3GPP TSG RAN WG4 Meeting #83	R4-1704578
Hangzhou, China, 15-19 May 2017

Source:		Rohde & Schwarz
Title:	Analysis of Harmonization Results
Document for:	Discussion
Agenda Item:	7.11.3

Introduction
This contribution presents an analysis of the harmonization results [1-3] based on the harmonization project plan [4] for the updated HS1 bands [5].
The author would like to thank LG, Samsung, and Google for preparing UEs with the ATF, GTS and Keysight for the support of the test campaign as well as Bluetest and EMITE for support on the harmonization project plan. Special thanks go to CATR for volunteering their labs, personnel, and time to support this harmonization campaign. 
Bands, Devices, and Number of Devices Tested
The HS1 bands were recently updated [5] to include
· TDD: 41, 38 
· FDD Low: 5, 13 
· FDD High: 3, 7
The devices used for the harmonization campaign are listed in Table 1.
Table 1: UEs used in the harmonization campaign
[image: ]
By the time this contribution was written, RTS and RC+CE methodologies completed different total number of bands as summarized in Table 2. 
Table 2: Number of Bands Tested so far
	
	Number of Bands Tested

	Band
	RTS
	RC+CE

	FDD7
	8
	8

	FDD3
	8
	8

	FDD13
	8
	6

	FDD5
	7
	7

	TDD38
	0
	3

	TDD41
	0
	3


FDD5 testing for RS_6 should be completed shortly so that this band has been tested with 8 devices total which is the current recommended minimum number of bands to judge harmonization [4]. 

It should be noted that none of the devices failed for any methodologies due to an excess of substitutions for not reaching target TP. The Excel spreadsheet outlines how many P_Mode values had to be substituted for each methodology. 
Cost of Harmonization and Assessed MUs
In the harmonization project plan [4], an updated cost of harmonization definition was proposed that is based on the MUs for the respective methodologies, MPAC, RTS, and RC+CE being assessed by the harmonization lab. The cost of harmonization is illustrated in Figure 1.

Figure 1: Definition of the cost of harmonization utilized in the harmonization analysis
The MU for the three methodologies assessed by CATR [6-8] for their respective systems is summarized in Table 3.
Table 3: Assessed MUs at CATR (harmonization lab)
	
	MPAC
	RTS
	RC+CE

	Assessed MU, m [dB]
	1.91
	1.54
	1.85


In the harmonization project plan, it was agreed that the final target for the cost of harmonization is TBD but ≥1.5dB and ≤2dB for the full set of 30 devices. The analysis in this contribution is based on the tightest limit of 1.5dB although up to 2 dB may still be finally agreed. Based on the statistical significance for a limited set of devices for the harmonization campaign [4], it was agreed that harmonization per method is achieved if the cost of harmonization after testing 8 devices is less than or equal to 79% of the target cost of harmonization. Therefore, the target for harmonization based on testing of 8 devices is assumed to be 1.19dB. 
P_Mode Search Algorithms
During RAN4#82bis, non-linear behaviour of TP vs RS EPRE curves for some harmonization devices was pointed out [2]. Separate discussions over email were held following the meeting [9] but no clear conclusions were reached regarding the most suitable P_Mode approach, i.e., whether P_Mode should be defined as the sensitivity where TP reaches the target TP at the highest or lowest DL power. This analysis is presenting data based on the two discussed approaches: 
· “lowest”: The lowest RS EPRE at which the raw data is crossing the target TP level with a downward slope is chosen to be P_Mode
· “highest”: The highest RS EPRE at which the raw data is crossing the target TP with a downward slope is chosen to be P_Mode
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Figure 2: Definition of “highest” and “lowest” P_Mode
Another P_Mode search approach was chosen due to the differences in minimum recorded TP between the three methodologies:
· MPAC recorded TP down to 60% and 40% max theoretical TP
· RTS recorded TP down to 40% max theoretical TP
· RC+CE recorded TP down to 0% max theoretical TP
Measurement results for the RS_5 device for FDD7 are shown in Figure 3 to outline these differences for the three different methodologies. 
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(c)
Figure 3: Measurement results showing differences in minimum recorded TP: a) MPAC, b) RTS, c) RC+CE
The RTS results show that for some device rotations, non-linearities were observed after TP dropped below 60% TP. This yielded “lowest” P_Modes which MPAC was not able to pick up because the P_Mode search was stopped once the 60% TP was achieved. Therefore, the “lowest60” P_mode was introduced for this analysis given the differences in minimum recorded TP:
· “lowest60": To level the playing field, this approach only takes the data into account as if the system had stopped the “lowest” P_mode search as soon as TP reached 60%
This approach is illustrated schematically in Figure 4. 
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Figure 4: Illustration of the “lowest60” P_Mode search algorithm applied to the harmonization data. In a) no non-linearity occurs between 70% and 60% TP, while b) shows a non-linearity between 70% and 60% TP. 


Cost of Harmonization Results for “lowest60”
For the “lowest60” P_Mode, a complete set of results is presented here. The results for the other two P_Mode search algorithms can be studied using the Excel spreadsheet (by changing Cell H3 in worksheet ‘Cost of Harmonization’). 

The S_Mode results per UE, the optimized offsets (one per band; one for both 70% and 95% target TP levels), and the residual errors after applying the offset are shown in Figure 5 for each of the HS1 bands. It should be noted that the offsets for RTS were chosen to be 0 to show equivalence; the residual errors could be reduced further if non-zero offsets were applied. 
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Figure 5: Results for S_Mode between MPAC, RTS, RC+CE. Additionally, the optimized offsets for RC+CE as well the residual errors are calculated for a) FDD7, b) FDD3, c) FDD13, d) FDD5, e) TDD38, and f) TDD41. The “lowest60” P_Mode search algorithm was applied for these results. 
Together with the assessed MUs from Section 3, the cost of harmonization can be determined for the “lowest60” P_Mode search algorithm, shown in Table 4. 
Table 4: Cost of Harmonization for “lowest60” P_Mode search algorithm
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These results show that RTS harmonizes with MPAC for the four FDD bands for the reduced limit of 1.19 dB while the cost of harmonization for RC+CE exceeds the 1.5 dB maximum pass/fail limit which is for the upper limit of 30 devices in three bands (FDD7, FDD3, FDD13). 
Robustness Check 
The results for the cost of harmonization and the respective optimized offsets are summarized in Figure 6 for the three different P_Mode search algorithms applied to the available harmonization data. For RC+CE, the offsets were optimized for each P_Mode search. Again, no offsets were applied to RTS even though they could further reduce the cost of harmonization. 
[image: ]
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(b)
Figure 6: Cost of harmonization and optimized offsets (for RC+CE) for the three different P_Mode search algoritms. Offsets were recalculated for each of the three P_Mode search algorithms. a) Results shown in tabular fashion separately for each band, b) graph of the maximum cost of harmonization for all bands
The results show that for each of the chosen P_Mode search algorithm, RTS harmonizes with MPAC with a maximum cost of harmonization just above 1dB. 

