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Introduction

In the last RAN4 meeting the MSD calculation with respect to the assumed antenna coupling was heavily discussed. In the RAN #68 in Malmö, Sweden a WF on MSD calculation for CA was agreed in RP-151108. For operators it is of importance that the minimum performance requirements are correctly measured as otherwise the performance of the UE is not guaranteed. This input suggests different WFs to address the REFSENS/MSD calculation and measurement inadequacy.
Definition and measurement of REFSENS
The reference sensitivity verifies the receiver noise figure with the transmitter at max power and therefore includes possible transmitter impairments into the receiving band for small duplex gaps. For CA transceiver impairments are covered by MSD which is directly applied to the single carrier REFSENS. For single carrier the REFSENS may be calculated by the following simple equation, [1]:
PREFSENS = -174 dBm/Hz + 10log(NRB x180k) + NF + SNR + IM – 3 dB + DFB
With the relaxation factor DFB depending on the duplex distance to duplex gap ratio and can be up to 3 dB [2] and an Implementation Margin (IM) factor of 2.5 dB
Observation 1: REFSENS covers receiver noise and transmitter noise/impairments due to e.g. non-linearity.
The two antenna ports are disconnected for the REFSENS test and the receiver noise sources are assumed to be uncorrelated. Between the antenna ports with disconnected antennas the isolation is much higher than the often assumed value of 10 dB (antenna isolation) for single carrier or in more recent MSD calculations for CA, see e.g. R4-152870, R4-152188, R4-153816. From instrument vendors we also know that during the REFSENS test no artificial coupling is introduced between the antenna ports. From this we can conclude that the “antenna port isolation” is given by the PCB isolation which typically is >75 dB. 
We also note that many other measurements depend on the REFSENS level, e.g.: ACS, in-band blocking and so on.
Observation 2: REFSENS tests are done with disconnected antennas and there is virtually no coupling between the antenna ports.
Telecom Italia and TeliaSonera showed in separate inputs LTE REFSENS measurement results, in R4-122684 and  R4-122238 that there are margins between 4 to 7 dB. In the meeting some vendors questioned the results as it was not done over extreme temperature condition and other side conditions which require margins to normal temperature, see Intel input in R4-123222 where a margin of 3 to 5 dB is claimed. The authors in R4-123222 seem to assume that under ETC all the additional losses and output power change will add up constructively which in real life is highly questionable and just leads to an over-dimensioning of required margins.
Observation 3: For single carrier there is sufficient REFSENS margins as reported by different companies.
For many bands REFSENS sensitivity is relaxed by the band specific factor DFB [2], e.g. B2, B3, B7, B9, B17, B20 and so on. It is not clear how the values for DFB as a function of duplex distance to duplex gap were derived and if antenna coupling of e.g. 10 dB for disconnected antennas were assumed or not. For B20 it seems to be a 6/10 dB antenna coupling were assumed to derive REFSENS, see e.g. R4-093654. For some bands we also have additional UL RB restriction for the REFSENS test as filter ISO (e.g. > 45 dB) and REFSENS relaxation were not sufficient, e.g. for B20. To limit Tx noise in the receive band >50 dB ISO seems to be sufficient, for small duplex gaps Tx spectral regrowth needs to be considered.
Observation 4: It is not clear if antenna coupling for the transmitter noise/impairments into the secondary receiver for the single carrier REFSENS values were assumed. As REFSENS is measured with disconnected antennas that could explain the margins and needs further investigation. For some bands antenna coupling of 6 and 10 dB has been assumed when REFSENS was defined. 
REFSENS is clearly a pure performance metric for the UE in order to make sure terminals pass minimum performance requirements due to receiver noise and other impairments, e.g. transmitter and receiver non-linearity’s for single carrier and CA. The network does not need and/or have any actual information on REFSENS / MSD values.
Observation 5: REFSENS is a pure performance metric for the UE which can be used for the NF and other impairments.  The network doesn’t need to know about actual MSD.
From the above observations we can conclude that REFSENS can be used to catch transmitter and receiver impairments for single carrier and CA if the antenna coupling in the calculation and measurement agree with each other.
Proposal 1: Use REFSENS test for receiver noise and other Tx impairments for single carrier and CA. Introduce coupling in the measurement as assumed in the calculation.
Possible WF for REFSENS and MSD
There are several options in order to go forward

