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1. Introduction
In this input we analyse how much REFSENS and/or UL RB allocation relaxations are needed assuming different antenna/port isolation values for the REFSENS test. From the last adhoc on the antenna coupling in the Beijing meeting WFs were discussed with three of them for further considerations, [1]. In this input we follow up number (4) in the list below.
1. Introduce coupling in the RAN5 test procedure.  RAN4 would ask RAN5 on the feasibility of introduced coupling between primary and diversity antenna port.

2. Rely upon and/or enhance radiated testing 

3. Test only the primary antenna path

4. Adjust (increase) the assumed isolation value in the RAN4 requirement, maintain the same test procedure

5. Introduce new REFSENS/MSD test additional to existing REFSENS test with disconnected antennas 

6. Do nothing, the current practice while imperfect is the best tradeoff

7. Do not test combinations where there is MSD specified
2. Definition and measurement of REFSENS
In [2] we discussed the definition of REFSENS and its measurement for single carrier and CA. In this input we will have a look at bands where REFSENS and/or the number of UL RBs for REFSENS testing have been relaxed and we try to understand the reasons of such REFSENS/RB relaxations. We take Band 1 as the reference band for the REFSENS and look at the single carrier cases.

In the last RAN4 meeting we asked the vendors the following question on single carrier (SC) or single band and antenna isolation, which can be found in the meeting minutes and is copied below. We don’t believe that margins can be based on mismatch in the REFSENS calculation and measurement which could be understood from some of the vendor comments below. 
Observation 1: Misalignment in the REFSENS measurement/calculation has to be corrected in order to give clear signs to industry. Adding such misalignment to REFSENS margin does not make sense.
RAN4 minutes from meeting #76:
R4-155419
Minutes of Antenna isolation and MSD ad-hoc
Source: Qualcomm Incorporated
Abstract: 

Discussion: 

TeliaSonera: We like to have answer from Qualcomm, Huawei and Intel. SC ant isolation influence on exisiting refsen. If we show there is influence will you accept that?

Qualcomm: We cannot give you yes or now answer. If only one band then we are reluctant to agree. It depends.

Huawei: We agree with Qualcomm. Margins for the refsens have been the assumtption for CA. If we change we need to re-design the whole CA.

Intel: We share the view with other vendors. The problem is CA for harmonics and IMD. SC only is not the whole story.
From the European bands we observe that e.g. B3, B8, B7 and B20 have such REFSENS relaxations and/or number of RB restrictions. In TS 36.101 we find for these bands:
	Channel bandwidth

	E-UTRA Band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex Mode

	1
	
	
	-100
	 -97
	-95.2 
	-94 
	FDD

	3
	-101.7
	-98.7
	-97 
	-94
	-92.2
	-91
	FDD

	8
	-102.2
	-99.2
	-97
	-94
	
	
	FDD

	7
	
	
	-98
	-95
	-93.2
	-92
	FDD

	20
	
	
	-97
	-94
	-91.2
	-90
	FDD


With
	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

	E-UTRA Band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex Mode

	1
	
	
	25 
	50 
	75 
	100 
	FDD

	3
	6 
	15 
	25 
	50 
	501
	501
	FDD

	8
	6 
	15
	25 
	251
	
	
	FDD

	7
	
	
	25 
	50 
	75
	751
	FDD

	20
	
	
	25 
	201
	203 
	203
	FDD

	NOTE 1:
1 refers to the UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.6-1). 

NOTE 3:
3 refers to Band 20; in the case of 15MHz channel bandwidth, the UL resource blocks shall be located at RBstart 11 and in the case of 20MHz channel bandwidth, the UL resource blocks shall be located at RBstart 16


