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1. Introduction

In the RAN#68 meeting, a WF on MSD calculation for CA_3A-40A/CA_3A-40C was agreed as follows [1].
· RAN4 shall study the “antenna coupling” /”antenna port coupling” which is needed for the MSD/REFSENS calculation. RAN4 is expected to resolve the MSD technical discrepancies before end of Release 13.
· Based on specific operator requests (on a per band-combination basis), the values of the completed CA combinations with MSD issues shall be reconsidered (based on normal RAN4 approval procedure) for Release 14 specifications, to align with the corrected MSD assumption.
· The general principle is that MSD calculation for ongoing CA combinations with MSD problems shall be based on the corrected MSD assumption in Rel-13.
· The current MSD values in the brackets that are captured in the submitted CR for CA B3+B40 at RAN#68 (RP-150668 and RP-150673) are accepted and the CRs are approved to close the two CA Wis. Further inputs for CA B3+B40 at RAN4#76 will be taken into account in finalizing the MSD values.
This WF focuses on CA_3A-40A and CA_3A-40C however our understanding is that these issues are related to all CA combinations which have MSD requirements. In this contribution, we aim to identify the issues which should be solved based on the current requirement and finally propose a solution.
2. Reviewing current situation in RAN4 and RAN5
2.1. One antenna case
In TS 36.101, MSD requirements for both 1UL and 2UL have been specified assuming one TRx antenna and a finite isolation value between main and sub-antenna in order to evaluate the UE performance in actual network. For example, a MSD analysis for Band 4+17 is captured in [2] as shown in Figure 2.1-1 and Table 2.1-1. 
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Figure 2.1-1: Reference architecture for Band 4 + Band 17 captured in [2]

Table 2.1-1: Harmonic interference calculation captured in [2]
	 
	Primary
	Diversity

	Parameter
	Value
	H3 level
	Value
	H3 level

	B17 Tx
	27.5
	 
	27.5
	 

	B17 PA H3
	-50
	-22.5
	-50
	-22.5

	B17 duplexer
	40
	-62.5
	40
	-62.5

	Harmonic filter
	30.5
	-93.0
	30.5
	-93.0

	LB switch
	-96.5
	-91.4
	-96.5
	-91.4

	Diplexer
	15
	-106.4
	15
	-106.4

	Antenna isolation
	 
	 
	10
	-116.4

	HB switch attenuation
	0.7
	-107.1
	0.7
	-117.1

	HB switch H3
	-126
	-107.0
	-111.9
	-110.8

	B4 duplexer attenuation
	1.6
	-108.6
	1.6
	-112.4

	B4 duplexer H3
	-126
	-108.6
	-111.9
	-109.1

	B17 PA to B4 LNA isolation
	80
	-102.5
	80
	-102.5

	Single chip DA to LNA
	-100
	-100.0
	-100
	-100.0

	Composite
	 
	-97.7
	 
	-97.7


If we look at the table above, it can be seen that antenna isolation of 10dB, diplexer attenuation of 15dB and PA to LNA isolation of 80dB. These values were derived from typical characteristics assuming a real UE design. Therefore, it is observed that the MSD is calculated by three kinds of interferences as below.
(1) Interference due to antenna coupling

(2) Interference due to finite isolation between bands

(3) Interference due to finite PCB isolation

On the other hand, in the conformance test, the UE performance is measured under the condition that RF cables are connected to each antenna port, which means that the antenna coupling between main and sub antenna ((1) of Figure 2.1-2) is not taken into account and the interference cannot be measured.
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Figure 2.1-2: Measurement issue on one TRx antenna architecture
Based on the above, we have an observation as below.

Observation 1: Although the core requirements on MSD have been specified in RAN4 assuming finite antenna coupling between main and sub-antenna, the conformance test in RAN5 do not take the aspect into account.
2.2 Two antennas case
As mentioned above, the MSD requirements have been specified assuming one TRx antenna in RAN4. However, it should be noted that some UE’s have two TRx antennas in the real world. Considering conformance test for this case, the issue observed in section 2.1 would be more critical than one antenna case since the interference of (2) in the UE cannot be measured on top of the non-measuring of (1).
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Figure 2.2-1: Measurement issue on two TRx antennas architecture

It should also be noted here that this issue is not only for harmonic of 1UL but also for IMD of 2UL. In discussions on 2UL inter-band CA, RAN4 has calculated MSD values based on the estimated IMD generated by mixing of 2UL transmissions in each RF component (e.g. Switch, PA, Filter etc.). If the UE has two antennas for the bands, some impacts of non-linearity are ignored in the test. Actually, some related issues have already been discussed in RAN5 [3, 4]. Accordingly, it would obviously be expected that the UE can easily pass the conductive test.
Observation 2: In case UE has two antennas, not only interference due to antenna coupling but also that due to finite isolation between bands cannot be measured. Accordingly, the UE can easily pass the conductive test.
3. Possible solutions
As observed in section 2, there would be a significant gap between the condition of the core requirement of MSD and the measurement. We believe that this issue should be solved as soon as possible and expected potential solutions would be the followings.

Option 1) Assume finite isolation in the measurement

Option 2) Re-specify the MSD requirements assuming infinite isolation

Option 3) Do nothing (i.e. guarantee the UE performance by OTA test)
Option 4) Other

We strongly propose to adopt Option 1. More specifically, we think that interferences due to the finite isolations should purposely be fed into other RF paths in order to ensure the UE performance specified in the core requirement. From operator’s point of view, one of the most important things is expecting how much degradation will be seen in the real network by referring the specification. If we re-specify the MSD values assuming infinite isolation, operators cannot know the actual UE behaviour. Then, someone may say that OTA test could be the solution. We think, however, since the test is just for throughput without other interferences (e.g. in-band blocking), it would not be the alternative of a whole conductive test.

Based on the above, we propose to ask RAN5 whether or not such a test environment can be built in the conformance specification. The specific value of the isolation could be included in the LS if we can make a consensus in this meeting. However, even if we cannot make a consensus unfortunately, the LS should be sent without the value since the feasibility study in RAN5 may require several meetings to conclude it.
Proposal: RAN4 should send an LS to ask RAN5 to investigate feasibility study on measurement for receiver requirements with MSD taking finite antenna isolation into account.
4. Conclusion
In this contribution, we identified a significant gap between the condition of the core requirement of MSD and the measurement. In order to address the issue as soon as possible, we propose as the following.
Proposal: RAN4 should send an LS to ask RAN5 to investigate feasibility study on measurement for receiver requirements with MSD taking finite antenna isolation into account.
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