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1
Introduction
The LTE TRP/TRS Work Item [1], targeting the LTE OTA specification in TS37.144 [2], has made a series of agreements targeting the development of beside the head and hand (BHH) handset TRP/TRS requirements in [3], [4], and [5].

This contribution reviews the BHH TRP/TRS framework agreements and provides an analysis of the currently available data with the overall goal of facilitating the discussions toward the agreement of handset BHH TRP/TRS requirements.

2
Discussion

2.1
Summary of framework agreements
According to TS 37.144 [2], the scope of the OTA requirements in RAN is the following:
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Observation 1: The implication of the scope of TS 37.144 and the structure of the requirements in the Conformance Agreement Group (CAG) of GCF is the following:  when a device undergoes GCF certification, it will fail the OTA part if it fails an OTA test for any one of the bands for which roaming requirements are defined.
The first agreement on the TRP/TRS framework, agreed during RAN4 #80, [3] did not contain any aspects which ensure that the process of developing requirements considers roaming bands or the implication that failing any one band fails the device during certification: 
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Observation 2: The initial framework did not consider the implication that LTE devices support multiple roaming bands and that failing the roaming requirement for any one band fails the device during certification in GCF, and this motivated the need to further improve the framework.
During the RAN4 #82 meeting a way forward was approved with the following agreements [4]:
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Observation 3: It was recognized that the initial framework did not consider the implication that LTE devices support multiple roaming bands and that failing the roaming requirement for any one band fails the device during certification in GCF; it was agreed to enhance the framework after resolving a list of open issues.

During the RAN4 #82bis meeting a way forward was approved with the following agreements [5]:
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Observation 4: The enhanced framework identified a clear way forward to OTA requirements for LTE handsets.
Two supporting contributions have been submitted on this topic: additional measured BHH data in [6] and an updated joint band passing rate (JBPR) worksheet in [7].

2.2
Analysis for the baseline requirements

The baseline LTE BHH TRP/TRS values are derived for LTE Bands 20, 5, 19, 21, 3, 2, 1, and 7 from the JBPR worksheet [7] using the “CDF” tab (which performs single-band analysis).  The following analysis parameters have been set:
Table 1: JBPR analysis parameters to derive the baseline values

	Parameter
	Value

	CA support
	NO

	Max num supported bands
	19

	Min num supported bands
	1

	Target joint passing rate
	90%


Proposal 1: The target joint passing rate is 90%; the analysis aims to achieve this passing rate for both TRP and TRS across all applicable bands in the analysis.

Because the information about the number of supported bands and CA support is not available for all measurement results in [7], the data available for the baseline analysis may not match the restricted parameter set defined in Table 1.  In the cases when the total number of data points in the CDF is fewer than 5 data points, the CDF percentile is not calculated, and the baseline analysis for such bands is skipped.  The number of supported bands includes GSM, UMTS, and LTE bands.
Table 2: Analysis summary for the baseline values

	Band
	Avg TRP
	Avg TRS
	Avg TRP val
	Avg TRS val
	Notes

	20
	9.9
	-85.2
	9.5
	-85.0
	Num data points: TRP 74; TRS 74

	5
	8.3
	-81.5
	8.0
	-81.5
	Num data points: TRP 6; TRS 6

	19
	10.3
	-85.7
	10.0
	-85.5
	Num data points: TRP 23; TRS 23

	21
	11.8
	-86.8
	11.5
	-86.5
	Num data points: TRP 21; TRS 21

	3
	12.8
	-88.2
	12.5
	-88.0
	Num data points: TRP 101; TRS 101

	2
	12.1
	-87.1
	12.0
	-87.0
	Num data points: TRP 6; TRS 6

	1
	13.1
	-89.0
	13.0
	-89.0
	Num data points: TRP 28; TRS 28

	7
	13.3
	-88.3
	13.0
	-88.0
	Num data points: TRP 77; TRS 77


The selection of the number of bands for the baseline values is somewhat arbitrary.  It may be possible to select a different value for the filter and to go through the framework steps as outlined below.  The intention behind the selection of 19 bands (which include GSM, UTRA, and LTE bands) is to balance between devices with low band support and the number of data points available for the analysis.
Table 3: [Step 1] initial values derived from CDF outages (num bands <= 19; no CA)
	Band
	20
	5
	19
	21
	3
	2
	1
	7