1. Don’t change current REFSENS test and REFSENS/MSD calculation

2. Do MSD calculation using the “antenna port isolation”  for disconnected antennas
3. Introduce new REFSENS/MSD test additional to the existing REFSENS test with disconnected antennas
4. Change existing REFSENS test by adding coupling between the antenna ports as used for the REFSENS/MSD calculation
5. Other solution?
First we can say that operators clearly like to have the UE tested with REFSENS and MSD with possibleantenna coupling in order to ensure UE performance is following defined performance. This means proposal (1) and (2) are not a good WF. Adding a new test for CA combos with MSD problems will add complexity in testing and as the problem Tx to Rx impairment can also exist for single carrier we can say that proposal (3) is not a preferred WF. Introducing coupling during the test as proposed in (4) seems to be a good WF.
Observation 6: It does not matter if vendors introduced the “antenna coupling” for REFSENS calculation intentionally or unintentionally, because when using it for the MSD calculation they agreed on mixing conducted mode with OTA requirements. As a consequence they now need to fix the measurement for the REFSENS testing.
Proposal 2: Change existing REFSENS test by adding coupling between the antenna ports in order to align with the coupling as used for the REFSENS/MSD calculation.
Antenna isolation and antenna port isolation
The used antenna isolation in the calculation can make a big difference in the MSD value as shown e.g. in R4-153040. This is as the MRC can compensate for different noise levels in the main and secondary receiver. We understand that in real life coupling over the antennas occurs but the actual value depends on many factors like: 
· Antenna locations
· How the mobile is hold
· Frequency, etc. 
Checking on typical antenna isolation values we could find the following values:
	Frequency
	Min/typ. OTA antenna isolation
	Antenna port isolation

	< 1GHz
	10 dB
	> 75 dB

	> 1 GHz & < 3GHz
	15 dB
	> 75 dB

	> 3 GHz & < 4 GHz
	20 dB
	> 75 dB


For the calculation of REFSENS and MSD we may use any of the isolation values above but we clearly understand that the test should be as close as possible to real-life situation. Assuming just one value e.g. 10 dB will limit the possible number of tests but can give the wrong impression to industry that 3GPP assumes a minimum antenna isolation of 10 dB. Furthermore if in real life the antenna isolation is high and the UE tested with a low introduced coupling value the receiver NF isn’t tested correctly as the Tx impairments may be too dominant. Choosing the isolation too high is also not helpful as possible Tx caused non-linarites falling into the receive band are not cached with the REFSENS test.  
Observation 7: For the UE linearity requirement it doesn’t matter too much if MSD is calculated with e.g. 6, 10 or 15 dB as long as we have the coupling in the actual test. But assuming too low isolation between main and secondary antenna will give the wrong message to the industry. UE vendors which do good antenna implementation get punished which is not in our interest. We should inspire industry to make UEs with high antenna ISO instead of discouraging them by using too low antenna ISO values. We cannot allow too low or too high antenna isolation assumption which would undermine OTA tests and mislead overall UE performance.
Proposal 3: For single carrier and CA with small duplex gap and/or MSD problems the antenna coupling for the REFSENS/MSD calculation shall be 10 dB for < 1GHz, 15 dB for > 1Gz & <  3 GHz and 20 dB for >3GHz & < 4 GHz. For the actual REFSSENS tests the same coupling shall be introduced between transmit and secondary receive antenna. For all other cases no such “artificial” antenna coupling during the conducted mode testing is needed.
RAN5 needs to be involved in that discussion as for the testing the same coupling needs to be introduced. To introduce such coupling for conducted mode testing in order to mimic OTA situation is not new to RAN5 and has been discussed before for the following two cases:

· From DOCOMO in R5-142429 to introduce inter-band CA tests for the UE supporting inter-band CA with separate antennas for each band. 
Usually vendors prefer single antenna for separate bands therefore the DOCOMO input is just related to the REFSENS/MSD discussion in that input and not really catching it.
· From Qualcomm in R5-151603 to introduce a 10 dB coupling between dual transmit antennas.
Interesting is to check the meeting minutes with respect to that discussion in RAN5 which are copied and paste at the end of this document for the reader convenience.  For both discussions we can see that RAN5 could not agree on to introduce such coupling during conducted mode tests. Reasons were:
· This may penalize UE implementation if assuming a fixed value
· This is covered by OTA tests

· UE isolation depends on UE vendor implementation

It is clear that adding such coupling will add further complexity in the testing but as discussed above it doesn’t make either sense to derive REFSENS/MSD values in RAN4 without aligning the testing.