Figure 7 shows the impact of cost when fixing the calculation of offsets for one of the P_Mode algorithms (“lowest”) which shows an almost insignificant increase in cost for the “highest” P_Mode algorithm for RC+CE.
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[bookmark: OLE_LINK1]Figure 7: Cost of harmonization and optimized offsets (for RC+CE) for the three different P_Mode search algoritms. Offsets were calculated once for the “lowest” P_Mode and kept for the other P_Modes. a) Results shown in tabular fashion separately for each band, b) graph of the maximum cost of harmonization for all bands
Additionally, for the “lowest60” P_Mode search algorithm the offset as a function of centre frequency of the tested channels was investigated. The results plotted in Figure 8 show that the offsets for RC+CE do not follow a linear trend which would make a determination of the optimized offsets as a function of frequency/frequency bands impossible. No justification for non-linear offsets with frequency has been proposed and selecting a best fit line would further increase the current cost of harmonzation.
[bookmark: _GoBack]
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Figure 7: Illustration of the optimized offset as a function of frequency

Conclusions 
Based on the available data, RTS shows it can harmonize with MPAC while RC+CE does not. 
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RS EPRE [dBm/15 kHz] @ 70% TP_max

Deviation from MPAC

MPAC (UMi) RC+CE (UMi) without offset [dB]
S_Mode [dBm/15kHz] TRMS TRMS [dBm/15kHz]
UE #(Band | TP Target| DUT P45 P90 L45 [dBm/15kHz] stepped& 400 SF RC+CE
Inverse Avg| Inverse Avg| Inverse Avg| Inverse Avg Inverse Avg
1 |FDD7 70% |KS_1 -96.4 -95.7 -95.9 -96.0 -96.1 -96.3 -96.1 -96.2 -100.6 0.1 4.6
2 |FDD7 70% |RS_3 -97.0 -90.1 -98.2 -96.2 -97.9 -94.4 -97.9 -97.0 -101.0 0.8 4.7
3 |FDD7 70% |RS_4 -94.5 -90.8 -94.1 -93.4 -95.2 -90.0 -94.0 -93.6 -99.8 0.1 6.4
4 |FDD7 70% |RS_5 -90.4 -86.6 -91.2 -89.8 -91.7 -87.0 -92.1 -90.8 -95.1 1.0 5.3
5 |[FDD7 70% |RS_6 -94.1 -93.5 -93.5 -93.7 -93.6 -93.0 -93.4 -93.4 -100.4 -0.3 6.7
6 |FDD7 70% |KS_2 -99.1 -95.6 -98.9 -98.1 -99.3 -94.6 -98.6 -98.0 -100.1 -0.2 2.0
7 |FDD7 70% |KS_3 -94.5 -90.6 -94.2 -93.4 -95.0 -91.0 -94.8 -93.9 -98.4 0.5 5.0
8 |FDD7 70% |PAD_2 -93.9 -89.9 -91.6 -92.1 -93.8 -89.9 -92.7 -92.4 -96.0 0.3 3.9
RS EPRE [dBm/15 kHz] @ 95% TP_max Deviation from MPAC
MPAC (UMi) RC+CE (UM:i) without offset
S_Mode [dBm/15kHz] TRMS TRMS [dBm/15kHz]
UE #|Band | TP Target| DUT P45 P90 L45 [dBm/15kHz] stepped& 400 SF RC+CE
Inverse Avg| Inverse Avg| Inverse Avg| Inverse Avg Inverse Avg

1 |FDD7 95% |KS_1 -94.2 -93.8 -93.9 -94.0 -94.2 -94.3 -94.1 -94.2 -99.2 5.2
2 |FDD7 95% |RS_3 -95.0 -87.7 -96.2 -94.2 -95.2 -92.5 -94.8 -94.3 -99.3 5.1
3 |FDD7 95% |RS_4 -92.4 -88.7 -92.2 -91.4 -93.2 -88.1 -92.1 -91.6 -98.4 7.0
4 |FDD7 95% |RS_5 -87.0 -84.0 -87.5 -86.4 -86.9 -84.5 -87.8 -86.6 -93.3 6.9
5 |FDD7 95% |[RS_6 -92.0 -91.3 -91.3 -91.6 -91.6 -90.9 -91.4 -91.3 -98.8 7.3
6 |FDD7 95% |KS_2 -96.9 -92.1 -96.4 -95.6 -96.6 -91.7 -95.9 -95.2 -97.6 2.0
7 |FDD7 95% |KS_3 -92.0 -87.1 -91.5 -90.7 -92.4 -88.0 -92.2 -91.3 -95.9 5.2
8 |FDD7 95% |PAD_2 -92.0 -87.8 -89.6 -90.1 -91.9 -87.9 -90.7 -90.5 -94.6 4.4

OPTIMIZED OFFSET [dB]

RC+CE

0.00

4.64

Deviation from MPAC

with offset
RC+CE
0.15 -0.03
0.80 0.10
0.14 1.73
1.01 0.64
-0.32 2.08
-0.16 -2.62
0.51 0.33
0.33 -0.70
Deviation from MPAC
without offset

RC+CE
0.23 0.55
0.10 0.49
0.24 2.36
0.19 2.23
-0.26 2.62
-0.38 -2.61
0.58 0.57
0.32 -0.23

Residual Error (after
applying offset)

RC+CE

1.01| 2.62










RC+CE	(UMi)

TRMS	[dBm/15kHz]

P45 P90 L45 P45 P90 L45 stepped&	400	SF

Inverse	AvgInverse	AvgInverse	Avg Inverse	Avg Inverse	AvgInverse	AvgInverse	Avg Inverse	Avg Inverse	Avg

1 FDD7 70% KS_1 -96.4 -95.7 -95.9 -96.0 -96.1 -96.3 -96.1 -96.2 -100.6 0.1 4.6 0.15 -0.03

2 FDD7 70% RS_3 -97.0 -90.1 -98.2 -96.2 -97.9 -94.4 -97.9 -97.0 -101.0 0.8 4.7 0.80 0.10

3 FDD7 70% RS_4 -94.5 -90.8 -94.1 -93.4 -95.2 -90.0 -94.0 -93.6 -99.8 0.1 6.4 0.14 1.73

4 FDD7 70% RS_5 -90.4 -86.6 -91.2 -89.8 -91.7 -87.0 -92.1 -90.8 -95.1 1.0 5.3 1.01 0.64

5 FDD7 70% RS_6 -94.1 -93.5 -93.5 -93.7 -93.6 -93.0 -93.4 -93.4 -100.4 -0.3 6.7 -0.32 2.08

6 FDD7 70% KS_2 -99.1 -95.6 -98.9 -98.1 -99.3 -94.6 -98.6 -98.0 -100.1 -0.2 2.0 -0.16 -2.62

7 FDD7 70% KS_3 -94.5 -90.6 -94.2 -93.4 -95.0 -91.0 -94.8 -93.9 -98.4 0.5 5.0 0.51 0.33

8 FDD7 70% PAD_2 -93.9 -89.9 -91.6 -92.1 -93.8 -89.9 -92.7 -92.4 -96.0 0.3 3.9 0.33 -0.70

RC+CE	(UMi)

TRMS	[dBm/15kHz]

P45 P90 L45 P45 P90 L45 stepped&	400	SF

Inverse	AvgInverse	AvgInverse	Avg Inverse	Avg Inverse	AvgInverse	AvgInverse	Avg Inverse	Avg Inverse	Avg