	TRP val
	9.5
	8.0
	10.0
	11.5
	12.5
	12.0
	13.0
	13.0

	TRS val
	-85.0
	-81.5
	-85.5
	-86.5
	-88.0
	-87.0
	-89.0
	-88.0

	TRP pass
	97%
	83%
	88%
	90%
	95%
	83%
	93%
	88%
	82%

	TRS pass
	95%
	83%
	88%
	90%
	91%
	83%
	89%
	90%
	79%

	TRP&TRS
	95%
	67%
	83%
	81%
	89%
	83%
	86%
	83%
	72%

	Num DUT
	74
	6
	24
	21
	101
	6
	28
	80
	 


We observe that the joint passing rate is 73%; adjustments are proposed in Table 4 which bring the joint passing rate closer to 90%.
Table 4: [Step 2] Adjust Step 1 values based on JBPF rate (num bands <= 19; no CA)
	Band
	20
	5
	19
	21
	3
	2
	1
	7

	TRP val
	9.5
	7.5
	9.0
	11.5
	12.0
	11.5
	12.5
	12.5

	TRS val
	-84.0
	-81.0
	-83.0
	-85.5
	-87.0
	-86.5
	-88.5
	-87.5

	TRP pass
	97%
	100%
	96%
	90%
	97%
	100%
	96%
	95%
	91%

	TRS pass
	99%
	100%
	96%
	100%
	99%
	100%
	96%
	94%
	93%

	TRP&TRS
	97%
	100%
	96%
	90%
	96%
	100%
	93%
	90%
	87%

	Num DUT
	74
	6
	24
	21
	101
	6
	28
	80
	 


Proposal 2: Set the baseline TRP/TRS average values to the values & bands shown in Table 4.
2.3
Analysis for baseline with CA requirements
To derive the offsets associated with CA architecture for devices with the same number of supported bands as the baseline, the analysis settings in Table 5 are used.
Table 5: JBPR analysis parameters to derive the baseline+CA values

	Parameter
	Value

	CA support
	YES_AND_UNKNOWN

	Max num supported bands
	19

	Min num supported bands
	1

	Target joint passing rate
	90%


Tables 6 and 7 illustrate the initial and adjustment steps, respectively.

Table 6: [Step 3] Derive CA values by starting with Step 2 (num bands <= 19; with CA)

	Band
	20
	19
	21
	3
	1
	7

	TRP val
	9.5
	9.0
	11.5
	12.0
	12.5
	12.5

	TRS val
	-84.0
	-83.0
	-85.5
	-87.0
	-88.5
	-87.5

	TRP pass
	100%
	91%
	80%
	85%
	79%
	82%
	71%

	TRS pass
	100%
	100%
	100%
	98%
	68%
	85%
	84%

	TRP&TRS
	100%
	100%
	80%
	93%
	68%
	74%
	75%

	Num DUT
	14
	10
	10
	41
	19
	27
	 


Table 7: [Step 4] Adjust Step 3 values based on JBPF rate (num bands <= 19; with CA)
	Band
	20
	19
	21
	3
	1
	7

	TRP val
	9.5
	9.0
	10.0
	11.5
	10.5
	12.0

	TRS val
	-84.0
	-83.0
	-85.5
	-87.0
	-86.5
	-87.0

	TRP pass
	100%
	91%
	90%
	92%
	86%
	84%
	80%

	TRS pass
	100%
	100%
	100%
	98%
	89%
	89%
	92%

	TRP&TRS
	100%
	100%
	90%
	98%
	89%
	81%
	86%

	Num DUT
	14
	10
	10
	41
	19
	27
	 

	TRP offset
	
	
	1.5
	0.5
	2.0
	0.5
	

	TRS offset
	
	
	
	
	2.0
	0.5
	


Proposal 3: Set the CA delta (same number of supported bands as the baseline) to the values & bands shown in Table 7.
2.4
Analysis for baseline with multi-band requirements

To derive the offsets associated with UEs supporting no CA architecture and the maximum number of bands (DUT0014 in the Intel data set supports 38 bands), the analysis settings in Table 8 are used.
Table 8: JBPR analysis parameters to derive the baseline+multi-band values

	Parameter
	Value

	CA support
	NO

	Max num supported bands
	38

	Min num supported bands
	1

	Target joint passing rate
	90%


Table 9 illustrates the analysis step.

