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1 Introduction

The new WI of “LTE UE TRP and TRS and UTRA Hand Phantom related UE TRP and TRS Requirements” was approved in RAN#58 [1]. In this contribution we have referenced the progress of LTE OTA test in other organizations e.g. in CTIA.
2 Discussion
In Annex A we have provided all of the chapters of LTE TRP and TRS test in CTIA. From the text we have the following observations: 
1. In order to measure LTE TRP and TRS, the CTIA test plan adds the definition of RB allocation and the maximum bandwidth, according to TS series in 3GPP. This depends on the characteristics of LTE.
2. The test method, including test procedure, for LTE TRP is more or less the same as in the former releases. This is the same as description in TR 37.902.
3. LTE TRS test with/without complex pattern data can carry out the TRS test of LTE. LTE TRS test without complex pattern data is the traditional test method, and it spends more time for more accurate result. LTE TRS test with complex pattern data provides the other way, which is quickly and could be used for multi antennas. For UEs with multi receiver antennas, we should consider the total TRS or individual antenna characteristic. For diversity application, we will consider the diversity gain.  In order to distinguish different antennas, the better antenna between the two receiving antennas is always identified as the primary antenna, and the weaker antenna is the secondary antenna.  We can test each antenna performance and calculate the total TRS. It should be noted that RF IC has the corresponding function to control and choose the required antenna for completing the test work.
It is also introduced to test TRS with both antennas working simultaneously, thus getting the whole characteristic of the antenna of UE.
In the first phase of LTE OTA test, we can just consider the basic test method. Then, we can extend and add some test contents, as diversity or other functions, into the specification, according to the real application scenario.
3 Conclusion

In this contribution we have informed the progress of LTE OTA test in other organizations and discussed the test method for multi antennas.
4 Reference
[1] CTIA version3.2
[2] CTIA version3.1

[3] TR 37.902

[4] CCSA YD/T 1484

5 Annex A
Chapters in CTIA Version 3.2 about LTE OTA

5.8 LTE-TRP
5.8.1 Test Procedure
The measurement site and EUT shall be configured as specified in Appendix A. The power radiated by the EUT shall be measured using a calibrated and accurate RF measuring instrument (e.g., Spectrum Analyzers/Measurement Receivers/Power Meter).
Note: See Appendix D for power measurement considerations.
The conducted power of the EUT shall also be measured at the antenna connector, if available, on all frequencies and resource block (RB) allocations defined for the radiated testing. It is preferable that the EUT utilized for conducted power measurements be the same EUT as that utilized for radiated TRP measurements. However, if the EUT does not readily support an antenna port for conducted measurements, a separate modified EUT of the same model and version may be provided for all conducted measurements. If no connector is available, the conducted power measurement is not required. Ideally, the EUT's conducted power measurement will be performed using the same instrumentation as that used to measure the EUT's radiated performance (in an equivalent configuration) to minimize the measurement uncertainty involved. A different power measurement device may be used as long as any differences in absolute measurement accuracy are accounted for, either in corrections to the recorded power or increased reported measurement uncertainty for the conducted measurement. Refer to Appendix A.3 for more information on conducted power measurements and cabling setups.
The LTE system simulator and EUT shall be configured per 3GPP TS 36.521-1, Section 6.2 (UE Maximum Output Power) using the default settings specified in 3GPP TS 36.521-1 and 3GPP TS 36.508 as applicable. The test procedure in section 6.2 of 3GPP TS 36.521-1 shall be used to measure the UE output power.
Tests shall be carried out for different frequency (UL -uplink /DL -downlink) pairs and RB allocations across the bands supported by the EUT, as defined in Table 5-20.
TABLE  5-20 LTE TRP MEASUREMENTS TABLE FOR THE PRIMARY MECHANICAL MODE1 2
	Band
	Channel Bandwidth (MHz)
	Channel
	Designation
	TX Frequency (MHz) [center of UL RB
allocation]
	UL RB Allocation
	DL RB Allocation

