item seems easy to accommodate, considering there are no new RAN4 requirements on the horizon that depend on multiband relaxations.
In the second item, RAN5 proffer two avenues to streamline the multiband framework, discussed in subsections below:
[bookmark: _Hlk31917735]2.2.1	An upper limit on allowed SMBP and SMBS
In RAN4, the budget for multiband relaxations increases with the number of supported bands. In Rel-15, there were 3 principal bands (n261 is a subset of n257, so it does not count as distinct from n257). A UE that supported these 3 bands was allowed SMBP and SMBS of 1.7 dB and 1.75 dB respectively. In Rel-16 and beyond, with the creation of new FR2 bands, a UE that supports additional bands may need additional relaxation. Even if RAN4 agreed to cap these parameters, RAN4 will not have addressed RAN5’s first problem type.
Observation 3: Instituting an upper limit on SMBP and SMBS is neither feasible nor a sufficient solution
2.2.2 	Define DMBP and DMBS per band
[bookmark: _GoBack]The second suggested solution from RAN5 to specify DMBP and DMBS (per band relaxations) may be a practical method to preserve RAN4 MBR while streamlining RAN5 implementation. In this type of MBR construct, during test of UE compliance in any band, only relaxations from that band would apply. This is true even for regions where bands may overlap, i.e. no double counting of relaxations is possible in overlapping regions during compliance test. This method would be viable if RAN4 can choose per-band values to be compliant with existing Rel-15 table notes while simultaneously minimizing any reduction in available cumulative relaxations. One such implementation of per band relaxations for Rel-15 is presented in table 2.2.2-1
	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


Table 2.2.2-1: Example of RAN5 friendly per-band relaxations
In Table 2.2.2-2, we compare existing cumulative relaxations (v15.8) versus new calculated cumulative relaxations consistent with per band relaxations in table 2.2.2-1. A UE would ‘collect’ relaxations for each band it is tested, regardless of overlap. The short fall is highlighted below in yellow, and negligible, in our opinion. Note that most band combinations are even, or ahead in terms of cumulative relaxations. The increases in cumulative relaxations could serve as partial recompense for loss of flexibility in per-band relaxations in v15.8.
	Supported bands
	∑MBP (dB)
	∑MBS (dB)

	
	v15.8
	Available from RAN5- friendly proposal
	v15.8
	Available from RAN5- friendly proposal

	n257, n258
	≤ 1.3
	1.3
	≤ 1.25
	1.4

	n257, n260
	≤ 1.0
	1.2
	≤ 0.753
	1.1

	n258, n260
	≤ 1.0
	1.1
	≤ 0.753
	1.1

	n257, n261
	0.0
	0.0
	0.0
	0.0

	n258, n261
	≤ 1.0
	1.1
	≤ 1.25
	1.4

	n260, n261
	0.0
	0.0
	≤ 0.752
	0.7

	n257, n258, n260
	≤ 1.7
	1.8
	≤ 1.753
	1.8

	n257, n258, n261
	≤ 1.7
	1.8
	≤ 1.753
	2.1

	n257, n258, n260, n261
	≤ 1.7
	2.3
	≤ 1.753
	2.5

	n257, n260, n261
	≤ 0.5
	1.7
	≤ 1.253
	1.8

	n258, n260, n261
	≤ 1.5
	1.6
	≤ 1.253
	1.8


Table 2.2.2-2: Proposed RAN5 friendly per-band relaxations compared to v15.8 relaxations
The added benefit is that the per-band construct for MBR resolves the size and scalability issues with table in context of introducing new bands in the future. 
Observation 4: Instituting per-band limits (DMB) on multiband relaxation solves RAN5’s problems with MBR, while practically preserving cumulative relaxations (SMB) and allowing future growth in supported bands.
Proposal 1: Change Rel-15 multiband relaxation framework from table 6.2.1.3-4 in TS38.101-2 v15.8 to per-band allowance in table below:
	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



The final RAN5 concern as communicated in the LS [1] is the lack of an upper-bound on relaxations, which drives MU analysis in each band. Now, the cumulative relaxation parameters of v15.8 roughly scales with number of bands supported. The implication is that the relaxation available to each band could change when a new supported-band combination was added. This problem is automatically and elegantly resolved by adopting an MBR framework based on per-band relaxations.	
We conclude that the RAN5-suggested per-band relaxations proves a good platform to recast multiband relaxations with implementation criteria and future scalability in mind. We however remain open to other solutions that can successfully resolve both problem types highlighted in the LS.
We have put together an LS [3] and a CR [4] consistent with proposal 1, for reference.
3.	Conclusion
RAN5 presented valid grievances against the RAN4 multiband framework [1]. Our analysis showed:
Observation 4: Instituting per-band limits (DMB) on multiband relaxation solves RAN5’s problems with MBR, while practically preserving cumulative relaxations (SMB) and allowing future growth in supported bands.
Proposal 1: Change Rel-15 multiband relaxation framework from table 6.2.1.3-4 in TS38.101-2 v15.8 to per-band allowance in table below:
	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



We conclude that the RAN5-suggested per-band relaxations proves a good platform to recast multiband relaxations with implementation criteria and future scalability in mind. We however remain open to other solutions that can successfully resolve both problem types highlighted in the LS.
We have put together an LS [3] and a CR [4] consistent with proposal 1, for reference.
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5.0	Annex – Problem description in [1]
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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.
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2. Actions:
To [RAN4] group.
ACTION:
* RANS5 kindly asks RAN4 group to consider problem descriptions 1 and 2 above

* To consider defining an upper limit of MBR (either AMBz or ¥ MBe) which will be of high value for RAN5
when defining measurement uncertainty or to consider MBR per band instead of summation across all

bands.