Table 9: [Step 5] Derive multi-band without CA values by starting with Step 2 (num bands <= 38; no CA)

	Band
	20
	5
	19
	21
	3
	2
	1
	7

	TRP val
	9.5
	7.5
	9.0
	11.5
	12.0
	11.5
	12.5
	12.5

	TRS val
	-84.0
	-81.0
	-83.0
	-85.5
	-87.0
	-86.5
	-88.5
	-87.5

	TRP pass
	97%
	100%
	96%
	90%
	97%
	100%
	96%
	95%
	91%

	TRS pass
	99%
	100%
	96%
	100%
	99%
	100%
	96%
	94%
	93%

	TRP&TRS
	97%
	100%
	96%
	90%
	96%
	100%
	93%
	90%
	87%

	Num DUT
	74
	6
	24
	21
	101
	6
	28
	80
	 


Proposal 4: Set the multi-band without CA delta to 0 for the bands listed in Table 9.

2.5
Analysis for multi-band with CA requirements

To derive the offsets associated with CA architecture and the maximum number of supported bands (DUT0014 in the Intel data set supports 38 bands), the analysis settings in Table 10 are used.

Table 10: JBPR analysis parameters to derive the CA+multi-band values

	Parameter
	Value

	CA support
	YES_AND_UNKNOWN

	Max num supported bands
	38

	Min num supported bands
	1

	Target joint passing rate
	90%


Tables 11 and 12 below illustrate the initial and adjustment steps, respectively.

Table 11: [Step 6] Drive multi-band with CA values by starting with Step 2 (num bands <= 38; with CA)

	Band
	12
	17
	13
	28
	20
	5
	19
	8
	21
	3
	2
	4
	1
	7
	39
	40
	41
	38

	TRP
	9.0
	6.5
	6.5
	9.5
	9.5
	7.5
	9.0
	7.0
	11.5
	12.0
	11.5
	8.0
	12.5
	12.5
	9.0
	7.5
	9.0
	8.5

	TRS
	-88.0
	-83.5
	-83.0
	-86.5
	-84.0
	-81.0
	-83.0
	-84.0
	-85.5
	-87.0
	-86.5
	-86.0
	-88.5
	-87.5
	-82.0
	-81.0
	-82.0
	-81.5

	TRP
	86%
	92%
	92%
	71%
	67%
	75%
	78%
	84%
	75%
	74%
	59%
	90%
	69%
	64%
	92%
	94%
	89%
	80%
	49%

	TRS
	71%
	92%
	92%
	100%
	94%
	100%
	94%
	89%
	100%
	92%
	95%
	90%
	79%
	73%
	92%
	94%
	95%
	80%
	69%

	Both
	71%
	88%
	83%
	71%
	67%
	78%
	82%
	83%
	75%
	77%
	62%
	90%
	62%
	56%
	92%
	94%
	89%
	80%
	49%

	Num
	7
	24
	12
	7
	33
	27
	17
	18
	12
	64
	21
	20
	42
	48
	13
	18
	19
	10
	 


Table 12: [Step 7] Adjust Step 6 values based on JBPF rate (num bands <= 38; with CA)

	Band
	12
	17
	13
	28
	20
	5
	19
	8
	21
	3
	2
	4
	1
	7
	39
	40
	41
	38

	TRP
	8.5
	6.5
	6.0
	9.0
	6.5
	6.5
	6.0
	6.5
	9.5
	8.0
	7.0
	7.5
	8.5
	7.5
	9.0
	7.5
	8.0
	8.0

	TRS
	-87.0
	-82.5
	-83.0
	-86.5
	-84.0
	-81.0
	-83.0
	-83.5
	-85.5
	-86.0
	-86.5
	-86.0
	-86.0
	-82.5
	-82.0
	-81.0
	-81.0
	-81.0