1 FDD7 95% KS_1 -94.2 -93.8 -93.9 -94.0 -94.2 -94.3 -94.1 -94.2 -99.2 0.2 5.2 0.23 0.55

2 FDD7 95% RS_3 -95.0 -87.7 -96.2 -94.2 -95.2 -92.5 -94.8 -94.3 -99.3 0.1 5.1 0.10 0.49

3 FDD7 95% RS_4 -92.4 -88.7 -92.2 -91.4 -93.2 -88.1 -92.1 -91.6 -98.4 0.2 7.0 0.24 2.36

4 FDD7 95% RS_5 -87.0 -84.0 -87.5 -86.4 -86.9 -84.5 -87.8 -86.6 -93.3 0.2 6.9 0.19 2.23

5 FDD7 95% RS_6 -92.0 -91.3 -91.3 -91.6 -91.6 -90.9 -91.4 -91.3 -98.8 -0.3 7.3 -0.26 2.62

6 FDD7 95% KS_2 -96.9 -92.1 -96.4 -95.6 -96.6 -91.7 -95.9 -95.2 -97.6 -0.4 2.0 -0.38 -2.61

7 FDD7 95% KS_3 -92.0 -87.1 -91.5 -90.7 -92.4 -88.0 -92.2 -91.3 -95.9 0.6 5.2 0.58 0.57

8 FDD7 95% PAD_2 -92.0 -87.8 -89.6 -90.1 -91.9 -87.9 -90.7 -90.5 -94.6 0.3 4.4 0.32 -0.23

Residual	Error	(after	

applying	offset)

RTS RC+CE

1.01 2.62 0.00 4.64

Deviation	from	MPAC

without	offset

RTS RC+CE

S_Mode	[dBm/15kHz]

OPTIMIZED	OFFSET	[dB]

Deviation	from	MPAC

with	offset

RTS RC+CE RTS RC+CE

Deviation	from	MPAC

without	offset
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RS EPRE [dBm/15 kHz] @ 70% TP_max

Deviation from MPAC

MPAC (UMi) RC+CE (UMi) without offset [dB]
S_Mode [dBm/15kHz] TRMS TRMS [dBm/15kHz]
UE #(Band | TP Target| DUT P45 P90 L45 [dBm/15kHz] stepped& 400 SF RC+CE
Inverse Avg| Inverse Avg| Inverse Avg| Inverse Avg Inverse Avg
1 |FDD3 70% |KS_1 -97.6 -93.9 -97.3 -96.6 -98.2 -93.9 -97.5 -96.9 -102.1 0.4 5.6
2 |FDD3 70% |RS_3 -95.7 -91.7 -95.2 -94.5 -95.1 -91.7 -95.8 -94.6 -98.0 0.0 3.4
3 |FDD3| 70% |RS_4 -93.8 -90.2 -94.6 -93.2 -94.8 -89.9 -95.0 -93.8 -95.2 0.6 2.0
4 |FDD3 70% |RS_5 -98.3 -93.8 -98.4 -97.3 -98.9 -93.2 -99.0 -97.7 -102.9 0.4 5.7
5 |FDD3 70% [RS_6 -98.8 -95.5 -99.2 -98.1 -98.9 -96.3 -98.7 -98.2 -103.8 0.0 5.7
6 |FDD3 70% |KS_2 -99.6 -97.1 -99.2 -98.8 -100.1 -96.3 -99.4 -98.9 -102.4 0.1 3.6
7 |FDD3 70% |KS_3 -100.6 -97.3 -99.5 -99.3 -100.4 -96.5 -99.4 -99.0 -103.7 -0.3 4.4
8 |FDD3 70% |PAD_2 -95.4 -93.1 -95.9 -95.0 -96.5 -92.8 -96.9 -95.7 -99.1 0.7 4.1
RS EPRE [dBm/15 kHz] @ 95% TP_max Deviation from MPAC
MPAC (UMi) RC+CE (UM:i) without offset
S_Mode [dBm/15kHz] TRMS TRMS [dBm/15kHz]
UE #|Band | TP Target| DUT P45 P90 L45 [dBm/15kHz] stepped& 400 SF RC+CE
Inverse Avg| Inverse Avg| Inverse Avg| Inverse Avg Inverse Avg

1 |FDD3 95% |KS_1 -95.8 -91.9 -95.5 -94.7 -96.2 -91.9 -95.5 -94.9 -100.6 5.9
2 |FDD3 95% |RS_3 -93.9 -89.7 -93.4 -92.7 -92.9 -89.7 -93.9 -92.5 -96.5 3.8
3 |FDD3 95% |RS_4 -91.9 -88.2 -92.8 -91.4 -92.8 -88.0 -92.9 -91.7 -93.8 2.4
4 |FDD3 95% |RS_5 -95.8 -91.8 -95.9 -94.9 -96.4 -91.3 -96.6 -95.3 -101.4 6.5
5 |FDD3 95% |[RS_6 -96.9 -93.7 -97.5 -96.3 -96.9 -94.5 -96.8 -96.2 -102.3 6.0
6 |[FDD3| 95% |KS_2 -96.8 -94.2 -96.0 -95.8 -97.1 -93.3 -95.7 -95.6 -100.5 4.6
7 |FDD3 95% |KS_3 -98.0 -94.2 -97.3 -96.8 -96.9 -93.6 -96.3 -95.8 -101.4 4.6
8 |FDD3 95% |PAD_2 -92.9 -90.6 -93.5 -92.5 -93.3 -90.0 -94.0 -92.7 -96.9 4.4

OPTIMIZED OFFSET [dB]

RC+CE

0.00

4.27

Deviation from MPAC

with offset
RC+CE
0.37 1.29
0.00 -0.85
0.58 -2.25
0.43 1.39
0.04 141
0.07 -0.65
-0.28 0.12
0.75 -0.17
Deviation from MPAC
without offset

RC+CE
0.19 1.64
-0.19 -0.42
0.39 -1.85
0.47 2.24
-0.10 1.76
-0.19 0.37
-0.96 0.33
0.23 0.09

Residual Error (after
applying offset)

RC+CE

0.96| 2.25










RC+CE	(UMi)

TRMS	[dBm/15kHz]

P45 P90 L45 P45 P90 L45 stepped&	400	SF

Inverse	AvgInverse	AvgInverse	Avg Inverse	Avg Inverse	AvgInverse	AvgInverse	Avg Inverse	Avg Inverse	Avg

1 FDD3 70% KS_1 -97.6 -93.9 -97.3 -96.6 -98.2 -93.9 -97.5 -96.9 -102.1 0.4 5.6 0.37 1.29

2 FDD3 70% RS_3 -95.7 -91.7 -95.2 -94.5 -95.1 -91.7 -95.8 -94.6 -98.0 0.0 3.4 0.00 -0.85

3 FDD3 70% RS_4 -93.8 -90.2 -94.6 -93.2 -94.8 -89.9 -95.0 -93.8 -95.2 0.6 2.0 0.58 -2.25

4 FDD3 70% RS_5 -98.3 -93.8 -98.4 -97.3 -98.9 -93.2 -99.0 -97.7 -102.9 0.4 5.7 0.43 1.39

5 FDD3 70% RS_6 -98.8 -95.5 -99.2 -98.1 -98.9 -96.3 -98.7 -98.2 -103.8 0.0 5.7 0.04 1.41

6 FDD3 70% KS_2 -99.6 -97.1 -99.2 -98.8 -100.1 -96.3 -99.4 -98.9 -102.4 0.1 3.6 0.07 -0.65

7 FDD3 70% KS_3 -100.6 -97.3 -99.5 -99.3 -100.4 -96.5 -99.4 -99.0 -103.7 -0.3 4.4 -0.28 0.12

8 FDD3 70% PAD_2 -95.4 -93.1 -95.9 -95.0 -96.5 -92.8 -96.9 -95.7 -99.1 0.7 4.1 0.75 -0.17

RC+CE	(UMi)