From the tables above we can see that for B3, B8, B7 and B20 not only the REFSENS is relaxed (2 to 4 dB) but also the max number of UL RBs for the REFSENS test; with respect to B1. 
Question: We will ask the question what increase in Tx noise falling into the Rx band is needed in order to have such REFSENS relaxations for different antenna isolations? 
In the figure below we use B1 REFSENS of  -100 dBm for 5MHz channel bandwidth as the reference case. The Tx noise at the antenna connector is for that case -96 dBm/5MHz (NP = PRefsens + 3 dB (diversity) + 1 dB (SNR), see reference [2]. 
We know that the Tx noise to the Rx band increases due to lower duplex gap. To the main receiver due to limited duplex filter cross-ISO and to the secondary receiver it also depends on the antenna ISO between main and secondary antenna. In real life the antenna ISO may be between 5 to 20 dB depending on the frequency, device form factor and for disconnected antennas as done for the REFSENS tests the antenna ISO is called antenna port isolation which is > 70 dB, see references [3 - 10]. PCB isolation may be another source of coupling but for single bands we would expect that in a good transceiver design that can be neglect and should be also > 70 dB, [2]. 
MRC as outlined in [2] is used to calculate the MSD due to the Tx noise in the Rx band which can desense the main and secondary receiver. From the results in Figure 1 we can see that for disconnected antennas (ISO >70 dB) the REFSENS degradation due to e.g. smaller duplex gaps is < 3dB. This makes sense as for large ISO from the main Tx path to the secondary Rx path this receive path will determine the REFSENS.
From this we can understand that in practice the maximum REFSENS degradation for conducted mode tests without antenna cross-coupling is 3 dB.  We have to ask now the question how is it possible that for some bands the REFSENS degradation in TS 36.101 can be more than 3 dB and at the same time having larger UL RB restrictions for the REFSENS test?
Observation 2: From the above we can conclude that for conducted mode REFSENS test without antenna cross-coupling the largest expected REFSENS degradation for single carrier is 3 dB even for full UL RB allocation.
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Figure 1: MSD calculation results for Tx noise increase into Rx band for different Tx ( secondary Rx coupling values. B1 REFSENS for 5 MHz BW is taken for the reference noise.
2.1 
Comparing with B20 and how REFSENS and UL RB restriction was derived
For B20 6/10 dB antenna coupling was assumed to derive the REFSENS and UL RB restriction, see reference [11].  For B20 the Tx noise and spectral regrowth from the main path to the main receiver (Tx ( Rx ISO) and the antenna coupling to the secondary receiver were the main paths for causing DESENSE. We observe from [11] that:

· For 5MHz BW the Tx noise in the Rx band at the antenna connector is -108.4 dBm/5MHz which leads to a DESENSE of 0.13 dB. This agrees also with our results in the figure above.
It is not clear how the REFSENS for the 5MHz BW could get a 3 dB relaxation compared to B1. Comparing filter ILs between B1 and B20 for ETC is about 0.6 dB.
· For 20 MHz BW and UL with 100 RBs the Tx noise in the Rx band at the antenna connector is -71.3 dBm/20 MHz.  

Such high Tx noise would still for disconnected antennas REFSENS test not increase the DESENSE more than 3 dB, see Figure 1.
From this we can conclude that REFSENS and UL RB restriction for B20 is not correct given in TS 36.101 for conducted mode with disconnected antennas.
2.2 
Comparing with B3, B8, B7 and how REFSENS and UL RB restriction was derived
For B3, B8 and B7 the REFSENS values and UL RB restriction for the REFSENS test were introduced at the RAN #47 into the TS 36.101 version 8.2.0. 
· Earliest discussion for LTE on possible REFSENS relaxation due to Tx noise when having small duplex gaps are in R4-070072. This input from Motorola discusses the problem but misses to discuss about the secondary receiver and what antenna coupling should be assumed. 

· Documents which led to the earliest values can be found in R4-080125. In R4-080696 the problem of REFSENS test is closer discussed also with respect to conductive test and possible coupling. In R4-080696 Ericsson is also suggesting: “we propose additional relaxations of 1, 2 and 3 dB for duplexer distance / band gap > 1.5, 2 and 4, respectively”. This catches may be the main Rx path with possible needed relaxations for smaller duplex gaps but does not give information about the secondary Rx path and the assumed antenna coupling.  They further state in this input: “In practice, there could be larger differences between the chains due to the antennas, and there is also coupling” which give at least a hint on REFESENS and antenna coupling dependency.
2.3 
Summing up
We understand that for single carrier the REFSENS and UL RB restriction is obtained by assuming antenna isolation to be 10 dB between main and diversity antenna. This leads to REFSENS and #of UL RB restriction for some bands but as the conducted mode test does not have such antenna isolation the UEs are not tested correctly. We expect that the REFSENS calculation and testing is aligned. Therefore we suggest for bands identified in this input to correct REFSENS and/or UL RB in TS 36.101.

Proposal 1: The REFSENS and #of UL RB for the test shall be checked and corrected on a band-by-band basis if identified by a company in order to match conducted mode REFSENS measurement. 

