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1
Background
During the RAN4 #82bis meeting, as part of the MIMO OTA work item [1] discussions, UE behaviour possibly related to the activation of a gain stage in the receiver has been observed [5], [6]:
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It was agreed to hold an email discussion on this topic during the period of April 10 – 14, 2017.  Table 1 below lists the specific topics addressed in this email discussion.

Table 1: Overview of email discussion topics
	Section
	Topic

	2.1
	Understanding of the observed behaviour

	2.2
	Proposed definition of P_MODE (for MPAC and RTS)

	2.3
	Proposed definition of sensitivity value per stirring state (for RC+CE)

	2.4
	Proposed measurement procedure for MPAC

	2.5
	Proposed measurement procedure for RTS

	2.6
	Proposed measurement procedure for RC+CE

	2.7
	Views on potential applicability issues


This document captures the discussion points as well as the outcome recommended by the discussion participants (in Section 3).
2
Email discussion
2.1
Understanding of the observed behaviour

Companies are encouraged to share their understanding of the observed behaviour, such as whether all potential devices under test are expected to exhibit this, whether this behaviour represents an undesired condition for the UE, etc.  Companies are further encouraged to confirm the characterization of the behaviour reached in the WF agreement (i.e. the possible activation of a gain stage [5]).
	Company
	Understanding of the observed behaviour
	Comments

	Intel Corporation
	It is our understanding that the observed behaviour does not represent typical UEs. The curves demonstrate the potential activation of an Rx gain stage resulting in a non-linear input/output SNR relationship. Since 3GPP does not specify linear input/output SNR behaviour, a UE exhibiting this performance does not violate any existing requirement. However, an RF front end design such as the one observed is atypical.
	

	Bluetest
	We do not think all potential devices would currently exhibit this behaviour, but we would not be surprised if more devices in the near future show similar “dynamic” responses. Stepping LNA stages and possibly programmable LC tuning stages at the antennas are examples of legitimate phone design elements that could create a dynamically variable throughput curve within a MIMO measurement such as we see here.

Clearly, the basic methods proposed so far are able to resolve this behaviour – we submit that if OEM’s or operators would like measure this more directly, the methods could easily be optimized to provide clearer insight. However, for standards purposes and to maintain progress with MIMO OTA in RAN4, we prefer summarizing the best (maximum) TPUT potential of the phone based on the currently defined metric
	

	R&S
	Based on some of the available harmonization data from this and the previous campaign, this behaviour is observed primarily on UEs released within the last year in select bands but not every supported band. Small non-linearities are not uncommon at very high TP levels.
	

	Keysight
	The observed behaviour may have been seen previously but is clearly more prevalent in recent UE designs. No current UE requirements are likely to have been violated. The observance of this behaviour is peculiar to the current MIMO OTA TRMS metric which is based on sweeping downlink power levels with a fixed MCS/rank. This measurement approach does not represent typical network conditions. In a real network, the average downlink power is static and the UE will adapt any receiver gain to those conditions and then report the desired MCS/rank to provide optimal throughput. It is therefore not likely any real network would observe unusual behaviour of the type seen in [5], [6]. In seeking solutions to the observed behaviour care should be taken to avoid solutions that potentially disadvantage certain UE implementations in a way that would not be observable in real network conditions.
	

	MVG
	Our understanding is that there is non-linear behaviour in terms of input/output SNR. This can be due to the switching of a second LNA (second LNA gain stage)
	


2.2
Proposed definition of P_MODE (for MPAC and RTS)

Companies are encouraged to share their proposals for defining P_MODE.  The current definition, as captured in Clause 8.1.1 of TS37.144 [2] is:
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The following potential options may be considered; other options are not precluded:

· Option 1: specify “highest first” definition of P_MODE, where the highest measured DL power level which crosses the target throughput level is chosen

· Option 2: specify “lowest first” definition of P_MODE, where the lowest measured DL power level which crosses the target throughput level is chosen

