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1
Introduction
During the RAN #71 meeting a new Work Item was approved to develop radiated performance requirements for the verification of multi-antenna reception performance of UEs [1]  This WI intends to capture the associated MIMO OTA requirements in TS 37.144 [2] which is the container for all UE and MS over the air performance requirements.  All aspects associated with measurement procedures and other definitions are contained in TR 37.977 [3].
This paper introduces the MIMO OTA performance requirement structure to TS 37.144.
2
Discussion

According to the approved work plan for the Work Item [4], discussions on test case parameters and the figure of merit took place during RAN4 #78bis both as part of the presentation of [5] and offline.  As a baseline, Clause 10.3.5 of TR 37.977 contains the following aspects relevant to the discussion [3]:

The following agreements have been made:

1.
Final harmonization cannot be successfully claimed. But potential for harmonization can be found. In this situation, a single method shall be selected according to WID, while work on improving harmonization is deemed possible and needed

2.
Select MPAC methodology, and start new activity on performance requirement phase for MPAC

3.
Select UMi channel model, and inverse averaging. Option C

4.
Select the following KPIs: 70% and 95%

5.
How to treat failing of devices:

1.
For 95% tput: 2 orientations/azimuth rotations that fail are allowed. If more orientations fail then device fails test

2.
For 70% tput: 1 orientation /azimuth rotations that fail is allowed. If more orientations fail then device fails test

6.
Start follow-up harmonization activity in parallel to Performance requirement activity above, for the pair or pairs of methods that have potential harmonization

1.
This follow-up activity will increase the number of devices to be tested with the aim to augment and improve harmonization

2.
This follow-up activity will also increase the bands to be considered for harmonization

3.
Add UMa only option (Option J) for harmonization it in this follow-up harmonization activity which will be tested in parallel to UMi harmonization. UMa is not excluded from future performance work

7.
Due to robustness check at 95%, methods involving RC-only shall not be considered

8.
RC+CE&MPAC, RTS&MPAC and RC+CE&RTS&MPAC shall be considered in the harmonization activity

9.
Everything can be done in the same WI

10.
Bands for performance requirement definition activity: 1,2,3,4,5,7, 8,12,13,19,20,28,32,38,40,41,42,46

11.
The first set of bands to define requirements for and to perform harmonization activity are 2 FDD low bands, 2 FDD high bands and 2 TDD bands

12.
if harmonization fails for a particular set of corresponding channel models, then that method is not applicable for testing in that particular set of corresponding channel model

13.
Sample size for performance requirement: 100 measurements as a minimum

14.
How to claim new harmonization activity is successful

1.
Same bands (or set) as in the performance activity will be addressed in the same order, and harmonization will be checked after the performance requirement for each band (or set) is finalized.

2.
How many measurements samples per band: 30 of devices used for Performance requirement phase will be used for this harmonization activity. And tested in the same lab to minimize MUs with  a controlled environment

15.
Add Rayleigh validation procedure for RC+CE method

The following open items have been identified:

1.
Study how to perform averaging across orientations that did not fail the KPI

2.
Add how to extend the concept of devices failing in MPAC as agreed in slide 5 to RC+CE method

3.
Development of the procedure to validate Rayleigh

4.
Think what happens if we don’t find a single lab with a controllable environment

5.
Include statistical analysis to determine when to stop testing more devices for harmonization

6.
Study how to find the offset

7.
Study the distribution of residuals when analysing the cost

8.
Study how to calculate the cost and threshold
The Way Forward captured the following agreements related to this discussion [6]:
· Test case parameters

· Alignment between Annex E and the DUT orientations selected by Option C in 10.3.4 of

· 37.977 is needed (naming convention, updated figures)

· For handsets measured in free space, the performance requirement applies to the inverse

· average of the 70% and 95% KPIs obtained across the P 45, L 45, P 90 orientations (naming

· convention may be updated)

· Agreement needed how to handle handset + phantom, tablet in FS, and notebook in FS test

· cases

· Further options are not precluded

· Figure of merit

· One performance requirement will be assigned for each of the 70% and 95% KPIs per band