Proposal 4: RAN5 needs to be involved in this discussion and RAN4 shall write an LS to RAN5 addressing this matter.
Summary
In the last RAN the WF in RP-151108 to fix the MSD/REFSENS was agreed. For REFSENS/MSD we have the following observations:

Observation 1: REFSENS covers receiver noise and transmitter noise/impairments due to e.g. non-linearity.
Observation 2: REFSENS tests are done with disconnected antennas and there is virtually no coupling between the antenna ports.
Observation 3: For single carrier there is sufficient REFSENS margins as reported by different companies.
Observation 4: It is not clear if antenna coupling for the transmitter noise/impairments into the secondary receiver for the single carrier REFSENS values were assumed. As REFSENS is measured with disconnected antennas that could explain the margins and needs further investigation. For some bands antenna coupling of 6 and 10 dB has been assumed when REFSENS was defined.
Observation 5: REFSENS is a pure performance metric for the UE which can be used for the NF and other impairments.  The network doesn’t need to know about actual MSD.
Observation 6: It does not matter if vendors introduced the “antenna coupling” for REFSENS calculation intentionally or unintentionally, because when using it for the MSD calculation they agreed on mixing conducted mode with OTA requirements. As a consequence they now need to fix the measurement for the REFSENS testing.
Observation 7: For the UE linearity requirement it doesn’t matter too much if MSD is calculated with e.g. 6, 10 or 15 dB as long as we have the coupling in the actual test. But assuming too low isolation between main and secondary antenna will give the wrong message to the industry. UE vendors which do good antenna implementation get punished which is not in our interest. We should inspire industry to make UEs with high antenna ISO instead of discouraging them by using too low antenna ISO values. We cannot allow too low or too high antenna isolation assumption which would undermine OTA tests and mislead overall UE performance.
In order to do REFSENS and MSD calculation in agreement with testing we propose the following WFs:
Proposal 1: Use REFSENS test for receiver noise and other Tx impairments for single carrier and CA. Introduce coupling in the measurement as assumed in the calculation.
Proposal 2: Change existing REFSENS test by adding coupling between the antenna ports in order to align with the coupling as used for the REFSENS/MSD calculation.
Proposal 3: For single carrier and CA with small duplex gap and/or MSD problems the antenna coupling for the REFSENS/MSD calculation shall be 10 dB for < 1GHz, 15 dB for > 1Gz & <  3 GHz and 20 dB for >3GHz & < 4 GHz. For the actual REFSSENS tests the same coupling shall be introduced between transmit and secondary receive antenna. For all other cases no such “artificial” antenna coupling during the conducted mode testing is needed.
Proposal 4: RAN5 needs to be involved in this discussion and RAN4 shall write an LS to RAN5 addressing this matter.
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Appendix 
For R5-15603 the meeting report in draft_R5-151054_meeting_report_RAN5#67_0107.zip notes:
R5-151603
Discussion paper on LTE ULCA Test Configuration for Devices with Multiple Tx Antenna Ports





Source: QUALCOMM UK Ltd

(Replaces )

Abstract: 

Discussion: 

"Intel: feedback from their RAN4 colleagues there is no assumption in RAN4 for any coupling.

QC: as per QC RAN4 colleagues 10 dB assumption was used in RAN4 simulations. Don't have any agreed tdoc handy at this time

Anritsu: what is the difference between DCM paper and QC paper.

QC: QC paper only asking for transmit antenna coupling. DCM prop was Rx coupling.

RAS: we are doing conducted tests. this is more a OTA test which is not needed.

Intel: There could be Tx antenna per band. 2 antenna assumption cannot be made

Intel: Can we send an LS to RAN4 asking for what their assumption is

VC: Current implementation is already done with a certain assumption. Don't see a need for sending an LS at this time.

E///: 10 dB isolation is what E/// remembers in RAN4 assumption.UE design might have better isolation. unfairly penalising the UE. 

"

Decision: 

The document was noted.

For R5-142429 the meeting report in R5-144005 notes:
R5-142429
Discussion on inter-band CA tests for the UE supporting inter-band CA with separate antennas for each band





Source: NTT DOCOMO, INC.

Abstract: 

Discussion: 

"Broadcom: we have conformance test cases that address the antenna characteristics, we don't need to add more.

Qualcomm: the main issue is how to emulate the OTA with a conducted scenario.

requirements for conducted environments are not straightforward.

Microsoft: analysis further is needed to find what we're gaining of this testing.

R&S: we need a clear guidance from RAN4.

Qualcomm: different UE vendors will have different antenna isolation.

LG/Intel: chipset vendors are considering to use adapted filter to avoid this problem.

Ericsson: it's very complex to achive this under a conducted test.

Orange: OTA conducted will have an issue with Tx intermodualtion. In case of 2 separated on the UL then will have an impact on the non-CA test cases.

R&S: is there any differentiation between FDD and TDD?

requirements concerns regarding RAN 5 testing and what RAN4 opinion

The group has disagreement about this info for now

Noted but NOT endorsed"

Decision: 

The document was noted.