	2
	10
	18650
	CH4-TX
	1851.58
	12 RB with RBstart=0
	None, control only3

	
	10
	18900
	CH5-TX
	1880
	12 RB with RBstart=19
	None, control only3

	
	10
	19150
	CH6-TX
	1908.42
	12 RB with RBstart=38
	None, control only3

	4
	10
	20000
	CH8-TX
	1711.58
	12 RB with RBstart=0
	None, control only3

	
	10
	20175
	CH9-TX
	1732.5
	12 RB with RBstart=19
	None, control only3

	
	10
	20350
	CH10-TX
	1753.42
	12 RB with RBstart=38
	None, control only3

	5
	10
	20450
	CH1-TX
	825.58
	12 RB with RBstart=0
	None, control only3

	
	10
	20525
	CH2-TX
	836.5
	12 RB with RBstart=19
	None, control only3

	
	10
	20600
	CH3-TX
	847.42
	12 RB with RBstart=38
	None, control only3

	12
	10
	23060
	CH11-TX
	700.58
	12 RB with RBstart=0
	None, control only3

	
	10
	23095
	CH12-TX
	707.5
	12 RB with RBstart=19
	None, control only3

	
	10
	23130
	CH13-TX
	714.42
	12 RB with RBstart=38
	None, control only3

	13
	10
	23230
	CH17-TX
	778.58
	12 RB with RBstart=0
	None, control only3

	
	10
	23230
	CH18-TX
	782
	12 RB with RBstart=19
	None, control only3

	
	10
	23230
	CH19-TX
	785.42
	12 RB with RBstart=38
	None, control only3

	14
	10
	23330
	CH20-TX
	789.58
	12 RB with RBstart=0
	None, control only3

	
	10
	23330
	CH21-TX
	793
	12 RB with RBstart=19
	None, control only3

	
	10
	23330
	CH22-TX
	796.42
	12 RB with RBstart=38
	None, control only3

	17
	10
	23780
	CH14-TX
	705.58
	12 RB with RBstart=0
	None, control only3

	
	10
	23790
	CH15-TX
	710
	12 RB with RBstart=19
	None, control only3

	
	10
	23800
	CH16-TX
	714.42
	12 RB with RBstart=38
	None, control only3

	25
	5
	26065
	CH23-TX
	1850.97
	8 RB with RBstart=0
	None, control only3

	
	5
	26365
	CH24-TX
	1882.41
	8 RB with RBstart=8
	None, control only3

	
	5
	26665
	CH25-TX
	1914.03
	8 RB with RBstart=17
	None, control only3

	Note 1: Primary Mechanical Mode refers to device configured in preferred mode per manufacturer instructions (typically means antenna extended, fold or portrait slide open, but depends on form factor).

Note 2: If the device supports Band 25 and Band 2, then testing is only required to be completed in Band 25. The test requirements and data comparison between Bands 2 and 25 will not be directly comparable due to the usage of different RF channel bandwidths.

Note 3: As per 3GPP TS 36.521-1, Section 6.2 (UE Maximum Output Power)


Head and hand phantom, hand phantom only and/or free-space testing shall be conducted based on device type, as specified in Appendix O. Refer to Appendix C for head/hand testing requirements. Perform each test on all specified frequencies and RB allocations with the EUT antenna extended and retracted, as applicable. 
Note: Head-adjacent testing is only required for LTE if the EUT supports usage against the head while utilizing an LTE airlink (e.g., VoIP). 
5.8.2 Criteria
Results shall be reported as specified in Appendix B using the figures of merit given in Appendix B.2. Reports shall include results for free-space and head/hand configurations (if applicable) across all channels and RB allocations measured with the EUT in primary mechanical mode, and (if applicable) in secondary mechanical modes as reference information.
TABLE  5-21 LTE TRP CRITERIA TABLE FOR THE PRIMARY MECHANICAL MODE
	Band
	Device Held to Head for Voice
	Free Space
	BHHL and BHHR
	HL and HR

	LTE Band 12
	Yes2
	TBD
	TBD
	TBD

	
	No3
	TBD
	N/A
	N/A

	LTE Band 17
	Yes2
	TBD
	TBD
	TBD

	
	No3
	TBD
	N/A
	N/A

	LTE Band 13
	Yes2
	TBD
	TBD
	TBD

	
	No3
	TBD
	N/A
	N/A

	LTE Band 14
	Yes2
	TBD
	TBD
	TBD

	
	No3
	TBD
	N/A
	N/A

	LTE Band 5
	Yes2
	TBD
	TBD
	TBD

	
	No3
	TBD
	N/A
	N/A

	LTE Band 2
	Yes2
	TBD
	TBD
	TBD

	
	No3
	TBD
	N/A
	N/A

	LTE Band 25
	Yes2
	TBD
	TBD
	TBD

	
	No3
	TBD
	N/A
	N/A

	LTE Band 4
	Yes2
	TBD
	TBD
	TBD

	
	No3
	TBD
	N/A
	N/A

	Note 1: Primary Mechanical Mode refers to device configured in preferred mode per manufacturer instructions (typically means antenna extended, fold or portrait slide open, but depends on form factor).