NOTE 1: target throughput values are 70% and 95%
NOTE 2: current agreements specify the highest DL RS-EPRE as -80 dBm/15 kHz [7]
NOTE 3: the minimum DL RS-EPRE level is currently not specified
NOTE 4: potential proposals for changing the measurement procedure are addressed in a separate discussion item

	Company
	Proposed definition of P_MODE (MPAC & RTS)
	Comments

	Intel Corporation
	Preferred option: Our preferred option is Option 1. 
Technical justification: In the case of correctly calibrated Rx gain stage activation (i.e. in a series of smaller steps), the input/output SNR relationship is more linear, and the received throughput curve should not cross the 95% or 70% throughput points more than once. The UE which does not address this design aspect should not fail the test, but it may not be possible to correctly quantify its performance at lower power levels, when the gain stage activates unpredictably. Thus, the performance of such a UE should be characterized at the highest power level which results in the crossing of the target throughput point (95% or 70%).
	[KS] Option 1 is simple but would penalize UE implementations that are not otherwise violating any existing UE requirement.

	R&S
	It is proposed to select the “lowest first” P_Mode, i.e., Option 2, as the lowest measured DL power level seems to represent the “true” UE performance while the highest DL level crossing the same target TP seems to be an outlier case.
[image: image3.png]Target TP

“highest first”

P_Mode N\
- R&S Proposed: \

‘“‘lowest first” P_Modbd Y




	[R&S] It is proposed to perform repeatability measurements on two devices to see how repeatable the “highest first” P_Mode measurements are.
[Bluetest] I agree with this reasoning for choosing (2). I also think the R&S suggestion for repeated measurements would be valuable, but should be optional. Testing the total number of devices needed should be the priority.

	Keysight
	We propose a new option.

Option 3: Consider adopting a long-term solution consistent with typical network conditions based on fixed downlink power and variable MCS/rank as per 37.901 application layer data throughput performance testing. This approach was advocated in R4-77AH-OTA-0007 and would also lead to a considerable (up to 10x) reduction of existing test times. Independent of the current non-linear throughput curve issues, such an alternative approach is being investigated by CTIA and may become the preferred long-term metric for MIMO OTA.
	

	MVG
	Preferred option: Our preferred option is Option 1

Technical justification: it is our understanding that this phenomena can be mitigated by properly implementing the multi stages LNA technique. If we, for example state that 70% is the point to where the end user experience drops, we should consider the first (highest) power level to which the DUT reaches 70%.  
	


2.3
Proposed definition of sens. value per stirring state (for RC+CE)

Companies are encouraged to share their proposals for defining the sensitivity value derived from the throughput curve measured for each stirring state of the RC+CE implementation.  The harmonization project plan in [8] has not captured an agreement of the current approach, and a formal agreement on the baseline approach for these values is not defined.  However, the harmonization analysis performed during the Rel-13 MIMO OTA Work Item captures the following detail in the “Option C” analysis part: “Outage point search method: First intersect search high TPT to low.”  The Rapporteur’s understanding of this statement, as applied to the RC+CE results, is the following:
For each throughput curve for a given stirring state, we seek the first time (highest first) the measured throughput curve crosses the desired throughput threshold from high RS_EPRE to low. Linear interpolation between the two points is used to report the RS_EPRE value associated with the desired threshold.

The following options may be considered; other options are not precluded:
· Option 1: specify “highest first” definition of sensitivity per throughput curve for a given stirring state, where the highest measured DL power level which crosses the target throughput level is chosen

· Option 2: specify “lowest first” definition of P_MODE, where the lowest measured DL power level which crosses the target throughput level is chosen

NOTE 1: target throughput values are 70% and 95%

NOTE 2: current agreements specify the highest DL RS-EPRE as -80 dBm/15 kHz [7]
NOTE 3: the minimum DL RS-EPRE level is currently not specified

NOTE 4: potential proposals for changing the measurement procedure are addressed in a separate discussion item

	Company
	Proposed definition of sens. value per stirring state (RC+CE)
	Comments

	Intel Corporation
	Preferred option: Our preferred option is Option 1
Technical justification: same as Section 2.3
	

	Bluetest
	Prefer Option 2: We anticipate the industry would like to summarize phone’s performance at its best available level. Based on the (limited) examples so far, the lowest DL power level may also be the most stable/repeatable point for a performance metric in this case.