TRMS	[dBm/15kHz]

P45 P90 L45 P45 P90 L45 stepped&	400	SF

Inverse	AvgInverse	AvgInverse	Avg Inverse	Avg Inverse	AvgInverse	AvgInverse	Avg Inverse	Avg Inverse	Avg

1 FDD3 95% KS_1 -95.8 -91.9 -95.5 -94.7 -96.2 -91.9 -95.5 -94.9 -100.6 0.2 5.9 0.19 1.64

2 FDD3 95% RS_3 -93.9 -89.7 -93.4 -92.7 -92.9 -89.7 -93.9 -92.5 -96.5 -0.2 3.8 -0.19 -0.42

3 FDD3 95% RS_4 -91.9 -88.2 -92.8 -91.4 -92.8 -88.0 -92.9 -91.7 -93.8 0.4 2.4 0.39 -1.85

4 FDD3 95% RS_5 -95.8 -91.8 -95.9 -94.9 -96.4 -91.3 -96.6 -95.3 -101.4 0.5 6.5 0.47 2.24

5 FDD3 95% RS_6 -96.9 -93.7 -97.5 -96.3 -96.9 -94.5 -96.8 -96.2 -102.3 -0.1 6.0 -0.10 1.76

6 FDD3 95% KS_2 -96.8 -94.2 -96.0 -95.8 -97.1 -93.3 -95.7 -95.6 -100.5 -0.2 4.6 -0.19 0.37

7 FDD3 95% KS_3 -98.0 -94.2 -97.3 -96.8 -96.9 -93.6 -96.3 -95.8 -101.4 -1.0 4.6 -0.96 0.33

8 FDD3 95% PAD_2 -92.9 -90.6 -93.5 -92.5 -93.3 -90.0 -94.0 -92.7 -96.9 0.2 4.4 0.23 0.09

Residual	Error	(after	

applying	offset)

RTS RC+CE

OPTIMIZED	OFFSET	[dB]

Deviation	from	MPAC

with	offset

RTS RC+CE RTS RC+CE

70%

RS	EPRE	[dBm/15	kHz]	@	70%	TP_max

MPAC	(UMi) RTS	(UMi)

UE	#

0.96 2.25 0.00 4.27

Deviation	from	MPAC

without	offset

RTS RC+CE

Band DUT

TRMS	

[dBm/15kHz]

TRMS	

[dBm/15kHz]

TP	Target

S_Mode	[dBm/15kHz]

S_Mode	[dBm/15kHz]

95%

RS	EPRE	[dBm/15	kHz]	@	95%	TP_max

MPAC	(UMi) RTS	(UMi)

UE	#Band DUT

TRMS	

[dBm/15kHz]

TRMS	

[dBm/15kHz]

TP	Target

S_Mode	[dBm/15kHz] S_Mode	[dBm/15kHz]

Deviation	from	MPAC

without	offset	[dB]

RTS RC+CE

Deviation	from	MPAC

without	offset

RTS RC+CE
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RS EPRE [dBm/15 kHz] @ 70% TP_max Deviation from MPAC Deviation from MPAC Residual Error (after
MPAC (UMi) RC+CE (UMi) without offset [dB] OPTIMIZED OFFSET [dB] with offset applying offset)
S_Mode [dBm/15kHz] TRMS TRMS [dBm/15kHz]
UE #| Band |TP Target| DUT P45 P90 L45 [dBm/15kHz] stepped& 400 SF RC+CE RC+CE RC+CE RC+CE
Inverse Avg| Inverse Avg| Inverse Avg| Inverse Avg Inverse Avg
1 |FDD13| 70% ([KS_1 -98.7 -96.1 -98.9 -98.0 -98.6 -95.9 -98.2 -97.7 -101.0 -0.3 3.0 -0.31 1.05
2 |FDD13| 70% |RS_3 -97.9 -94.1 -96.2 -96.3 -98.6 -94.4 -96.0 -96.7 -99.9 0.4 3.5 0.37 1.65
3 |FDD13 70% |RS_4 -97.7 -94.3 -94.9 -95.9 -96.9 -94.2 -95.0 -95.5 -99.5 -04 3.6 -0.38 1.73
4 |(FDD13| 70% |RS_5 -94.0 -91.4 -92.5 -92.8 -93.8 -92.0 -93.3 -93.1 -92.5 0.3 -0.3 0.31 -2.20
5 |[FDD13| 70% |RS_6 -96.0 -93.4 -96.2 -95.3 -95.2 -93.2 -96.3 -95.1 -98.8 -0.2 3.5 -0.24 1.56
6 |FDD13 70% |KS_2 -90.4 -87.5 -88.7 -89.0 -90.2 -87.6 -88.5 -88.9 0.0 -0.1 -0.12
7 |FDD13| 70% |KS_3 -92.7 -89.6 -90.7 -91.2 -92.4 -89.5 -91.1 -91.2 0.0 0.0 -0.05
8 |FDD13| 70% |PAD_2 -95.0 -92.8 -93.7 -93.9 -95.0 -93.0 -93.6 -93.9 -96.4 0.0 2.4 0.01 0.53
RS EPRE [dBm/15 kHz] @ 95% TP_max Deviation from MPAC Deviation from MPAC
MPAC (UMi) RC+CE (UM:i) without offset without offset
S_Mode [dBm/15kHz] TRMS TRMS [dBm/15kHz] O OO 1 ’ 90 O 77 2 ’ 20
UE #| Band | TP Target| DUT P45 P90 L45 [dBm/15kHz] stepped& 400 SF RC+CE RC+CE
Inverse Avg| Inverse Avg| Inverse Avg| Inverse Avg Inverse Avg
1 [FDD13| 95% [KS_1 -96.8 -94.6 -97.2 -96.4 -96.6 -94.1 -96.1 -95.7 -99.6 3.2 -0.64 1.32
957 2 |FDD13 95% |RS_3 -95.8 -92.7 -94.2 -94.4 -96.5 -92.4 -94.0 -94.6 -98.5 4.1 0.18 2.19
3 |FDD13| 95% |RS_4 -95.8 -92.9 -93.1 -94.2 -94.8 -91.9 -93.1 -93.4 -98.0 3.9 -0.72 1.97
4 |FDD13| 95% |RS_5 -92.0 -89.8 -90.7 -90.9 -91.6 -89.9 -91.4 -91.0 -90.9 0.0 0.09 -1.92
5 |FDD13 95% |RS_6 -94.0 -91.9 -94.4 -93.6 -93.2 -91.3 -94.3 -93.1 -97.3 3.7 -0.47 1.84
6 |FDD13| 95% |[KS_2 -88.6 -85.9 -87.0 -87.3 -88.1 -85.3 -86.5 -86.8 0.0 -0.45
7 |FDD13| 95% |KS_3 -90.9 -88.1 -89.1 -89.5 -90.4 -87.6 -89.1 -89.2 0.0 -0.31
8 |FDD13 95% |PAD_2 -93.2 -91.6 -91.7 -92.2 -92.6 -90.2 -91.2 -91.4 -94.9 2.7 -0.77 0.78










RC+CE	(UMi)

TRMS	[dBm/15kHz]

P45 P90 L45 P45 P90 L45 stepped&	400	SF

Inverse	AvgInverse	AvgInverse	Avg Inverse	Avg Inverse	AvgInverse	AvgInverse	Avg Inverse	Avg Inverse	Avg

