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1	Introduction
In RAN4#82, contributions are presented with the proposal to further consider multi-band support in UE [1][2], with proposing TRP/TRS analysis framework with joint band passing rate analysis of all proposed OTA requirement [2][3]. Following issues has been identified by the group to be solved, as summarized in [4]:
	· Following critical issues have been identified for option 1 above (i.e. joint pass/fail criteria):
a) Selection of bands for initial application of methodology
b) How to add requirements for a band which does not have already requirements, when requirements have been already set for a first set of bands? 
c) How do test tolerance considerations relate to the methodology?
d) How does the methodology work in case of data already available in RAN4 (mainly region based)?



Based on the group discussion, the following WF [4] has been agreed:
	· How to consider multi-band support in UE has to be considered in finalization of E-UTRA handset TRP/TRS requirements.
· RAN4 to study at RAN4#82bis meeting which option among the ones identified in previous slide is selected for addressing the multi-band support in UE:
· Selected option shall be clearly defined in term of steps to be performed, thresholds to be used, etc.
· No open issues should remain for selected option.
· New methodologies are not precluded for addressing the multi-band support of UE.
· Selected option shall allow to exploit all data already available in RAN4. Bringing additional data is not excluded.
· Companies are encouraged to contribute on which option should be selected and on solving related open issues. Contributions from international organization (e.g. CTIA) are also welcome.



In this paper, our observations on the proposed BHH TRP/TRS framework enhancement will be presented. 

2 Procedures for Joint Pass/Fail Criteria
In RAN4#82 offline discussion, the procedures considering the joint pass/fail criteria can be summarized in high level. However, it is agreed that the detailed procedure and feasibility of the procedure should be further studied. Firstly, we would like to summarize the procedure under offline discussion in this paper. Without losing generality, we take the procedure to decide TRP requirement as the example: 


Fig. 1: high level procedure with the joint pass/fail criteria considered
Observation 1: The high level procedure with the joint pass/fail criteria considered can be summarized in Figure-1.

From the above structural procedure, the following questions should be answered, in order to make the above framework feasible: 
Question 1: How to decide the TRP/TRS initial per-band requirement (Ti) in Step-1? 
For Q1, at least three methods can be used to decide initial per-band requirement: 
Option-(a): to get Ti at X-percentile point on each band’s CDF curve (as illustrated in Figure-1); 
Option-(b): to set all Ti at certain fixed value, e.g., 11dBm for TRP; 
Option-(c): per-band preset.  
Question 2: How to decide the TRP/TRS multiband joint pass rate target (Rjoint,target) in Step-3 and Step-4? 
For Q2, Rjoint,target obviously is the most critical parameter in the joint multiband pass rate method, which should be well discussed by the group. 
Question 3: How to identify the most influential Band j in Step-5a/5b? 
For Q3, at least two methods can be used to identify the most “influential” band: 
Option-(x): loop for each band to decrease/increase Ti by a preset step ∆T, e.g., 0.5dB, and to see its impact on the resultant Rjoint , and to select the band which get the largest/smallest Rjoint. 
Option-(y): loop for each band to increase/decrease the current Ti’s corresponding point at CDF curve by ∆X percentile, e.g., 1%, find the new Ti, and to see its impact on the resultant Rjoint , and to select the band which get the largest/smallest Rjoint. 

3 Procedure Example Based on RAN4 Database
Based on the above procedure, we prepared the data analysis program to evaluate the procedure, in which the data collected in the RAN4 group has been utilized (TRPTRSdata_BHH_r4.xlsx, which is shared in OTA reflector). 
Considering different options for above-mentioned Q1 - Q3, for simplicity, we just use: 
	Q1: Option-(a), nearest to 90-percentile at per-Band CDF
Q2: Rjoint,target = 90%
Q3: Option-(x), ∆T = 0.5dBm