Note 2: “Yes” applies if the device supports voice operation in the talking position against the head in any cellular radio mode.

Note 3: “No” would be applicable to data-centric devices that are not held up against the head, e.g., embedded laptop solutions.


TABLE  6-5   UMTS MINIMUM TIS LEVEL (IN DBM) RECOMMENDED LIMITS FOR THE
PRIMARY MECHANICAL MODE1
	Band
	Device Held Up to Head for Voice (Yes/No)
	Device Power Class
	FS
	BH (BHL
and BHR)
	BHHR
	HR

	UMTS 2100/1700
	Yes2
	3
	-105
	TBD
	TBD
	TBD

	
	
	4
	-105
	TBD
	TBD
	TBD

	
	No3
	3
	-105
	N/A
	N/A
	N/A

	
	
	4
	-105
	N/A
	N/A
	N/A

	Note 1: Primary Mechanical Mode refers to device configured in preferred mode per manufacturer instructions (typically means antenna extended, fold or portrait slide open, but depends on form factor).

Note 2: “Yes” applies if the device supports voice operation in the talking position against the head in any cellular radio mode.

Note 3: “No” would be applicable to data-centric devices that are not held up against the head, e.g., embedded laptop solutions.


6.8 LTE-TIS
6.8.1 Test Procedure without Complex Pattern Data
Receiver sensitivity measurements shall be performed using data throughput as the measurement metric. The EUT's receiver sensitivity corresponds to the minimum downlink signal power required to provide a data throughput rate greater than or equal to 95% of the maximum throughput of the reference measurement channel. Receiver sensitivity measurements shall be performed for each receiver independently, i.e., the other receivers in the EUT shall be disabled during the sensitivity search for a given receiver. Refer to Appendix A for set-up illustrations.
The conducted sensitivity of the EUT shall also be measured at the antenna connector, if available, at all frequencies and resource block (RB) allocations defined for the radiated testing. The conducted sensitivity shall be performed for each receiver independently, i.e., the opposite receiver in the EUT shall not contribute any noise during the sensitivity search for a given receiver. (The test platform may terminate the unused receiver in 50 ohms or present AWGN to the unused receiver at a power level equal to the downlink signal level presented to the receiver under test.). It is preferable that the EUT be the same as that utilized for the TIS measurements. However, if the EUT does not readily support antenna ports for conducted measurements, a separate modified EUT of the same model and version may be provided for all conducted measurements. If no connectors are available, the conducted sensitivity measurement is not required. Ideally, the conducted sensitivity measurement will be performed using the same instrumentation in an equivalent configuration as the radiated measurements in order to minimize the uncertainty involved. A different device may be used for the sensitivity measurement as long as any differences in absolute measurement accuracy are accounted for, either in corrections to the recorded sensitivity level or increased reported measurement uncertainty for the conducted measurement. Refer to Appendix A.3 for more information on conducted sensitivity measurements and cabling setups.
The LTE system simulator and EUT shall be configured per section 7.3 (Reference Sensitivity Level) of 3GPP TS 36.521-1 using the defaults specified in 3GPP TS 36.521-1 and 3GPP TS36.508 as applicable, with the exception that all receivers in the EUT other than the receiver under test shall be disabled. For a given downlink RF power level, throughput shall be measured using the test procedure in section 7.3 of 3GPP TS 36.521-1 using the downlink and uplink reference measurement channels defined in Annexes A.2.2, A.2.3, and A.3.2 of 3GPP TS 36.521-1 and Table 6-6. The LTE system simulator shall send continuous uplink power control “up” commands to the EUT to ensure the EUT's transmitter is at maximum output power during the sensitivity searches. The downlink power step size shall be no more than 0.5 dB when the RF power level is near the LTE sensitivity level. The minimum RF power level resulting in a data throughput rate greater than or equal to 95% of the maximum throughput of the reference measurement channel shall be recorded as the downlink power level corresponding to the 95% throughput percentage (the data throughput rate is as defined in section 7.3 of 3GPP TS 36.521-1). Care must be taken to ensure that the duration of the throughput measurement is sufficient to achieve statistical significance according to Annex
G.2 of 3GPP TS 36.521-1. The downlink signal level for each EUT test condition shall be recorded for integration pursuant to Appendix B.2 to give a single figure of merit referred to as Total Isotropic Sensitivity (TIS). TIS shall be calculated for each receiver independently. 