Note 3 above needs to remain flexible, as it stands, to allow the testing lab to extend the measurement in this or similar cases.
	[Bluetest] The idea here is to keep the measurement procedure the same for now. Then CATR does not have to retest everything. With Option 2 we only post process target values at what appears to be the most stable crossing.

	R&S
	It is proposed to apply the same principle (Option 1 vs 2) to MPAC/RTS and RC&CE. As such, it is proposed to select the “lowest first” P_Mode for RC&CE as well.
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	[R&S] It is proposed to perform repeatability measurements on two devices to see how repeatable the “highest first” P_Mode measurements are.

	Keysight
	We propose a new option as per 2.2 above
	


2.4
Proposed measurement procedure for MPAC

Companies are encouraged to share their proposals of a measurement procedure reflecting the proposal in Section 2.2.
	Company
	Proposed measurement procedure for MPAC
	Comments

	Intel Corporation
	The measurement procedure already specifies the maximum power level of -80 dBm/15 kHz. The procedure does not need to be modified, and test labs should take advantage of any potential sensitivity search techniques in order to reduce test time.
	[Keysight] Fast search techniques have the potential to trigger unpredictable behaviour of any LNA switching. Such switching, which is not precluded in the standards, will have been optimized for real network conditions, not for the unique conditions of the existing MIMO OTA test approach.

	R&S
	The following measurement procedures for MPAC are proposed:

· Perform the P_Mode search by decreasing DL power from -80dBm/15kHz to P_Mode, i.e., utilizing advanced search algorithms that increase DL power instead of decreasing DL power are not permissible at the moment

· Perform P_Mode searches with 20k subframes at each power level, i.e., no reduction of subframes for coarse approaches permissible at the moment. This is to make sure that the UE is given ample time during the TP measurement to “adjust”
· Continue recording the TP curve until TP has dropped to 50% to give the UE the chance to “adjust”
	[Bluetest] These are good processes for stabilizing the results for such UEs, but requiring them at this stage for all devices may invalidate existing test data.
[Keysight] The use of 20k subframes and 50% will significantly mitigate but not eliminate the possibility the UE will not trigger an LNA switch that might have occurred in real network conditions.

	MVG
	Measurement procedure shall not be changed. This procedure would allow the system vendors to implement “fast” sensitivity search algo which are independent of the DUT. Fast sens searching algo are a crucial point in order to decrease even by an amount of 10 times of the measurement time for each single MIMO OTA measurement. What would happen if in the near future for improving performances/battery life we do measure devices with higher order of RX gain stages? Going with option 2 would imply us to measure the full throughput versus power curve even below 70%.
	


2.5
Proposed measurement procedure for RTS
Companies are encouraged to share their proposals of a measurement procedure reflecting the proposal in Section 2.2.

	Company
	Proposed measurement procedure for RTS
	Comments

	Intel Corporation
	The measurement procedure for RTS consists of 2 steps: the characterization of the antenna pattern in the first stage and the emulation of the propagation condition in the second stage. In the first stage, the UE’s antenna pattern should be characterized at a high enough level to avoid the activation of the gain stage. This can be verified during the SNR linearization procedure, which is already part of the RTS procedures. If the first stage measurement cannot guarantee SNR linerarity for the test, then this should be a condition of non-applicability of the UE to the RTS test. The procedure for the second stage should not be changed.
	[Keysight] Comments made by email. In summary, antenna characterization can be done at any level but -60 dBm is preferred for accuracy. LNA switching does not impact antenna patterns, any fixed phase offsets have bene hsown to not impact results. The existing RSAP monotonicity requirement remains unchanged as a gatekeeper for RTS applicability.