	TRP
	100%
	92%
	100%
	100%
	94%
	93%
	89%
	100%
	100%
	97%
	91%
	95%
	96%
	97%
	92%
	94%
	95%
	100%
	86%

	TRS
	100%
	96%
	92%
	100%
	94%
	100%
	94%
	100%
	100%
	97%
	95%
	90%
	95%
	94%
	92%
	94%
	100%
	100%
	90%

	Both
	100%
	92%
	92%
	100%
	91%
	93%
	94%
	100%
	100%
	95%
	90%
	90%
	95%
	94%
	92%
	94%
	95%
	100%
	86%

	Num
	7
	24
	12
	7
	33
	27
	17
	18
	12
	64
	21
	20
	42
	48
	13
	18
	19
	10
	 

	TRP
	
	
	
	
	3.0
	1.0
	3.0
	
	2.0
	4.0
	4.5
	
	4.0
	5.0
	
	
	
	
	

	TRS
	
	
	
	
	
	
	
	
	
	1.0
	
	
	2.5
	5.0
	
	
	
	
	


Proposal 5: Set the multi-band with CA delta to the values & bands shown in Table 12.

We note that by applying the same data availability rule (data for greater than 6 devices is available), TRP and TRS values can be defined for more bands with the CA+multi-band applicability.  This raises the question of how to define the baseline requirement for these bands.  Three options can be considered to address this question:

Option 1: To define requirements for newly involved bands, but these requirements are not part of the baseline requirements.

Option 2: These newly involved bands are not taken into account, i.e., still keep the band number same as baseline.

Option 3: The baseline TRP/TRS values for bands which do not have sufficient data matching the baseline data filter but do have sufficient data matching the CA+multi-band filter are extrapolated from nearest bands for which baseline values are defined and then offsets are calculated between the extrapolated baseline values and the results from Step 7 of the JBPR framework.

We note that Options 1 and 3 make full use of the data available, while Option 2 restricts the outcome of the activity. Furthermore, artificially restricting the number of bands used in the analysis introduces a potential bias to the resulting requirement by checking the joint passing rate across a fewer number of bands.
Proposal 6: Proposals on how to handle the cases when enough data is available to derive TRP/TRS values for the multi-band with CA case but not the baseline are needed.

2.5
Minimum requirement
It has been observed that the avg-min delta varies depending on the number of bands and CA architecture of the device.  It is recommended to utilize different deltas, such as 2 dB for TRP & 3 dB for TRS in the baseline case and 3 dB for TRP & 4 dB for TRS in the multi-band with CA case.  Further discussion and analysis could be helpful.

Proposal 7: The avg-min delta may be dependent on the number of supported bands and CA architecture.  It is proposed to discuss and agree these deltas during the next meeting.
3
Proposals
The following proposals have been presented in this paper:
Proposal 1: The target joint passing rate is 90%; the analysis aims to achieve this passing rate for both TRP and TRS across all applicable bands in the analysis.

Proposal 2: Set the baseline TRP/TRS average values to the values & bands shown in Table 4.

Proposal 3: Set the CA delta (same number of supported bands as the baseline) to the values & bands shown in Table 7.

Proposal 4: Set the multi-band without CA delta to 0 for the bands listed in Table 9.

Proposal 5: Set the multi-band with CA delta to the values & bands shown in Table 12.

Proposal 6: Proposals on how to handle the cases when enough data is available to derive TRP/TRS values for the multi-band with CA case but not the baseline are needed.

Proposal 7: The avg-min delta may be dependent on the number of supported bands and CA architecture.  It is proposed to discuss and agree these deltas during the next meeting.
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Handheld UE requirements are defined for roaming bands for the speech position (beside the head and beside the head and hand) and hand phantom browsing mode position. Laptop mounted equipment requirements are defined for roaming bands for the data transfer position (laptop ground plane phantom). Laptop embedded equipment requirements are defined for roaming bands for the data transfer position (free space).





All bands are potential roaming bands, and the requirements for roaming bands shall therefore be fulfilled for all bands supported by a UE/MS.