Typically, the maximum deviation in receive level measurements from peak to null of any one channel does not exceed 30 dB. Therefore, the test facility may elect to initiate each sensitivity measurement starting with the base station power set 30 dB above the lowest sensitivity level measured in order to reduce the time required to search for the sensitivity floor. For points where this setting is below the target sensitivity level, the sensitivity may be considered negligible for that location and the initial value used in place of an actual measurement. 

TIS shall be fully measured as described above and calculated pursuant to Appendix B.2. TIS measurements shall be carried out for different frequency (UL -uplink /DL -downlink) pairs and RB allocations across the bands supported by the EUT, as defined in Table 6-6. TIS results shall be based on total channel power. 

TABLE  6-6   LTE TIS MEASUREMENTS TABLE FOR THE PRIMARY MECHANICAL MODE1 2
	Band
	Channel Bandwidth (MHz)
	Channel
	Designation
	RX
Frequency (MHz)
[center of DL RB
allocation]
	UL RB Allocation
	DL RB Allocation

	2
	10
	650
	CH4-RX
	1935
	50 RB with RBstart=0
	50 RB with RBstart=0

	
	10
	900
	CH5-RX
	1960
	50 RB with RBstart=0
	50 RB with RBstart=0

	
	10
	1150
	CH6-RX
	1985
	50 RB with RBstart=0
	50 RB with RBstart=0

	4
	10
	2000
	CH8-RX
	2115
	50 RB with RBstart=0
	50 RB with RBstart=0

	
	10
	2175
	CH9-RX
	2132.5
	50 RB with RBstart=0
	50 RB with RBstart=0

	
	10
	2350
	CH10-RX
	2150
	50 RB with RBstart=0
	50 RB with RBstart=0

	5
	10
	2450
	CH1-RX
	874
	25 RB with RBstart=25
	50 RB with RBstart=0

	
	10
	2525
	CH2-RX
	881.5
	25 RB with RBstart=25
	50 RB with RBstart=0

	
	10
	2600
	CH3-RX
	889
	25 RB with RBstart=25
	50 RB with RBstart=0

	12
	10
	5060
	CH11-RX
	734
	20 RB with RBstart=30
	50 RB with RBstart=0

	
	10
	5130
	CH13-RX
	741
	20 RB with RBstart=30
	50 RB with RBstart=0

	13
	10
	5230
	CH18-RX
	751
	15 RB with RBstart=0
	50 RB with RBstart=0

	14
	10
	5330
	CH21-RX
	763
	20 RB with RBstart=0
	50 RB with RBstart=0

	17
	10
	5800
	CH15-RX
	741
	20 RB with RBstart=30
	50 RB with RBstart=0

	25
	5
	8065
	CH23-RX
	1932.5
	25 RB with RBstart=0
	25 RB with RBstart=0

	
	5
	8365
	CH24-RX
	1962.5
	25 RB with RBstart=0
	25 RB with RBstart=0

	
	5
	8665
	CH25-RX
	1992.5
	25 RB with RBstart=0
	25 RB with RBstart=0

	Note 1: Primary Mechanical Mode refers to device configured in preferred mode per manufacturer instructions (typically means antenna extended, fold or portrait slide open, but depends on form factor).

Note 2: If the device supports Band 25 and Band 2, then testing is only required to be completed in Band 25. The test requirements and data comparison between Bands 2 and 25 will not be directly comparable due to the usage of different RF channel bandwidths.


TABLE  6-7   UPLINK REFERENCE MEASUREMENT CHANNEL TABLE (UPLINK REFERENCE MEASUREMENT CHANNELS ARE PER ANNEXES A.2.2 AND A.2.3 OF 3GPP TS 36.521-1 WITH THE EXCEPTIONS NOTED IN THE TABLE FOR BAND 13)
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	10

	Allocated resource blocks
	
	15

	DFT-OFDM Symbols per subframe
	
	12

	Modulation
	
	QPSK

	Target Coding rate
	
	1/3

	Payload size
	Bits
	1320

	Transport block CRC
	Bits
	24

	Number of code blocks - C
	
	1

	Code block CRC size
	Bits
	0

	Total number of bits per sub-frame
	Bits
	4320

	Total symbols per sub-frame
	
	2160

	UE Category
	
	1-5


For the TIS test, head and hand phantom, hand phantom only and/or free-space testing shall be conducted based on device type, as specified in Appendix O. Refer to Appendix C for head/hand testing requirements. Perform each test on all specified frequencies with the EUT antenna extended and retracted, as applicable. 