1 FDD13 70% KS_1 -98.7 -96.1 -98.9 -98.0 -98.6 -95.9 -98.2 -97.7 -101.0 -0.3 3.0 -0.31 1.05

2 FDD13 70% RS_3 -97.9 -94.1 -96.2 -96.3 -98.6 -94.4 -96.0 -96.7 -99.9 0.4 3.5 0.37 1.65

3 FDD13 70% RS_4 -97.7 -94.3 -94.9 -95.9 -96.9 -94.2 -95.0 -95.5 -99.5 -0.4 3.6 -0.38 1.73

4 FDD13 70% RS_5 -94.0 -91.4 -92.5 -92.8 -93.8 -92.0 -93.3 -93.1 -92.5 0.3 -0.3 0.31 -2.20

5 FDD13 70% RS_6 -96.0 -93.4 -96.2 -95.3 -95.2 -93.2 -96.3 -95.1 -98.8 -0.2 3.5 -0.24 1.56

6 FDD13 70% KS_2 -90.4 -87.5 -88.7 -89.0 -90.2 -87.6 -88.5 -88.9 0.0 -0.1 -0.12

7 FDD13 70% KS_3 -92.7 -89.6 -90.7 -91.2 -92.4 -89.5 -91.1 -91.2 0.0 0.0 -0.05

8 FDD13 70% PAD_2 -95.0 -92.8 -93.7 -93.9 -95.0 -93.0 -93.6 -93.9 -96.4 0.0 2.4 0.01 0.53

RC+CE	(UMi)

TRMS	[dBm/15kHz]

P45 P90 L45 P45 P90 L45 stepped&	400	SF

Inverse	AvgInverse	AvgInverse	Avg Inverse	Avg Inverse	AvgInverse	AvgInverse	Avg Inverse	Avg Inverse	Avg

1 FDD13 95% KS_1 -96.8 -94.6 -97.2 -96.4 -96.6 -94.1 -96.1 -95.7 -99.6 -0.6 3.2 -0.64 1.32

2 FDD13 95% RS_3 -95.8 -92.7 -94.2 -94.4 -96.5 -92.4 -94.0 -94.6 -98.5 0.2 4.1 0.18 2.19

3 FDD13 95% RS_4 -95.8 -92.9 -93.1 -94.2 -94.8 -91.9 -93.1 -93.4 -98.0 -0.7 3.9 -0.72 1.97

4 FDD13 95% RS_5 -92.0 -89.8 -90.7 -90.9 -91.6 -89.9 -91.4 -91.0 -90.9 0.1 0.0 0.09 -1.92

5 FDD13 95% RS_6 -94.0 -91.9 -94.4 -93.6 -93.2 -91.3 -94.3 -93.1 -97.3 -0.5 3.7 -0.47 1.84

6 FDD13 95% KS_2 -88.6 -85.9 -87.0 -87.3 -88.1 -85.3 -86.5 -86.8 0.0 -0.5 -0.45

7 FDD13 95% KS_3 -90.9 -88.1 -89.1 -89.5 -90.4 -87.6 -89.1 -89.2 0.0 -0.3 -0.31

8 FDD13 95% PAD_2 -93.2 -91.6 -91.7 -92.2 -92.6 -90.2 -91.2 -91.4 -94.9 -0.8 2.7 -0.77 0.78

Residual	Error	(after	

applying	offset)

RTS RC+CE

OPTIMIZED	OFFSET	[dB]

Deviation	from	MPAC

with	offset

RTS RC+CE RTS RC+CE UE	#

70%

RTS	(UMi)

TRMS	

[dBm/15kHz]

Band

0.77 2.20 0.00 1.90

Deviation	from	MPAC

without	offset

RTS RC+CE

95%

RS	EPRE	[dBm/15	kHz]	@	95%	TP_max

MPAC	(UMi) RTS	(UMi)

UE	# Band TP	Target

S_Mode	[dBm/15kHz]

DUT

TRMS	

[dBm/15kHz]

DUT TP	Target

S_Mode	[dBm/15kHz]

MPAC	(UMi)

TRMS	

[dBm/15kHz]

S_Mode	[dBm/15kHz]

S_Mode	[dBm/15kHz]

Deviation	from	MPAC

without	offset	[dB]

RTS RC+CE

Deviation	from	MPAC

without	offset

RTS RC+CE

TRMS	

[dBm/15kHz]

RS	EPRE	[dBm/15	kHz]	@	70%	TP_max
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RS EPRE [dBm/15 kHz] @ 70% TP_max from MPAC
MPAC (UM:i) RC+CE (UMi) without
S_Mode TRMS S [dBm/15kHz]
E# Band [farget DUT P45 P90 L45 [dBm/ stepped& 400 RC+CE
brse Avg brse Avg brse Avg erse Avg Inverse Avg
1 |DD5 70% KS_1 -98.9 -96.1 -98.3 -97.9 -98.2 -96.4 -97.3 -97.3 -103.0 -0.6 5.1
2 |DD5 70% RS_3 -97.1 -94.5 -95.2 -95.7 -96.2 -94.1 -95.1 -95.2 -101.0 -0.5 5.3
3 |DD5 70% RS_4 -96.8 -93.7 -94.6 -95.2 -97.6 -94.8 -95.4 -96.1 -100.6 0.9 5.3
4 |DD5 70% RS_5 -95.1 -90.9 -96.6 -94.8 -96.2 -91.6 -95.9 -95.0 -98.2 0.2 3.4
5 |DD5 70% RS_6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 |DD5 70% KS_2 -95.1 -94.7 -94.4 -94.7 -96.0 -93.5 -95.2 -95.1 -98.8 0.3 4.0
7 |DD5 70% KS_3 -94.0 -90.6 -91.6 -92.3 -93.6 -90.1 -91.9 -92.1 -97.8 -0.2 5.5
8 |DD5 70% PAD_2| -94.9 -91.8 -94.8 -94.0 -96.0 -91.8 -94.5 -94.4 -98.5 0.4 4.5
RS EPRE [dBm/15 kHz] @ 95% TP_max from MPAC
MPAC (UMi) RC+CE (UM:i) without
S_Mode TRMS S [dBm/15kHz]
E# Band [farget DUT P45 P90 L45 [dBm/ stepped& 400 RC+CE
brse Avg brse Avg brse Avg erse Avg Inverse Avg
1 |DD5 95% KS_1 -96.8 -94.4 -96.4 -96.0 -96.2 -94.4 -95.3 -95.3 -101.6 5.6
2 |DD5 95% RS_3 -95.1 -92.9 -93.3 -93.9 -94.1 -92.1 -93.0 -93.1 -99.5 5.6
3 |DD5 95% RS_4 -94.9 -92.1 -92.4 -93.3 -95.6 -92.8 -93.4 -94.1 -99.0 5.7
4 [DD5 95% RS_5 -93.1 -89.0 -94.8 -92.9 -94.1 -89.5 -94.0 -93.0 -96.7 3.8
5 |DD5 95% RS_6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 |DD5 95% KS_2 -93.1 -92.8 -92.1 -92.7 -93.5 -91.3 -92.8 -92.6 -97.3 0.0 4.6
7 |DD5 95% KS_3 -91.9 -88.9 -89.8 -90.4 -91.2 -88.0 -89.8 -89.9 -96.2 -0.5 5.8
8 |DD5 95% PAD_2| -93.2 -90.4 -93.2 -92.4 -94.0 -89.8 -92.6 -92.5 -97.1 0.0 4.6

OPTIMIZED

OFFSET [dB]

