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1	Introduction 
The work item to introduce the new Band n259 [1] has reached the following agreements [2]:
Agreement:
-	Band plan for n259 is 39.5GHz – 43.5GHz
-	Intra-band CA requirements shall apply for inter-band CA configurations between n260 and n259 including intra-band capabilities.   
-	Requirements for single band n259 and associated multiband requirements shall be agreed as a single CR pack for n259 WI. 
-	The scope of the multiband requirements shall be further discussed.
According to the Rapporteur’s work plan [3] a suggested work plan refinement [4], the work on deriving multi-band requirements for band n259 has progressed during the RAN4 #92 meeting with the following agreements [5]:
WF
-	To define the maximum output power and Refsens OTA requirements for n259, companies are encouraged to provide the link budget parameters for Tx and Rx in the next meeting according to the tables in the WF.
-	PC3 is considered as the highest priority
-	For the analysis and simulations, packaging environment shall be considered (plastic, glass)
Multi-band relaxation
-	Companies are encouraged to submit analysis on multiband relaxations for band configurations including n259 with respect to provided parameters in the previous slide.
According to the WF in [5], the single band peak EIRP and REFSENS values were agreed in [6]:
Way Forward
-	Based on inputs from [1]-[6], averaging method is proposed to define the PC3 minimum peak EIRP, EIS requirements for n259:
	-	Minimum peak EIRP: 18.7dBm
	-	Minimum peak EIS: -84.7dBm/50MHz
It is anticipated that the single band spherical coverage requirements for EIRP and EIS can be agreed during the RAN4 #93 meeting.  At least our views on this topic are provided in [7].
The FR2 RF specification defines the multi-band requirement framework as follows [8]:
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


In order to compile the full package of requirements for band n259 (including single band and multi-band), the multi-band framework needs to be enhanced to include band n259.
This contribution provides our proposals to extend the multi-band requirement framework to include band n259.
2	Discussion 
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 [9], and the definition of ∑MBP, ΔMBP,n, ∑MBS, ΔMBS,n terms [11] (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 [10]
-	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 
Table 1 below provides the calculations of multi-band factors in the Rel-15 version of the specification for reference.

Table 1: Calculation of multi-band factors in Rel-15 (for reference)
	Supported bands
	Peak - spherical adjustment
	N
	0.5*N
	∑MBP
	∑MBS

	n257, n258
	0.3
	2
	1
	1.3
	1.25

	n257, n260
n258, n260
	0.5
	1
	0.5
	1
	0.75

	n257, n261
	
	
	
	0
	0

	n258, n261
	0
	2
	1
	1
	1.25

	n260, n261
	-0.5
	1
	0.5
	0
	0.75

	n257, n258, n260
n257, n258, n261
n257, n258, n260, n261
	0.2
	3
	1.5
	1.7
	1.75

	n257, n260, n261
	-0.5
	2
	1
	0.5
	1.25

	n258, n260, n261
	0.5
	2
	1
	1.5
	1.25



We observe that the peak to spherical difference, which was used to adjust the peak relaxation factors, is a data driven parameter which could be difficult and impractical to derive for all possible combinations of supported bands with band n259 in the mix.  In our understanding, this parameter was introduced based on specific limitations of the Rel-15 device design.  Thus, in the context of adding band n259, we propose to simplify the framework to the following:

-	∑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 
-	Retain notes 1 – 3 from the Rel-15 table
Table 2 below provides the proposed multi-band factors according to this simplified framework.

Table 2: Proposed extension of multi-band factors for band n259
	Supported bands
	Peak - spherical adjustment
	N
	0.5*N
	∑MBP
	∑MBS

	n257, n259
n258, n259
n259, n261
	0
	2
	1
	1
	1.25

	n259, n260
	0
	1
	0.5
	0.5
	0.75

	n257, n258, n259
	0
	3
	1.5
	1.5
	1.75

	n257, n259, n260
n258, n259, n260
	0
	2
	1
	1
	1.25

	n257, n259, n261
	0
	3
	1.5
	1.5
	1.75

	n258, n259, n261
	0
	3
	1.5
	1.5
	1.75

	n259, n260, n261
	0
	2
	1
	1
	1.25

	n257, n258, n259, n260
n257, n258, n259, n261
n257, n258, n259, n260, n261
	0
	4
	2
	2
	2.25

	n257, n259, n260, n261
	0
	3
	1.5
	1.5
	1.75

	n258, n259, n260, n261
	0
	3
	1.5
	1.5
	1.75
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3	Conclusions
This contribution has analyzed how to extend the multi-band framework to include band n259 and made the following proposal:

Proposal 1:	Define the multi-band factors with band n259 according to Table 2.
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