Note: Head-adjacent testing is only required for LTE if the EUT supports usage against the head while utilizing an LTE airlink (e.g., VoIP). 

Intermediate  channel  measurements  shall  performed  for  applicable  bands  as  detailed  in Section 6.8.3. 

6.8.2 Test Procedure with Complex Pattern Data
The antenna pattern and receiver sensitivity shall be measured for each receiver in the EUT using the RSS procedure defined in Section 6.17, “Alternate TIS Test Procedure based on Receive Signal Strength (RSS).” The measurement site and EUT shall be configured as specified in Appendix A. The RSS pattern measurement shall also include relative phase data based on the LTE downlink reference symbols if a complex antenna pattern is requested by the operator or device vendor (use of the relative phase data is beyond the current scope of this document); otherwise relative phase may be omitted in the procedure below. To reduce measurement uncertainty, pattern measurements shall be taken at each point on the sphere for both receivers without re-positioning. During pattern measurements, the downlink signal level shall be set to REFSENS + 45 dB where REFSENS is as defined in 3GPP TS 36.101 for the given band and channel bandwidth. Closed loop power control shall be enabled for the uplink to keep the UE transmit power at or below -10 dBm during the complex pattern measurement. The angular sampling rate for the pattern measurement shall be 15 degrees in both the theta (θ) and phi (φ) axes (data points are not required for theta axis values greater than 165 degrees). Upon completion of a transition from one point on the sphere to another point on the sphere, the test platform shall wait 100 ms (i.e., settling time) before considering complex antenna pattern data at the UE to be valid. 

Note: (for information purposes only): Although outside the scope of this test plan, it is recommended that devices submitted for LTE TIS testing using RSS procedures meet the following requirements. For LTE, RSSI shall be as defined in section 5.1.3 of 3GPP TS 36.214. For each receiver, the UE shall average RSSI measurements across at least one subframe but not more than 10 subframes. The absolute accuracy of RSSI measurements shall be +/- 6 dB or better (i.e. same requirement as for RSRP in 3GPP TS 36.133). If complex antenna pattern data is requested by the operator or device vendor, the UE shall measure the relative phase (i.e. the phase difference between the two receivers) based on the I-Q values for the reference symbols; otherwise relative phase may be omitted. The UE shall average the relative phase measurements across all the reference symbols in at least one subframe but not more than 10 subframes. The relative phase accuracy (i.e. the accuracy of the phase difference between the two receivers) shall be +/- 2 degrees or better. The UE shall simultaneously compute RSSI for both receivers and relative phase between the receivers (for a given point on the sphere) over the same period of time. The UE shall average all RSSI and relative phase measurements over the same time interval. 

The RSS pattern data shall be linearized using the procedure in Section 6.17.2. 

The sensitivity search in Section 6.17.3 shall be performed for each receiver independently, i.e., the other receivers in the EUT shall be disabled during the sensitivity search for a given receiver. Receiver sensitivity measurements shall be performed using the LTE system simulator to determine the EUT's receiver sensitivity by reporting the minimum downlink power resulting in a data throughput rate that is greater than or equal to 95% of the maximum throughput of the reference measurement channel (the data throughput rate is as defined in section 7.3 of 3GPP TS 36.521-1). The LTE system simulator and EUT shall be configured per section 7.3 (Reference Sensitivity Level) of 3GPP TS 36.521-1 using the defaults specified in 3GPP TS 36.521-1 and 3GPP TS 36.508 as applicable with the exception that all receivers in the EUT other than the receiver under test shall be disabled. For a given downlink RF power level, throughput shall be measured using the test procedure in section 7.3 of 3GPP TS 36.521- 1 using the downlink and uplink reference measurement channels defined in Annexes A.2.2, A.2.3, and A.3.2 of 3GPP TS 36.521-1 and Table 6-6. The LTE system simulator shall send continuous uplink power control “up” commands to the EUT to insure the EUT's transmitter is at maximum output power during the sensitivity searches. The downlink power step size shall be no more than 0.5 dB when the RF power level is near the LTE sensitivity level. The minimum RF power level resulting in a data throughput rate greater than or equal to 95% of the maximum throughput of the reference measurement channel shall serve as the sensitivity measurement for that antenna position (the data throughput rate is as defined in section 7.3 of 3GPP TS 36.521-1). Care must be taken to ensure that the duration of the throughput measurement is sufficient to achieve statistical significance according to Annex G.2 of 3GPP TS 36.521-1 for each EUT test condition. TIS shall be calculated for each receiver using the procedure in Section 6.17.6. 