Proposal 2: In order to match the calculated REFSENS to the conducted mode test we suggest the changes in TS 36.101 Table 7.3.1-1 REFSENS and Table 7.3.1-2: Uplink RB configuration for the B3, B7, B8 and B20.
Proposal 3: Companies shall study to the next meeting REFSENs for B3, B7, B8 and B20 assuming Tx ( secondary Rx coupling values of  70 dB.
Proposal 4: The REFSENS for single carrier and CA shall be studied separately if changes due to MSD and antenna coupling assumption are needed. 
3. Changes in TS 36.101
Table 7.3.1-1: Reference sensitivity QPSK PREFSENS 

	Channel bandwidth

	E-UTRA Band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex Mode

	1
	
	
	-100
	 -97
	-95.2 
	-94 
	FDD

	2
	-102.7
	-99.7
	-98 
	-95
	-93.2
	-92
	FDD

	3
	-101.7
	-98.7
	-99 
	-94
	-92.2
	-91
	FDD

	4
	-104.7
	-101.7
	-100
	-97
	-95.2
	-94
	FDD

	5
	-103.2
	-100.2
	-98
	-95
	
	
	FDD

	6
	
	
	-100
	-97
	
	
	FDD

	7
	
	
	-99
	-95
	-93.2
	-92
	FDD

	8
	-102.2
	-99.2
	-99
	-94
	
	
	FDD

	9
	
	
	-99
	-96
	-94.2
	-93
	FDD

	10
	
	
	-100
	-97
	-95.2
	-94
	FDD

	11
	
	
	-100
	-97
	
	
	FDD

	12
	-101.7
	-98.7
	-97
	-94
	
	
	FDD

	13
	
	
	-97
	-94
	
	
	FDD

	14
	
	
	-97
	-94
	
	
	FDD

	…
	
	
	
	
	
	
	

	17
	
	
	-97
	-94
	
	
	FDD

	18
	
	
	-1007
	 -977
	-95.27 
	
	FDD

	19
	
	
	-100
	 -97
	-95.2 
	
	FDD

	20
	
	
	-99
	-94
	-92.2
	-91
	FDD

	21
	
	
	-100
	 -97
	-95.2 
	
	FDD

	22
	
	
	-97
	-94
	-92.2
	-91
	FDD

	23
	-104.7
	-101.7
	-100
	-97
	-95.2
	-94
	FDD

	24
	
	
	-100
	-97
	
	
	FDD

	25
	-101.2
	-98.2
	-96.5
	-93.5
	-91.7
	-90.5
	FDD

	26
	-102.7
	-99.7
	-97.56
	-94.56
	-92.76
	
	FDD

	27
	-103.2
	-100.2
	-98
	-95
	
	
	FDD

	28
	
	-100.2
	-98.5
	-95.5
	-93.7
	-91
	FDD

	30
	
	
	-99
	-96
	
	
	FDD

	31
	-99.0
	-95.7
	-93.5
	
	
	
	FDD

	…
	
	
	
	
	
	
	

	33
	
	
	-100
	-97
	-95.2
	-94
	TDD

	34
	
	
	-100
	-97
	-95.2
	
	TDD

	35
	-106.2
	-102.2
	-100
	-97
	-95.2
	-94
	TDD

	36
	-106.2
	-102.2
	-100
	-97
	-95.2
	-94
	TDD

	37
	
	
	-100
	-97
	-95.2
	-94
	TDD

	38
	
	
	-100
	-97
	-95.2
	-94
	TDD

	39
	
	
	-100
	-97
	-95.2
	-94
	TDD

	40
	
	
	-100
	-97
	-95.2
	-94
	TDD

	41
	
	
	-98
	-95
	-93.2
	-92
	TDD

	42
	
	
	-99
	-96
	-94.2
	-93
	TDD

	43
	
	
	-99
	-96
	-94.2
	-93
	TDD

	44
	
	[-100.2]
	 [-98]
	[-95]
	[-93.2]
	[-92]
	TDD

	NOTE 1:
The transmitter shall be set to PUMAX as defined in subclause 6.2.5

NOTE 2:
Reference measurement channel is A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1

NOTE 3:
The signal power is specified per port

NOTE 4:
For the UE which supports both Band 3 and Band 9 the reference sensitivity level is FFS.

NOTE 5:
For the UE which supports both Band 11 and Band 21 the reference sensitivity level is FFS.

NOTE 6:
6 indicates that the requirement is modified by -0.5 dB when the carrier frequency of the assigned E-UTRA channel bandwidth is within 865-894 MHz.

NOTE 7:
For a UE that support both Band 18 and Band 26, the reference sensitivity level for Band 26 applies for the applicable channel bandwidths.