0.00

RC+CE

4.63

from MPAC
with offset
RC+CE
-0.59 0.44
-0.51 0.66
0.85 0.70
0.24 -1.19
0.30 -0.63
-0.21 0.85
0.37 -0.14
from MPAC
without
RC+CE
-0.64 0.95
-0.77 0.98
0.78 1.09
0.12 -0.83
-0.04 -0.01
-0.52 1.19
0.03 -0.02

(after
applying

0.85

RC+CE

1.19










RC+CE	(UMi)

T R

M

S	[dBm/15kHz]

P45 P90 L45 P45 P90 L45 stepped&	400	

I n verse	Avg I n verse	Avg I n verse	Avg I n

v

erse	Avg I n verse	Avg I n verse	Avg I n verse	Avg I nverse	Avg Inverse	Avg

1 FDD5 70% KS_1 -98.9 -96.1 -98.3 -97.9 -98.2 -96.4 -97.3 -97.3 -103.0 -0.6 5.1 -0.59 0.44

2 FDD5 70% RS_3 -97.1 -94.5 -95.2 -95.7 -96.2 -94.1 -95.1 -95.2 -101.0 -0.5 5.3 -0.51 0.66

3 FDD5 70% RS_4 -96.8 -93.7 -94.6 -95.2 -97.6 -94.8 -95.4 -96.1 -100.6 0.9 5.3 0.85 0.70

4 FDD5 70% RS_5 -95.1 -90.9 -96.6 -94.8 -96.2 -91.6 -95.9 -95.0 -98.2 0.2 3.4 0.24 -1.19

5 FDD5 70% RS_6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

6 FDD5 70% KS_2 -95.1 -94.7 -94.4 -94.7 -96.0 -93.5 -95.2 -95.1 -98.8 0.3 4.0 0.30 -0.63

7 FDD5 70% KS_3 -94.0 -90.6 -91.6 -92.3 -93.6 -90.1 -91.9 -92.1 -97.8 -0.2 5.5 -0.21 0.85

8 FDD5 70% PAD_2 -94.9 -91.8 -94.8 -94.0 -96.0 -91.8 -94.5 -94.4 -98.5 0.4 4.5 0.37 -0.14

RC+CE	(UMi)

T R

M

S	[dBm/15kHz]

P45 P90 L45 P45 P90 L45 stepped&	400	

I n verse	Avg I n verse	Avg I n verse	Avg I n

v

erse	Avg I n verse	Avg I n verse	Avg I n verse	Avg I nverse	Avg Inverse	Avg

1 FDD5 95% KS_1 -96.8 -94.4 -96.4 -96.0 -96.2 -94.4 -95.3 -95.3 -101.6 -0.6 5.6 -0.64 0.95

2 FDD5 95% RS_3 -95.1 -92.9 -93.3 -93.9 -94.1 -92.1 -93.0 -93.1 -99.5 -0.8 5.6 -0.77 0.98

3 FDD5 95% RS_4 -94.9 -92.1 -92.4 -93.3 -95.6 -92.8 -93.4 -94.1 -99.0 0.8 5.7 0.78 1.09

4 FDD5 95% RS_5 -93.1 -89.0 -94.8 -92.9 -94.1 -89.5 -94.0 -93.0 -96.7 0.1 3.8 0.12 -0.83

5 FDD5 95% RS_6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

6 FDD5 95% KS_2 -93.1 -92.8 -92.1 -92.7 -93.5 -91.3 -92.8 -92.6 -97.3 0.0 4.6 -0.04 -0.01

7 FDD5 95% KS_3 -91.9 -88.9 -89.8 -90.4 -91.2 -88.0 -89.8 -89.9 -96.2 -0.5 5.8 -0.52 1.19

8 FDD5 95% PAD_2 -93.2 -90.4 -93.2 -92.4 -94.0 -89.8 -92.6 -92.5 -97.1 0.0 4.6 0.03 -0.02

0.00 4.63

Deviation	

from	MPAC

without	

RTS RC+CE

Deviation	

from	MPAC

with	offset

RTS RC+CE RTS RC+CE

OPTIMIZED	

OFFSET	[dB]

Residual	Error	

(after	

applying	

RTS RC+CE

0.85 1.19

###

RS	EPRE	[dBm/15	kHz]	@	95%	TP_max

Deviation	

from	MPAC

without	 MPAC	(UMi) RTS	(UMi)

TRMS	

[dBm/

UE	# Band T P	Target DUT

S_Mode	 S_Mode	[dBm/15kHz] TRMS	

[dBm/

RTS RC+CE

###

RS	EPRE	[dBm/15	kHz]	@	70%	TP_max

Deviation	

from	MPAC

without	

MPAC	(UMi) RTS	(UMi)

UE	# Band T P	Target DUT

S_Mode	 TRMS	

[dBm/

S_Mode	[dBm/15kHz]

TRMS	

[dBm/

RTS RC+CE
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RS EPRE [dBm/15 kHz] @ 70% TP_max

Deviation from MPAC

MPAC (UMi) RC+CE (UMi) without offset [dB]
S_Mode [dBm/15kHz] TRMS TRMS [dBm/15kHz]
UE #( Band |TP Target| DUT P45 P90 L45 [dBm/15kHz] stepped& 400 SF RC+CE
Inverse Avg| Inverse Avg| Inverse Avg| Inverse Avg Inverse Avg
1 |TDD38| 70% |[CTTC_1 -100.5 -97.6 -100.5 -99.7 0.0 0.0 0.0 0.0 -105.5 5.8
2 |TDD38| 70% |CTTC_2 -99.5 -96.0 -99.6 -98.7 0.0 0.0 0.0 0.0 -103.7 5.1
3 |TDD38| 70% ([BT_1 -101.1 -99.0 -101.4 -100.6 0.0 0.0 0.0 0.0 -106.1 5.5
4 |TDD38| 70% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5 |TDD38| 70% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 |TDD38| 70% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
7 |TDD38| 70% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
8 |TDD38| 70% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
RS EPRE [dBm/15 kHz] @ 95% TP_max Deviation from MPAC
MPAC (UMi) RC+CE (UM:i) without offset
S_Mode [dBm/15kHz] TRMS TRMS [dBm/15kHz]
UE #| Band |TP Target| DUT P45 P90 L45 [dBm/15kHz] stepped& 400 SF RC+CE
Inverse Avg| Inverse Avg| Inverse Avg| Inverse Avg Inverse Avg
1 |TDD38| 95% |CTTC_1 -98.1 -95.3 -98.3 -97.4 -103.7 6.3
2 |TDD38| 95% |CTTC_2 -97.4 -93.9 -97.5 -96.6 -102.2 5.7
3 |TDD38| 95% ([BT_1 -99.0 -96.7 -99.3 -98.5 -104.6 6.1
4 |TDD38| 95% 0.0 0.0 0.0 0.0 0.0
5 |TDD38| 95% 0.0 0.0 0.0 0.0 0.0
6 |TDD38| 95% 0.0 0.0 0.0 0.0 0.0
7 |TDD38| 95% 0.0 0.0 0.0 0.0 0.0
8 |TDD38| 95% 0.0 0.0 0.0 0.0 0.0

OPTIMIZED OFFSET [dB]

RC+CE

0.00

5.65

Deviation from MPAC
with offset

RC+CE

0.14

-0.60

-0.19

Deviation from MPAC
without offset

RC+CE

0.60

0.03

0.46

Residual Error (after
applying offset)