The conducted sensitivity of the EUT shall also be measured at the antenna connectors, if available, at all frequencies and RB allocations defined for the radiated testing. The conducted sensitivity shall be performed for each receiver independently, i.e., the other receivers in the EUT shall not contribute any noise during the sensitivity search for a given receiver (The test platform may terminate the unused receiver in 50 ohms or present AWGN to the unused receiver at a power level equal to the downlink signal level presented to the receiver under test.). It is preferable that the EUT be the same as that utilized for the TIS measurements. However, if the EUT does not readily support antenna ports for conducted measurements, a separate modified EUT of the same model and version may be provided for all conducted measurements. If no connectors are available, the conducted sensitivity measurement is not required. Ideally, the conducted sensitivity measurement will be performed with the same instrumentation as that used during radiated measurements (in an equivalent configuration) to minimize the measurement uncertainty involved. A different device may be used for the sensitivity measurement device as long as any differences in absolute measurement accuracy are accounted for, either in corrections to the recorded sensitivity level or increased reported measurement uncertainty for the conducted measurement. Refer to Appendix A.3 for more information on conducted sensitivity measurements and cabling setups. 

Pattern measurements shall be carried out for different frequency pairs and RB allocations across the bands supported by the EUT, as defined in Table 6-6. TIS measurements shall be carried out for different frequency pairs and RB allocations across the bands supported by the EUT, as defined in Table 6-6. TIS results shall be based on total channel power. 

For the TIS test, head and hand phantom, hand phantom only and/or free-space testing shall be conducted based on device type, as specified in Appendix O. Refer to Appendix C for head/hand testing requirements. Perform each test on all specified frequencies with the EUT antenna extended and retracted, as applicable. 

Note: Head-adjacent testing is only required for LTE if the EUT supports usage against the head while utilizing an LTE airlink (e.g., VoIP). 

Intermediate  channel  measurements  shall  performed  for  applicable  bands  as  detailed  in

Section 6.8.3. 
6.8.3 LTE Intermediate Channel Measurements
Relative sensitivity measurements are not required in all bands. Bands for which intermediate channel measurements apply and the test frequencies to be used are specified in Appendix K.4. 

Procedure for measuring relative sensitivity on intermediate channels (refer Figure 6-1): 

1. Move the EUT and chamber positioner(s) to the location & polarization resulting in the best-radiated free-space sensitivity measured for the closest, in frequency, fully measured channel (low, mid, high), now used as a Reference Channel. A single orientation may be used for all three Reference Channels, provided that the measured radiated sensitivity of that orientation for each reference channel is within 3 dB of the best sensitivity measured for that channel. It is important that the level to be measured is well away from any nulls in the pattern to minimize the uncertainty introduced by any positioning repeatability.
2. Note the downlink power level which corresponds to the EUT's peak free-space radiated sensitivity as described in Step 1 above, which will be referred to as FS EIS(peak). Next, determine the margin, M1, in dB, between the EUT's measured TIS and the corresponding TIS limit in Table 6-8. If the device doesn't meet the required TIS limit, then set M1=0.  Adjust the digital call simulator to the RF power level calculated by the following formula:
EQUATION  6.16
Downlink Signal Power low (dBm) = FS EIS(peak low) (dBm) + M1 low (dB) +3 (dB) 
For example, if the EUT's FS EIS(peak low) was -108 dBm on the low-frequency reference channel, the EUT's low-frequency reference channel FS TIS low was -104 dBm, and the FS TIS limit is -100 dBm, we have:
(-108 (dBm) + 4 (dB) + 3 (dB)) dBm = -101 dBm
In this example, the signal generator would be set to -101 dBm for all intermediate channels associated with the low-frequency reference channel as shown in Figure 6-1.
Note that M1 low, M1 mid, and M1 high can vary depending on how much the FS TIS of each channel exceeds the FS TIS limit.
3. Without changing the RF signal level, change the frequency of the base station simulator such that it is operating on a defined intermediate channel.