	R&S
	The following measurement procedures for RTS are proposed:

· Perform the P_Mode search by decreasing DL power from -80dBm/15kHz to P_Mode, i.e., utilizing advanced search algorithms that increase DL power instead of decreasing DL power are not permissible at the moment

· Perform P_Mode searches with 20k subframes at each power level, i.e., no reduction of subframes for coarse approaches permissible at the moment. This is to make sure that the UE is given ample time during the TP measurement to “adjust”
· Continue recording the TP curve until TP has dropped to 50% to give the UE the chance to “adjust”
	[Keysight] The use of 20k subframes and 50% will significantly mitigate but not eliminate the possibility the UE will not trigger an LNA switch that might have occurred in real network conditions.


2.6
Proposed measurement procedure for RC+CE

Companies are encouraged to share their proposals of a measurement procedure reflecting the proposal in Section 2.3.

	Company
	Proposed measurement procedure for RC+CE
	Comments

	Intel Corporation
	The measurement procedure for RC+CE should not be changed
	

	Bluetest
	For each set of throughput samples in a given stirring state, choose the latest point(s) (lowest DL power) where the measured throughput curve crosses the desired throughput threshold from high RS_EPRE to low. Linear interpolation between the two points is used to report the RS_EPRE value associated with the desired threshold
	[Intel] It is not clear whether the proposed procedure here is different from the existing procedure

[Bluetest] What I am describing here is a change to the post processing procedure only, not the measurement procedure. It would be less confusing to move this statement up to 2.3 and agree with Intel here.

	R&S
	The following measurement procedures for MPAC are proposed:

· Perform the P_Mode search by decreasing DL power from -80dBm/15kHz to P_Mode, i.e., utilizing advanced search algorithms that increase DL power instead of decreasing DL power are not permissible at the moment
· Continue recording the TP curve until TP has dropped to 50% to give the UE the chance to “adjust”
	[R&S] It is suggested to test 2 devices that exhibit this behaviour in RC&CE systems to see whether an increase in subframes per stirrer position has any effect on the TP curves
[Intel] MPAC is a typo here and should be RC+CE, right?
[Bluetest] RC+CE Data in fig 1 implies this procedure is already being followed by CATR. We prefer these procedures to be at the lab’s discretion to capture best UE performance in the least time.

[Bluetest] R&S suggestion above is a good one, but should be optional, or a separate study item to avoid delays to current WI and extending CATR’s commitment.


2.7
Views on potential applicability issues

Companies are encouraged to share their views on any applicability issues related to their understanding of the observed behaviour in Section 2.1.  Potential applicability issues may identify classes of UEs, based on their capabilities or observed behaviour, as not applicable to be tested under a certain methodology.
	Company
	Views on potential applicability issues
	Comments

	Intel Corporation
	The RTS methodology, which already includes a check for SNR linearity, should verify whether a UE which exhibits the behaviour described in this document, can undergo measurement procedures of the first stage without non-linear behaviour of the input/output SNR. Whether this can be guaranteed can be a device applicability criterion for the RTS method.
	[Keysight] The RTS method has a check on RSAP monotonicity, not SNR linearity. It would be possible to measure a UE antenna pattern above and below an LNA switching threshold to demonstrate no impact on measured patterns.


3
Conclusions

Table 2 below lists the recommendations associated with the email discussion topics.  These recommendations represent the consensus on the outcome of the email discussion and are to be further confirmed as formal proposals during the RAN4 #83 meeting.

Table 2: Conclusions of email discussion topics

	Topic
	Recommendations

	Understanding of the observed behaviour
	The observed behaviour is not typical for all UEs. It can be observed in select bands but not in every supported band. In seeking solutions to the observed behaviour care should be taken to avoid solutions that potentially disadvantage certain UE implementations in a way that would not be observable in real network conditions.