�Requirements for operating bands are dependent on how the network has been built and are thus operator specific and cannot be specified here. Recommended performance values for operating bands (Annex B) are however included in this specification for information. It should be recognised that the ability to meet the recommended performance values depends on the number of frequency bands supported by the UE/MS.





Agreements:


Carrier Aggregation


Two sets of measurements (CA, non-CA) shall be provided to derive CA, non-CA and overall CDFs


The decision of which and how many requirements to adopt shall be matter of discussion during next meeting, and be supported by the observation of the provided measurements. 


A device supporting only intra-band contiguous CA shall be considered as a non CA device.


Population size


No modifications to current framework, i.e., current framework applies. No weighting/scaling


Industrial design


It is encouraged to provide a mix of devices with different industrial designs and not only from one type


Age of data


Companies are encouraged to provide a histogram on a per year basis based on the measurements provided


Further aspects to improve the framework are FFS (e.g. statistical confidence level of the data sets)


Frequency Bands


The following bands shall be considered for TRP TRS requirement definition with high priority, for which measurements shall be provided according to the work plan in slide 6:


[1, 2, 3, 4, 5, 7, 8, 11, 12, 13, 18, 19, 20, 21, 25, 26, 28, 39, 40, 41, 66]


If measurements are not provided for some of the listed bands, the WI shall focus on those bands for which data is available


Other bands can be added if group agrees


Whether and how to define requirements for other bands, not listed above, based on any form of extrapolation is FFS


How to define requirements for bands in similar frequency range needs further discussion and is FFS (point 2 above).


How to consider number of measured bands vs supported bands in tested devices is FFS and to be discussed next meeting.


Device Type and Test Conditions


Based on available measurements, priority to smartphone and tablet types of device


Test conditions priority (for smartphone):


Hand and head phantom 


Hand phantom


Big hand phantom shall not be treated at this moment





Following options have been identified for addressing the multi-band support in UE:


To improve current framework considering proposal of joint pass/fail criteria (ref. R4-1700442 and R4-1700564).


To derive an alternative approach.


To keep the current framework as it is, i.e. no updates.


Following critical issues have been identified for option 1 above (i.e. joint pass/fail criteria):


Selection of bands for initial application of methodology


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? 


How do test tolerance considerations relate to the methodology?


How does the methodology work in case of data already available in RAN4 (mainly region based)?


Agreements


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.





Baseline LTE BHH TRP/TRS values are defined on a per-band basis exploiting available data in RAN4 and considering a baseline applicability condition on inter-band CA support (yes/no) and supporting up to a maximum number of bands (*) NBmax. Applicability condition will be reflected in a note in the table.


Baseline LTE BHH TRP/TRS values above are evaluated considering following elements:


Results of joint-band pass/fail rate in UE (ref. R4-1702929), based on available data in RAN4.


Impacts on coverage of network.


Baseline LTE BHH TRP/TRS requirements are defined fine-tuning baseline LTE BHH TRP/TRS values in order to reflect above evaluations. Further evaluations are possible.


In order to cover applicability conditions different than baseline one, offsets to baseline LTE BHH TRP/TRS requirements are defined, as described in next slide.


(*) Number of supported bands includes both GSM, CDMA, UMTS and LTE bands regardless of duplicated cases.


Offsets to baseline LTE BHH TRP/TRS requirements are defined in order to take into account following technical elements:


Inter-band Carrier Aggregation support: factors ΔCA,T for TRP and ΔCA,R for TRS are defined; how to define such factors is FFS; one example is provided in R4-1704012.


Multi-band support: factors ΔMB,T for TRP and ΔMB,R for TRS are defined in order to take into account performance degradation with increasing number of supported bands in UE, higher than NBmax; such factors are band-dependent and whether these offsets apply depend on the number of supported bands and related band range in UE.


Offsets above are used to relax baseline LTE BHH TRP/TRS requirements in order to derive actual BHH TRP/TRS limits for corresponding applicability condition(s). Offsets are summed together. Definition of offset includes evaluations as in slide 3.


Rules for applying offsets to baseline LTE BHH TRP/TRS requirements will be described in the spec.


Further offsets might be added in future, in order to reflect further technical elements that are showed to degrade TRP/TRS performance.
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