4. Throughput of the EUT shall be measured using the test procedure in section 7.3 of 3GPP TS 36.521-1 using the downlink and uplink reference measurement channels defined in Annexes A.2.2, A.2.3, and A.3.2 of 3GPP TS 36.521-1 and Table 6-13 of this document with the exception that all receivers in the EUT other than the receiver under test shall be disabled (the data throughput rate is as defined in section 7.3 of 3GPP TS 36.521-1). The LTE system simulator shall send continuous uplink power control “up” commands to the EUT to ensure the EUT's transmitter is at maximum output power. The measured throughput rate shall be greater than or equal to 95% of the maximum throughput of the reference measurement channel. Care must be taken to ensure that the duration of the throughput measurement is sufficient to achieve statistical significance according to Annex G.2 of 3GPP TS 36.521-1.
5. Repeat steps 2 through 4 of this procedure for all remaining intermediate channels, taking the EUT's measured FS TIS on the low, mid and high-frequency reference channels into account when calculating the downlink signal power level according to Equation 6.16.
6. Report the free-space pass/fail status of each intermediate channel listed in Appendix K.4 For both the full TIS test and the intermediate channel tests, free- space testing shall be conducted based on device type, as specified in Appendix O. Perform each test on all specified frequencies with the EUT antenna extended and retracted, as applicable.
7. If the device must be tested in the BHHR position, then move the EUT and chamber positioner(s) to the location and polarization resulting in the best-radiated BHHR sensitivity measured for the closest, in frequency, fully measured channel (low, mid, high), now used as a Reference Channel. A single orientation may be used for all three Reference Channels, provided that the measured radiated sensitivity of that orientation for each reference channel is within 3 dB of the best sensitivity measured for that channel. It is important that the level to be measured is well away from any nulls in the pattern to minimize the uncertainty introduced by any positioning repeatability.
8. Devices which must be tested in the BHHR position shall be evaluated for intermediate channel performance using a Pass/Fail limit provided by the following formula:
EQUATION  6.17
BHHR TIS Pass/Fail limit low (dBm) = FS TIS Pass/Fail limit (dBm) + (EUT BHHR TIS low (dBm) - EUT FS TIS low (dBm)) 

For example, if the FS TIS limit is -100 dBm, the EUT BHHR TIS low on the low- frequency reference channel is -99 dBm, and the EUT FS TIS low on the low- frequency reference channel is -104 dBm, we have: 
 (-100 (dBm) + (-99 (dBm) - (-104 (dBm)))) dBm = -95 dBm

In this example, -95 dBm would be the BHHR TIS Pass/Fail Limit low used when repeating Steps 1 through 6 above with the EUT in the BHHR position for all intermediate channels associated with the low-frequency reference channel as shown in Figure 6-1. Note that BHHR TIS Pass/Fail limit low, BHHR TIS Pass/Fail limit mid and BHHR TIS Pass/Fail limit high can be different.
9. Note the  downlink  power  level which  corresponds  to  the EUT's  peak BHHR radiated sensitivity as described in Step 7 above, which will be referred to as BHHR EIS(peak). Next, determine the margin, M2, in dB, between the EUT's measured TIS and the corresponding TIS limit determined in Step 8. If the device doesn't meet the TIS limit, then set M2=0.  Adjust the digital call simulator to the RF power level calculated by the following formula:
EQUATION  6.18
Downlink Signal Power low (dBm) = BHHR EIS(peak low) (dBm) + M2 low (dB) +3 (dB)
For example, if the EUT's BHHR EIS(peak low) was -100 dBm on the low-frequency reference channel, the EUT's low-frequency reference channel BHHR TIS low was
-96 dBm, and the BHHR TIS low limit is -92 dBm, we have: (-100 (dBm) + 4(dB) + 3 (dB)) dBm = -93 dBm
In this example, the signal generator would be set to -93 dBm for all intermediate channels associated with the low-frequency reference channel as shown in   Figure 6-1.
Note that M2 low, M2 mid, and M2 high can be different.
10. Without changing the RF signal level, change the frequency of the base station simulator such that it is operating on a defined intermediate channel.