Based on some simple Matlab analysis codes, the output of data analysis for each round based on the above procedure is presented: 
	Initialized Requirement:
   Band-1: 11.9dBm
   Band-3: 12.1dBm
   Band-5: 9.4dBm
   Band-7: 12.7dBm
   
Round-1
per_DUT_Pass_rate = 82.4% 
    Band-1 with # of DUT: 58, per-Band Passing Rate: 89.7%
    Band-3 with # of DUT: 171, per-Band Passing Rate: 90.6%
    Band-5 with # of DUT: 116, per-Band Passing Rate: 90.5%
    Band-7 with # of DUT: 130, per-Band Passing Rate: 90.8%
Band-3 identified as most influential band
Adjusted Requirement:
    Band-1: 11.9dBm
    Band-3: 11.6dBm
    Band-5: 9.4dBm
    Band-7: 12.7dBm
   
Round-2
per_DUT_Pass_rate = 84.1% 
    Band-1 with # of DUT: 58, per-Band Passing Rate: 89.7%
    Band-3 with # of DUT: 171, per-Band Passing Rate: 94.7%
    Band-5 with # of DUT: 116, per-Band Passing Rate: 90.5%
    Band-7 with # of DUT: 130, per-Band Passing Rate: 90.8%
Band-7 identified as most influential band
Adjusted Requirement:
    Band-1: 11.9dBm
    Band-3: 11.6dBm
    Band-5: 9.4dBm
    Band-7: 12.2dBm
   
Round-3
per_DUT_Pass_rate = 85.2% 
    Band-1 with # of DUT: 58, per-Band Passing Rate: 89.7%
    Band-3 with # of DUT: 171, per-Band Passing Rate: 94.7%
    Band-5 with # of DUT: 116, per-Band Passing Rate: 90.5%
    Band-7 with # of DUT: 130, per-Band Passing Rate: 92.3%
Band-7 identified as most influential band
Adjusted Requirement:
    Band-1: 11.9dBm
    Band-3: 11.6dBm
    Band-5: 9.4dBm
    Band-7: 11.7dBm
   
Round-4
per_DUT_Pass_rate = 86.3% 
    Band-1 with # of DUT: 58, per-Band Passing Rate: 89.7%
    Band-3 with # of DUT: 171, per-Band Passing Rate: 94.7%
    Band-5 with # of DUT: 116, per-Band Passing Rate: 90.5%
    Band-7 with # of DUT: 130, per-Band Passing Rate: 96.9%
Band-5 identified as most influential band
Adjusted Requirement:
    Band-1: 11.9dBm
    Band-3: 11.6dBm
    Band-5: 8.9dBm
    Band-7: 11.7dBm
   
Round-5
per_DUT_Pass_rate = 87.9% 
    Band-1 with # of DUT: 58, per-Band Passing Rate: 89.7%
    Band-3 with # of DUT: 171, per-Band Passing Rate: 94.7%
    Band-5 with # of DUT: 116, per-Band Passing Rate: 94%
    Band-7 with # of DUT: 130, per-Band Passing Rate: 96.9%
Band-5 identified as most influential band
Adjusted Requirement:
    Band-1: 11.9dBm
    Band-3: 11.6dBm
    Band-5: 8.4dBm
    Band-7: 11.7dBm
   
Round-6
per_DUT_Pass_rate = 90.1% 
    Band-1 with # of DUT: 58, per-Band Passing Rate: 89.7%
    Band-3 with # of DUT: 171, per-Band Passing Rate: 94.7%
    Band-5 with # of DUT: 116, per-Band Passing Rate: 97.4%
    Band-7 with # of DUT: 130, per-Band Passing Rate: 96.9%
Target per_DUT_Pass_rate reached.
>>
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Based on the above output from analysis program, the band is more likely to be adjusted if it is supported by more UEs. However, it should be noted that the whole procedure to identify “most influential” band is also related to the distribution of the measurement data, which complicates the procedure. 
Observation 2: Several rounds of adjustment will be applied to reach the overall target passing rate.