RC+CE

0.60










RC+CE	(UMi)

TRMS	[dBm/15kHz]

P45 P90 L45 P45 P90 L45 stepped&	400	SF

Inverse	AvgInverse	AvgInverse	Avg Inverse	Avg Inverse	AvgInverse	AvgInverse	Avg Inverse	Avg Inverse	Avg

1 TDD38 70% CTTC_1 -100.5 -97.6 -100.5 -99.7 0.0 0.0 0.0 0.0 -105.5 5.8 0.14

2 TDD38 70% CTTC_2 -99.5 -96.0 -99.6 -98.7 0.0 0.0 0.0 0.0 -103.7 5.1 -0.60

3 TDD38 70% BT_1 -101.1 -99.0 -101.4 -100.6 0.0 0.0 0.0 0.0 -106.1 5.5 -0.19

4 TDD38 70% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

5 TDD38 70% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

6 TDD38 70% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

7 TDD38 70% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

8 TDD38 70% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

RC+CE	(UMi)

TRMS	[dBm/15kHz]

P45 P90 L45 P45 P90 L45 stepped&	400	SF

Inverse	AvgInverse	AvgInverse	Avg Inverse	Avg Inverse	AvgInverse	AvgInverse	Avg Inverse	Avg Inverse	Avg

1 TDD38 95% CTTC_1 -98.1 -95.3 -98.3 -97.4 0.0 0.0 0.0 0.0 -103.7 6.3 0.60

2 TDD38 95% CTTC_2 -97.4 -93.9 -97.5 -96.6 0.0 0.0 0.0 0.0 -102.2 5.7 0.03

3 TDD38 95% BT_1 -99.0 -96.7 -99.3 -98.5 0.0 0.0 0.0 0.0 -104.6 6.1 0.46

4 TDD38 95% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

5 TDD38 95% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

6 TDD38 95% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

7 TDD38 95% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

8 TDD38 95% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Residual	Error	(after	

applying	offset)

RTS RC+CE

OPTIMIZED	OFFSET	[dB]

Deviation	from	MPAC

with	offset

RTS RC+CE RTS RC+CE

70%

RS	EPRE	[dBm/15	kHz]	@	70%	TP_max

MPAC	(UMi) RTS	(UMi)

UE	#

0.60 0.00 5.65

Deviation	from	MPAC

without	offset

RTS RC+CE

Band DUT

TRMS	

[dBm/15kHz]

TRMS	

[dBm/15kHz]

TP	Target

S_Mode	[dBm/15kHz]

S_Mode	[dBm/15kHz]

95%

RS	EPRE	[dBm/15	kHz]	@	95%	TP_max

MPAC	(UMi) RTS	(UMi)

UE	# Band DUT

TRMS	

[dBm/15kHz]

TRMS	

[dBm/15kHz]

TP	Target

S_Mode	[dBm/15kHz] S_Mode	[dBm/15kHz]

Deviation	from	MPAC

without	offset	[dB]

RTS RC+CE

Deviation	from	MPAC
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RS EPRE [dBm/15 kHz] @ 70% TP_max from MPAC OPTIMIZED from MPAC (after
MPAC (UMi) C+CE (UMi) without OFFSET [dB] with offset applying
TP S_Mode TRMS Bm/15kHz]
E# |[Band Tar DUT P45 P90 L45 [dBm/1 stepped& | RC+CE RC+CE RC+CE RC+CE
get brse Avg brse Avg brse Avg verse Avg Inverse Avg
1 [DD41 Hit CTTC_1 [-100.4 -97.6 -100.4 -99.7 0.0 0.0 0.0 0.0 -104.9 5.3 -0.36
2 [DD41 Hit CTTC_2 | -99.4 -95.8 -99.5 -98.6 0.0 0.0 0.0 0.0 -103.8 5.2 -0.40
3 [DD41 Hit BT_1 -101.0 -98.8 -101.3 -100.5 0.0 0.0 0.0 0.0 -105.9 5.3 -0.28
4 [DD41 Hit 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5 [DD41 Hi# 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 [DD41 Hit 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
7 [DD41 Hit 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
8 [DD41 HiH# 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
RS EPRE [dBm/15 kHz] @ 95% TP_max from MPAC from MPAC
MPAC (UMi) C+CE (UMi) without without
TP S_Mode TRMS Bm/15kHz] O ) OO 5 ) 63 O 40
E# |Band Tar | DUT P45 P90 L45 [dBm/1 stepped& | RC+CE RC+CE
get brse Avg brse Avg brse Avg verse Avg Inverse Avg
1 [DD41 HiH CTTC_1 | -98.1 -95.4 -98.1 -97.4 0.0 0.0 0.0 0.0 -103.1 5.7 0.09
95% 2 [DD41 Hit CTTC_2 | -97.3 -93.8 -97.4 -96.5 0.0 0.0 0.0 0.0 -102.3 5.8 0.20
3 [DD41 Hit BT_1 -99.0 -96.5 -99.2 -98.4 0.0 0.0 0.0 0.0 -104.4 6.0 0.40
4 [DD41 HiH 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5 [DD41 Hit 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 [DD41 Hit 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
7 [DD41 HiH 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
8 [DD41 Hit 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0










RC+CE	(UMi)

T R M S	[dBm/15kHz]

P45 P90 L45 P45 P90 L45 stepped&	

I n verse	Avg I n verse	Avg I n verse	Avg I nverse	Avg I n verse	Avg I n verse	Avg I n verse	Avg I nverse	Avg Inverse	Avg

1 TDD41 ### CTTC_1 -100.4 -97.6 -100.4 -99.7 0.0 0.0 0.0 0.0 -104.9 5.3 -0.36

2 TDD41 ### CTTC_2 -99.4 -95.8 -99.5 -98.6 0.0 0.0 0.0 0.0 -103.8 5.2 -0.40

3 TDD41 ### BT_1 -101.0 -98.8 -101.3 -100.5 0.0 0.0 0.0 0.0 -105.9 5.3 -0.28

4 TDD41 ### 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

5 TDD41 ### 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

6 TDD41 ### 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

7 TDD41 ### 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

8 TDD41 ### 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

RC+CE	(UMi)

T R M S	[dBm/15kHz]

P45 P90 L45 P45 P90 L45 stepped&	

I n verse	Avg I n verse	Avg I n verse	Avg I nverse	Avg I n verse	Avg I n verse	Avg I n verse	Avg I nverse	Avg Inverse	Avg

1 TDD41 ### CTTC_1 -98.1 -95.4 -98.1 -97.4 0.0 0.0 0.0 0.0 -103.1 5.7 0.09

2 TDD41 ### CTTC_2 -97.3 -93.8 -97.4 -96.5 0.0 0.0 0.0 0.0 -102.3 5.8 0.20

3 TDD41 ### BT_1 -99.0 -96.5 -99.2 -98.4 0.0 0.0 0.0 0.0 -104.4 6.0 0.40

4 TDD41 ### 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

5 TDD41 ### 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

6 TDD41 ### 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

7 TDD41 ### 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

8 TDD41 ### 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Residual	Error	

(after	

applying	

RTS RC+CE

OPTIMIZED	

OFFSET	[dB]

RTS RC+CE

Deviation	

from	MPAC

without	

RTS RC+CE

0.40

Deviation	

from	MPAC

with	offset

RTS RC+CE

Deviation	

from	MPAC

without	

RTS RC+CE

0.00 5.63

70%
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TRMS	

[dBm/1
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Tar

get

S_Mode	

S_Mode	[dBm/15kHz]