11. Throughput of the EUT shall be measured using the test procedure in section 7.3 of 3GPP TS 36.521-1 using the downlink and uplink reference measurement channels defined in Annexes A.2.2, A.2.3, and A.3.2 of 3GPP TS 36.521-1 and Table 6-13 of this document with the exception that all receivers in the EUT other than the receiver under test shall be disabled (the data throughput rate is as defined in section 7.3 of 3GPP TS 36.521-1). The LTE system simulator shall send continuous uplink power control “up” commands to the EUT to ensure the EUT's transmitter is at maximum output power. The measured throughput rate shall be greater than or equal to 95% of the maximum throughput of the reference measurement channel. Care must be taken to ensure that the duration of the throughput measurement is sufficient to achieve statistical significance according to Annex G.2 of 3GPP TS 36.521-1.
12. Repeat steps 7 through 9 of this procedure for all remaining intermediate channels, taking the EUT's measured FS TIS and BHHR TIS on the low, mid and high- frequency reference channels into account when calculating the downlink signal power level according to Equation 6.17.
13. Report the BHHR pass/fail status of each intermediate channel listed in Appendix K.4. For both the full TIS test and the intermediate channel tests, head/hand testing shall be conducted based on device type, as specified in Appendix O. Refer to Appendix C for head/hand testing requirements. Perform each test on all specified frequencies with the EUT antenna extended and retracted, as applicable.
14. The methodology in Step 8 shall be applied to determine the TIS Pass/Fail Limits for all non-primary mechanical modes for the purpose of performing the intermediate channel desense test.
FIGURE  6-1  ILLUSTRATION OF RELATIVE SENSITIVITY ON INTERMEDIATE  CHANNELS TEST. GREEN LINES INDICATE A PASS-FAIL TEST PERFORMED (MARGIN + 3) DB ABOVE THE CORRESPONDING EIS LEVEL OF THE NEAREST CHANNEL FOR WHICH A FULL TIS MEASUREMENT WAS PERFORMED
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For the intermediate channel tests, head and hand phantom and free-space test configurations shall be conducted based on device type, as specified in Appendix O. Refer to Appendix C for head/hand testing requirements
Perform each test on all specified frequencies with the EUT antenna extended and retracted, as applicable.
Note: Head-adjacent testing is only required for LTE if the EUT supports usage against the head while utilizing an LTE airlink (e.g., VoIP).
6.8.4
Criteria

Results shall be reported as specified in Appendix B using the figures of merit given in Appendix B.2. Reports shall include results for free-space and head/hand configurations (if applicable) across all channels measured with the EUT antenna extended and retracted.
The better antenna between the 2 receiving antennas is always identified as the primary antenna, and the weaker antenna is the secondary antenna. The manufacturer shall identify 1 antenna as “a” and the other antenna as “b”. When either the “a” or “b” antennas is activated dynamically, then the manufacturer must identify this antenna as being active dynamically and include this information in the test report. Antenna “a” or “b” shall be identified as the primary antenna for all test cases having a primary and secondary antenna. The antenna used for transmitting shall be identified as “a”, “b” or “other”.
The branch power difference [BPD] (dB) is defined as the TIS of the secondary antenna (dBm) minus the TIS of the primary antenna (dBm).
Relative sensitivity on intermediate channels test results shall be provided in a file format equivalent to that specified in Appendix B.
The branch power difference for each LTE band shall not exceed the values in Table 6-8.
TABLE 6-8 LTE MAXIMUM TIS LEVEL FOR PRIMARY/SECONDARY RECEIVERS (IN DBM) AND BRANCH POWER DIFFERENCE (IN DB) REQUIREMENTS FOR THE PRIMARY MECHANICAL MODE1
	Band
	Device Held Up to Head for Voice (Yes/No)
	FS
	BHHL and BHHR
	HL and HR

	
	
	Primary Receiver (dBm)
	Secondary Receiver (dBm)
	BPD (dB)
	Primary Receiver (dBm)
	Secondary Receiver (dBm)
	BPD (dB)
	Primary Receiver (dBm)
	Secondary Receiver (dBm)
	BPD (dB)

	LTE Band 12
	Yes2
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	No3
	TBD
	TBD
	TBD
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	LTE Band 17
	Yes2
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	No3
	TBD
	TBD
	TBD
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	LTE Band 13
	Yes2
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	No3
	TBD
	TBD
	TBD
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	LTE Band 14
	Yes2
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	No3
	TBD
	TBD
	TBD
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	LTE Band 5
	Yes2
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	No3
	TBD
	TBD
	TBD
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	LTE Band 2
	Yes2
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	No3
	TBD
	TBD
	TBD
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	LTE Band 25
	Yes2
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	No3
	TBD
	TBD
	TBD
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	LTE Band 4
	Yes2
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	No3
	TBD
	TBD
	TBD
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Note 1: Primary Mechanical Mode refers to device configured in preferred mode per manufacturer instructions (typically means antenna extended, fold or portrait slide open, but depends on form factor).

Note 2: “Yes” applies if the device supports voice operation in the talking position against the head in any cellular radio mode.

Note 3: “No” would be applicable to data-centric devices that are not held up against the head, e.g., embedded laptop solutions.







































































































































































































































































1
































2
1