· Averaging method: inverse of the average of inverse mW KPI values

· Study how to perform averaging across orientations that did not fail the KPI

This text proposal introduces the skeleton structure of the MIMO OTA performance requirements to TS 37.144, captures the current agreement on the bands for which MIMO OTA requirements apply, and proposes a new abbreviation for the term Total Radiated Multi-antenna Sensitivity (TRMS).
3
References
[1] RP-160603, “New WID: Radiated performance requirements for the verification of multi-antenna reception of UEs,” Intel Corporation, 3GPP RAN #71, March 2016
[2] RP-160229, TS 37.144, V1.0.0, “UE and MS over the air performance requirements,” 3GPP RAN #71, March 2016
[3] TR 37.977, V13.3.0, “Verification of radiated multi-antenna reception performance of UEs,” 3GPP, March 2016
[4] R4-161825, “MIMO OTA work plan,” Intel Corporation, 3GPP RAN4 #78bis, April 2016

[5] R4-161826, “Views on test case parameters and the FoM,” Intel Corporation, 3GPP RAN4 #78bis, April 2016
[6] R4-163147, “MIMO OTA Way Forward,” Intel Corporation, CATR, Bluetest, 3GPP RAN4 #78bis, April 2016

4
Text Proposal
<<unchanged text omitted>>
3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] , TR 37.977 [7] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1] or TR 37.977 [7].

primary mechanical mode: the mode that is most often used during a call beside the head. Other mechanical modes are secondary. Every terminal has at least one primary mechanical mode.
speech position: UE used close to head phantom (specific anthropomorphic mannequin).
data transfer position: UE used away from the user’s head, applicable for LME and LEE devices.

FS: UE used in a free space configuration.

LME: Laptop mounted equipment (such as plug-in devices like USB dongles).

LEE: Laptop embedded equipment (such as embedded module card embedded in notebooks).
Receiver total radiated multi-antenna sensitivity: MIMO OTA performance metric utilizing the multi-probe anechoic chamber (MPAC) testing methodology (Clauses 6.3.1.1 and 12.1 of TR 37.977 [7]).
3.2
Symbols

TRPaverage
the average measured total radiated power of low, mid and high channel

TRPmin
the lowest measured total radiated power of each channel within an operating band

TRSaverage
the average measured total radiated sensitivity of low, mid and high channel

TRSmax
the highest measured total radiated sensitivity of each channel within an operating band
3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1], TR 37.977 [7], and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1] or TR 37.977 [7].

DUT
Device Under Test

OTA
Over The Air
TRMS
Total Radiated Multi-antenna Sensitivity
TRP
Total Radiated Power

TRS
Total Radiated Sensitivity
<<unchanged text omitted>>
5
Frequency bands

5.1
GSM frequency bands

The requirements defined in this specification for GSM apply to the frequency bands defined in Table 5.1-1.

Table 5.1-1: GSM frequency bands

	Operating band
	UL frequencies

MS transmit, BTS receive
	DL frequencies

MS receive, BTS transmit

	GSM 850
	824 - 849 MHz
	869 - 894 MHz

	P-GSM 900
	890 - 915 MHz
	935 - 960 MHz

	E-GSM 900
	880 - 915 MHz
	925 - 960 MHz

	DCS 1800
	1710 - 1785 MHz
	1805 - 1880 MHz

	PCS 1900
	1850 -1910 MHz
	1930 -1990 MHz


5.2
UTRA FDD frequency bands

The requirements defined in this specification for UTRA FDD apply to the frequency bands defined in Table 5.2-1.

Table 5.2-1: UTRA FDD frequency bands

	Operating Band
	UL frequencies

UE transmit, Node B receive
	DL frequencies

UE receive, Node B transmit

	I
	1920 - 1980 MHz
	2110 - 2170 MHz

	II
	1850 - 1910 MHz
	1930 - 1990 MHz

	III
	1710 - 1785 MHz
	1805 - 1880 MHz

	IV
	1710 - 1755 MHz
	2110 - 2155 MHz

	V
	824 - 849 MHz
	869 - 894 MHz

	VI
	830 - 840 MHz
	875 - 885 MHz

	VII
	2500 - 2570 MHz
	2620 - 2690 MHz

	VIII
	880 - 915 MHz
	925 - 960 MHz

	IX
	1749,9 – 1784,9 MHz
	1844,9 – 1879,9 MHz

	XIX
	830 - 845MHz
	875 - 890 MHz


Deployment in other frequency bands is not precluded 

5.3
UTRA TDD frequency bands

The requirements defined in this specification for UTRA TDD apply to the frequency bands defined in Table 5.3-1.
Table 5.3-1: UTRA LCR TDD frequency bands