Table 7.3.1-2: Uplink configuration for reference sensitivity

	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

	E-UTRA Band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex Mode

	1
	
	
	25 
	50 
	75 
	100 
	FDD

	2
	6 
	15 
	25 
	50 
	501
	501
	FDD

	3
	6 
	15 
	25 
	50 
	75
	100
	FDD

	4
	6 
	15
	25 
	50 
	75 
	100 
	FDD

	5
	6 
	15 
	25 
	251
	
	
	FDD

	6
	
	
	25 
	251
	
	
	FDD

	7
	
	
	25 
	50 
	75
	100
	FDD

	8
	6 
	15
	25 
	50
	
	
	FDD

	9
	
	
	25 
	50 
	501
	501
	FDD

	10
	
	
	25 
	50 
	75 
	100 
	FDD

	11
	
	
	25
	251
	
	
	FDD

	12
	6
	15
	201
	201
	
	
	FDD

	13
	
	
	201
	201
	
	
	FDD

	14
	
	
	151
	151
	
	
	FDD

	...
	
	
	
	
	
	
	

	17
	
	
	201
	201
	
	
	FDD

	18
	
	
	25 
	251
	251
	
	FDD

	19
	
	
	25 
	251
	251
	
	FDD

	20
	
	
	25 
	50
	75 
	100
	FDD

	21
	
	
	25
	251
	251
	
	FDD

	22
	
	
	25
	50
	501
	501
	FDD

	23
	6
	15
	25
	50
	75
	100
	FDD

	24
	
	
	25
	50
	
	
	FDD

	25
	6
	15
	25
	50
	501
	501
	FDD

	26
	6
	15
	25
	251
	251
	
	FDD

	27
	6 
	15 
	25 
	251
	
	
	FDD

	28
	
	15
	25
	251
	251
	251
	FDD

	30
	
	
	25
	251
	
	
	FDD

	31
	6
	54
	54
	
	
	
	FDD

	…
	
	
	
	
	
	
	

	33
	
	
	25 
	50 
	75 
	100 
	TDD

	34
	
	
	25 
	50 
	75
	
	TDD

	35
	6 
	15 
	25 
	50 
	75 
	100 
	TDD

	36
	6 
	15 
	25 
	50 
	75 
	100 
	TDD

	37
	
	
	25 
	50 
	75 
	100 
	TDD

	38
	
	
	25 
	50 
	75
	100
	TDD

	39
	
	
	25 
	50 
	75 
	100 
	TDD

	40
	
	
	25
	50 
	75 
	100 
	TDD

	41
	
	
	25
	50 
	75 
	100 
	TDD

	42
	
	
	25
	50 
	75 
	100 
	TDD

	43
	
	
	25
	50 
	75 
	100 
	TDD

	44
	
	15
	25
	50
	75
	100
	TDD

	NOTE 1:
1 refers to the UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.6-1). 

NOTE 2:
For the UE which supports both Band 11 and Band 21 the uplink configuration for reference sensitivity is FFS.

NOTE 3:
3 refers to Band 20; in the case of 15MHz channel bandwidth, the UL resource blocks shall be located at RBstart 11 and in the case of 20MHz channel bandwidth, the UL resource blocks shall be located at RBstart 16

NOTE 4:
4 refers to Band 31; in the case of 3 MHz channel bandwidth, the UL resource blocks shall be located at RBstart 9 and in the case of 5 MHz channel bandwidth, the UL resource blocks shall be located at RBstart 10.


4. Summary
Observation 1: Misalignment in the REFSENS measurement/calculation has to be corrected in order to give clear signs to industry. Adding such misalignment to REFSENS margin does not make sense.
Observation 2: From the above we can conclude that for conducted mode REFSENS test without antenna cross-coupling the largest expected REFSENS degradation for single carrier is 3 dB even for full UL RB allocation.
Proposal 1: The REFSENS and #of UL RB for the test shall be checked and corrected on a band-by-band basis if identified by a company in order to match conducted mode REFSENS measurement. 

Proposal 2: In order to match the calculated REFSENS to the conducted mode test we suggest the changes in TS 36.101 Table 7.3.1-1 REFSENS and Table 7.3.1-2: Uplink RB configuration for the B3, B7, B8 and B20.
Proposal 3: Companies shall study to the next meeting REFSENs for B3, B7, B8 and B20 assuming Tx ( secondary Rx coupling values of  70 dB.
Proposal 4: The REFSENS for single carrier and CA shall be studied separately if changes due to MSD and antenna coupling assumption are needed.
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