	Proposed definition of P_MODE (for MPAC and RTS)
	Two companies prefer Option 1

One company prefers Option 2

One company proposed a new option

	Proposed definition of sensitivity value per stirring state (for RC+CE)
	One company prefers Option 1

Two companies prefer Option 2

One company proposed a new option

	Proposed measurement procedure for MPAC
	Two companies prefer no change

One company proposes an advanced search algorithm and extends the range of all measurements down to 50% throughput and also a 2-device test campaign to verify the new procedure

Two companies have raised concerns with the proposed advanced search algorithm

	Proposed measurement procedure for RTS
	One company proposes an SNR linearity verification during the 1st stage and no change to the 2nd stage

One company proposes an advanced search algorithm and extends the range of all measurements down to 50% throughput and also a 2-device test campaign to verify the new procedure

	Proposed measurement procedure for RC+CE
	Two companies prefer no change

One company proposes an advanced search algorithm and extends the range of all measurements down to 50% throughput and also a 2-device test campaign to verify the new procedure

	Views on potential applicability issues
	One company proposes an applicability condition for the RTS method based on the SNR linearity verification in the 1st stage, and further clarification was provided RSAP monotonicity verification


Proposal 1: It is proposed to approve the recommendations listed in Table 2 as formal agreements during the RAN4 #83 meeting.
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Impact of emerging UE behavior on TRMS


The possible activation of a gain stage has been observed in the testing [R4-1703744]


�


A correction of the MPAC measurement procedure is needed to quantify such UE performance at the lowest possible downlink power level – i.e. with the gain stage(s) enabled


A correction of the definition of the sensitivity value per azimuth position (the P_MODE) is needed


CRs to update the procedures in TR37.977 and P_MODE definition in TS37.144 are requested by the next meeting


An email discussion on the MIMO OTA reflector following RAN4#82bis is suggested to resolve this issue


Discussion start: April 10, 2017


Discussion close: April 14, 2017


…


Impact of emerging UE behavior on harmonization


The possible activation of a gain stage has been observed in the testing [R4-1703744]


��


Corrections of the RC+CE and RTS measurement procedures are needed to quantify such UE performance at the lowest possible downlink power level – i.e. with the gain stage(s) enabled


A correction of the definition of the sensitivity value per stirring state is needed for the RC+CE results


The definition of the sensitivity value per azimuth position for RTS is reused from the corrected P_MODE definition





For the MPAC methodology, the average TRMS of free space data mode portrait (FS DMP), free space data mode landscape (FSDML), and free space data mode screen up (FS DMSU), as defined in Annex E of TR 37.977 [7], when measured at the mid channel shall be lower than the average TRMS requirements specified in subclauses 8.1.1.1 and 8.1.1.2.  The averaging shall be done in linear scale for the TRMS results at these DUT positions.  Two average TRMS quantities are calculated from sensitivity measurements at 70% and 95% throughput, respectively.  Average TRMS requirement are shown in the column “Average, 70” and “Average, 95” on the requirement tables.





�





�





Where





�





Such that MODE is one of {FS_DMP, FS_DML, FS_DMSU}, x is one of {70, 95}, and {PMODE,x,0, …, PMODE,x,11} are the measured sensitivity values at each azimuth position.


For the MPAC methodology,  if 1 azimuth position does not result in a defined measured sensitivity at 70% or 95% throughput, SMODE,70 or SMODE,95 are calculated using the 11 measured sensitivities and the maximum downlink RS-EPRE supported by the test system (substitution approach) for the one missing result.  If 2 azimuth positions do not result in a defined measured sensitivity at 95% throughput, SMODE,95 is calculated using the 10 measured sensitivities and the maximum downlink RS-EPRE supported by the test system for the two missing results.  If more azimuth positions result in undefined values for measured sensitivity at the 70% and/or 95% throughput, then the TRMS requirement for the corresponding throughput levels has not been met by such a device.










Page 7/8

[image: image5.png]MPAC sample results-RS_3




[image: image6.png]


[image: image7.png]RTS sample results-RS_3



[image: image8.png]1 1 1
TRM S serage0 = 10008 [3/ (oo oo b oo )|




[image: image9.png]1 1 1
TRM S seragess = 10008 [3/( oot mos g b oo )|




[image: image10.png]1 1 1
Suope:x = 10log, [12/ (1()":100.;&/1“ + ToPronea T T mv.m.,,,,/m)]