	Operating Band
	Frequencies

	a
	1900 - 1920 MHz

2010 - 2025 MHz

	b*
	1850 - 1910 MHz

1930 - 1990 MHz

	c*
	1910 - 1930 MHz

	d**
	2570 - 2620 MHz

	e
	2300 - 2400 MHz

	f
	1880 - 1920 MHz


NOTE:
Deployment in other frequency bands is not precluded.
* Used in ITU Region 2
** Used in ITU Region 1
5.4
E-UTRA FDD frequency bands
The requirements defined in this specification for E-UTRA FDD receiver total radiated multi-antenna sensitivity apply to the frequency bands defined in Table 5.4-1.
Table 5.4-1 E-UTRA FDD operating bands for receiver total radiated multi-antenna sensitivity requirements
	E‑UTRA Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low   –  FUL_high
	FDL_low  –  FDL_high
	

	1
	1920 MHz
	–
	1980 MHz 
	2110 MHz
	–
	2170 MHz
	FDD

	2
	1850 MHz
	–
	1910 MHz
	1930 MHz
	–
	1990 MHz
	FDD

	3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	FDD

	4
	1710 MHz
	–
	1755 MHz 
	2110 MHz
	–
	2155 MHz
	FDD

	5
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894MHz
	FDD

	7
	2500 MHz
	–
	2570 MHz
	2620 MHz
	–
	2690 MHz
	FDD

	8
	880 MHz
	–
	915 MHz
	925 MHz
	–
	960 MHz
	FDD

	12
	699 MHz
	–
	716 MHz
	729 MHz
	–
	746 MHz
	FDD

	13
	777 MHz
	–
	787 MHz
	746 MHz
	–
	756 MHz
	FDD

	19
	830 MHz
	–
	845 MHz
	875 MHz
	–
	890 MHz
	FDD

	20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	FDD

	28
	703 MHz
	–
	748 MHz
	758 MHz
	–
	803 MHz
	FDD

	32
	
	N/A
	
	1452 MHz
	–
	1496 MHz
	FDD1

	NOTE 1:
Restricted to E-UTRA operation when carrier aggregation is configured. The downlink operating band is paired with the uplink operating band (external) of the carrier aggregation configuration that is supporting the configured Pcell.


Deployment in other frequency bands is not precluded.
5.5
E-UTRA TDD frequency bands
The requirements defined in this specification for E-UTRA TDD receiver total radiated multi-antenna sensitivity apply to the frequency bands defined in Table 5.5-1.
Table 5.5-1 E-UTRA TDD operating bands for receiver total radiated multi-antenna sensitivity requirements
	E‑UTRA Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low   –  FUL_high
	FDL_low  –  FDL_high
	

	38
	2570 MHz
	–
	2620 MHz
	2570 MHz
	–
	2620 MHz
	TDD

	39
	1880 MHz
	–
	1920 MHz
	1880 MHz
	–
	1920 MHz
	TDD

	40
	2300 MHz
	–
	2400 MHz
	2300 MHz
	–
	2400 MHz
	TDD

	41
	2496 MHz
	
	2690 MHz
	2496 MHz
	
	2690 MHz
	TDD

	42
	3400 MHz
	–
	3600 MHz
	3400 MHz
	–
	3600 MHz
	TDD

	46
	5150 MHz
	–
	5925 MHz
	5150 MHz
	–
	5925 MHz
	TDD1,2

	NOTE 1:
This band is an unlicensed band restricted to licensed-assisted operation using Frame Structure Type 3  
NOTE 2:
In this version of the specification, restricted to E-UTRA DL operation when carrier aggregation is configured.


Deployment in other frequency bands is not precluded.
<<unchanged text omitted>>
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