4 Procedures to Decide Requirement for New Bands 
As identified in WF [4], the following question should be solved:
	(b) How to add requirements for a band which does not have already requirements, when requirements have been already set for a first set of bands? 


Based on the above procedure, to identify new requirement for a new band can have the following options:
Option-(p): set new band’s tentative requirement by following the same rule in Q1, and only adjust new band’s requirement to get the overall passing rate reached. 
Option-(q): set new band’s tentative requirement by following the same rule in Q1, and adjust all bands’ requirement to get the overall passing rate reached.
Observation 3: At least two options are identified for new band requirement, while option-(q) will adjust legacy band’s requirement and option-(p) will not. 


5 Conclusion
In this paper, we provide our views on the proposed BHH TRP/TRS framework enhancement with the joint pass/fail criteria considered. The analysis has been provided with the following observations obtained:


Fig. 1: high level procedure with the joint pass/fail criteria considered
Observation 1: The high level procedure with the joint pass/fail criteria considered can be summarized in Figure-1.
in which, the following three questions should be answered: 
Question 1: How to decide the TRP/TRS initial per-band requirement (Ti) in Step-1? 
Question 2: How to decide the TRP/TRS multiband joint pass rate target (Rjoint,target) in Step-3 and Step-4? 
Question 3: How to identify the most influential Band j in Step-5a/5b? 
Additionally, the following observations can be obtained based on experimental study and further analysis: 
Observation 2: Several rounds of adjustment will be applied to reach the overall target passing rate.
Observation 3: At least two options are identified for new band requirement, while option-(q) will adjust legacy band’s requirement and option-(p) will not. 
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Step-1: Per-Band TRP requirement is initialized: Ti dBm for Band i
(e.g., to choose value at X-percentile point)


Step-2:
Calculate/Recalculate Multi-Band Joint Pass Rate Rjoint (i.e., per-UE multi-band pass/fail --> Rjoint)


Step-5a: Identify Most Influential Band j (e.g., loop for each band, by decrease Ti by ∆T, e.g, ∆T=0.5dB, to see the impact on Rjoint)


Step-4:
Rjoint > Rjoint,Target


Step-5b: Identify Most Influential Band j (e.g., loop for each band, by increase Ti by ∆T, e.g, ∆T=0.5dB, to see the impact on Rjoint)


Step-3: Rjoint is OK or not, 
e.g., Abs(Rjoint – Rjoint,Target) > Y%



Yes


Step-7:
Per-Band TRP/TRS requirement is obtained:  Ti dBm for Band i


No


Step-6a: decrease Tj by ∆T, e.g, ∆T=0.5dB


Step-6b: increase Tj by ∆T, e.g, ∆T=0.5dB


No


Yes



oleObject2.bin
Step-1: Per-Band TRP requirement is initialized: Ti dBm for Band i
(e.g., to choose value at X-percentile point)


Step-2:
Calculate/Recalculate Multi-Band Joint Pass Rate Rjoint (i.e., per-UE multi-band pass/fail --> Rjoint)


Step-5a: Identify Most Influential Band j (e.g., loop for each band, by decrease Ti by ∆T, e.g, ∆T=0.5dB, to see the impact on Rjoint)


Step-4:
Rjoint > Rjoint,Target


Step-5b: Identify Most Influential Band j (e.g., loop for each band, by increase Ti by ∆T, e.g, ∆T=0.5dB, to see the impact on Rjoint)


Step-3: Rjoint is OK or not, 
e.g., Abs(Rjoint – Rjoint,Target) > Y%



Yes


Step-7:
Per-Band TRP/TRS requirement is obtained:  Ti dBm for Band i


No


Step-6a: decrease Tj by ∆T, e.g, ∆T=0.5dB


Step-6b: increase Tj by ∆T, e.g, ∆T=0.5dB


No


Yes
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