95%

RS	EPRE	[dBm/15	kHz]	@	95%	TP_max

UE	# Band DUT

TRMS	
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TRMS	
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TP	

Tar

get

S_Mode	 S_Mode	[dBm/15kHz]

Deviation	

from	MPAC

without	

RTS RC+CE

MPAC	(UMi) RTS	(UMi)
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Cost of

Band RC+CE
Band 7 0.64 2.56
Band 3 0.59 2.19
Band 13 0.40 2.14
Band 5 0.48 1.13
Band 38 0.54
Band 41 0.34










Band RTS RC+CE

Band	7 0.64 2.56

Band	3 0.59 2.19

Band	13 0.40 2.14

Band	5 0.48 1.13

Band	38 0.54

Band	41 0.34

Cost	of	
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P_Mode search

"lowest" | | "lowest60" | | "highest"
Cost of Offset Cost of Offset Cost of Offset
harmonization harmonization harmonization
Optimized
Offsets for Band RC+CE RC+CE Band RC+CE RC+CE Band RC+CE RC+CE
each
Band 7 0.87 2.56 0.00 4.65 Band 7 0.64 2.56 0.00 4.64 Band 7 0.58 2.94 0.00 4.47
P—MOde Band 3 0.59 2.24 0.00 4.21 Band 3 0.59 2.19 0.00 4.27 Band 3 1.02 2.08 0.00 4.28
Search Band 13 [ 0.40 2.12 0.00 1.91 Band 13 [ 0.40 2.14 0.00 1.90 Band 13 [ 0.40 2.14 0.00 1.83
algorithm Band 5 0.48 1.13 0.00 4.63 Band 5 0.48 1.13 0.00 4.63 Band 5 0.48 1.12 0.00 4.55
Band 38 0.54 0.00 5.65 Band 38 0.54 0.00 5.65 Band 38 0.47 0.00 5.57
Band 41 0.34 0.00 5.63 Band 41 0.34 0.00 5.63 Band 41 0.56 0.00 5.40










Band	7 0.87 2.56 0.00 4.65 Band	7 0.64 2.56 0.00 4.64 Band	7 0.58 2.94 0.00 4.47

Band	3 0.59 2.24 0.00 4.21 Band	3 0.59 2.19 0.00 4.27 Band	3 1.02 2.08 0.00 4.28

Band	13 0.40 2.12 0.00 1.91 Band	13 0.40 2.14 0.00 1.90 Band	13 0.40 2.14 0.00 1.83

Band	5 0.48 1.13 0.00 4.63 Band	5 0.48 1.13 0.00 4.63 Band	5 0.48 1.12 0.00 4.55

Band	38 0.54 0.00 5.65 Band	38 0.54 0.00 5.65 Band	38 0.47 0.00 5.57

Band	41 0.34 0.00 5.63 Band	41 0.34 0.00 5.63 Band	41 0.56 0.00 5.40

RTS RC+CE

"lowest60" "highest"

Optimized	

Offsets	for	

each	

P_Mode	

Search	

algorithm

Cost	of	

harmonization

Band RTS RC+CE

Offset

RTS

Cost	of	

harmonization

Band RTS RC+CE

Cost	of	

harmonization

Band RTS RC+CE RC+CE

P_Mode	search

"lowest"

Offset

RTS RC+CE

Offset
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image18.emf
P_Mode search

"lowest" | | "lowest60" | | "highest"
Cost of Cost of Cost of
Offsets harmonization Offset harmonization Offset harmonization Offset

fixed for

each Band RC+CE RC+CE Band RC+CE RC+CE Band RC+CE RC+CE
P_Mode

Band 7 0.87 2.56 0.00 4.65 Band 7 0.64 2.57 0.00 4.65 Band 7 0.58 3.12 0.00 4.65

Search Band 3 0.59 2.24 0.00 4.21 Band 3 0.59 2.24 0.00 4.21 Band 3 1.02 2.15 0.00 4.21

algorithm Band 13 [ 0.40 2.12 0.00 1.91 Band 13 [ 0.40 2.15 0.00 1.91 Band 13 [ 0.40 2.22 0.00 1.91

(based on Band 5 0.48 1.13 0.00 4.63 Band 5 0.48 1.13 0.00 4.63 Band 5 0.48 1.20 0.00 4.63

"lowest") Band 38 0.54 0.00 5.65 Band 38 0.54 0.00 5.65 Band 38 0.54 0.00 5.65

Band 41 0.34 0.00 5.63 Band 41 0.34 0.00 5.63 Band 41 0.79 0.00 5.63










Max 0.87 2.56 0.64 2.56 1.02 2.94

Band	7 0.87 2.56 0.00 4.65 Band	7 0.64 2.57 0.00 4.65 Band	7 0.58 3.12 0.00 4.65

Band	3 0.59 2.24 0.00 4.21 Band	3 0.59 2.24 0.00 4.21 Band	3 1.02 2.15 0.00 4.21

Band	13 0.40 2.12 0.00 1.91 Band	13 0.40 2.15 0.00 1.91 Band	13 0.40 2.22 0.00 1.91

Band	5 0.48 1.13 0.00 4.63 Band	5 0.48 1.13 0.00 4.63 Band	5 0.48 1.20 0.00 4.63

Band	38 0.54 0.00 5.65 Band	38 0.54 0.00 5.65 Band	38 0.54 0.00 5.65

Band	41 0.34 0.00 5.63 Band	41 0.34 0.00 5.63 Band	41 0.79 0.00 5.63

RC+CE

"lowest" "lowest60"

RC+CE RTS RC+CE Band RTS

Offsets	

fixed	for	

each	

P_Mode	

Search	

algorithm	

(based	on	

"lowest")

Cost	of	

harmonization

Offset

Cost	of	

harmonization

Offset

Cost	of	

harmonization

Offset

Band RTS

P_Mode	search

"highest"

RC+CE RTS RC+CE Band RTS RC+CE RTS
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Max Cost of Harmonization [dB]
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Optimized Offset [dB]

6.0

5.0

4.0

3.0

2.0

1.0

0.0

-1.0

500

1000

e RTS

1500

2000

Frequency [MHz]

el RC+CE

Trendline (RC+CE)

2500

3000










image1.emf
UE

HS1 Bands

FDD3

FDD7

FDD13 FDD5

TDD38

TDD41

KS_1

X

RS_3

RS_4

RS_5

X | X | X | X

RS_6

>
N

KS_2

KS_3

PAD_2

X | X |IX|IX|X|X]|X]|X

X | X | XX |X|X]|X

X | X | XX |X|X]|X

X | X | X

CTTC_1

CTTC_2

BT 1

Number of
devices per
HS1 band

FDD3

FDD7

FDD13 FDD5

TDD38

TDD41

8

8

8

8

Note 1: Support for Band 5 was enabled late for the RS_6 UE
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Note	1:	Support	for	Band	5	was	enabled	late	for	the	RS_6	UE
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Two Methodologies: MPAC (Reference) and ME2
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* Results for 3 UEs (after i1
optimal offset): W
* Residual Error s o o5
(per UE, referenced to MPAC):
* Max Residual Error (ME2 L Mof
referenced to MPAC) = 0 os [ 1o
* Assessed MU Mo
* Harmonization MU, h .,
o S
* Cost of Harmonization, C hiz = Max (Mg, My + Fe2)

Cr2 =max(hg, —mg,, 0)




