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1. Introduction
How to handle out of band blocking for inter band 2UL/2DL CA has intensively been discussed for several RAN4 meetings. In this contribution, we further discuss it and provide a way forward on this issue with the whole picture on this.
2. Overview
In our understanding, in principle, for inter band 2UL/2DL CA case, each aspect illustrated in Figure 2-1 should be evaluated and the performance should be guaranteed. In other words, each blocker shall be sufficiently suppressed and the degradation of reference sensitivity level should be kept under a certain level.
Note that Range 1, 2 and 3 are defined as CW levels of -44, -30 and -15 dBm, respectively in out of band blocking requirements in TS 36.101.
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Figure 2-1: Components in 2UL CA out of band blocking
There are several aspects we need to discuss as follows.

· From Band A receiver perspective
· a: Band A UL level

· b: Band B UL level

· c: CW levels defined in out of band blocking

· From Band B receiver perspective 

· d: Band A UL level

· e: Band B UL level

· f: CW levels defined in out of band blocking
· Others

· g: MSD: 

· IMD due to inter band 2UL/2DL CA signal falls into the receiver(s) and REFSENS is degraded.

· IMD due to inter band 2UL/2DL CA signal falls into the receiver(s) but REFSENS is not degraded.

· h: REFSENS perspective 

· i:  mutual interaction coming from the all existing signals 
3. Complementarity relation
In this section, we discuss how and how much the constituent LTE and 1UL/2DL CA requirements can compensate for the inter band 2UL/2DL CA requirements. 

3.1. LTE Band A
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Figure 3.1-1: LTE Band A vs inter band 2UL/2DL CA from Band A receiver perspective
As it can be seen that the level of Band A UL suppressed by LTE band A receiver would be even higher than that for inter band 2UL/2DL CA. In addition, the CW blocker level for LTE Band A requirements is equal or even higher than that for inter band 2UL/2DL CA from Band A receiver perspective. Moreover, the condition to cause inter-modulation between CW blocker and the Band A Tx is even more stringent than that for inter band 2UL/2DL CA from Band A receiver perspective.
· Observation 1: “a” and “c” aspects could be guaranteed by LTE A requirements.

3.2. LTE Band B
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Figure 3.1-2: LTE Band B vs 2UL CA from Band B receiver perspective

As it can be seen that the level of Band B UL suppressed by LTE band B receiver would be even higher than that for inter band 2UL/2DL CA case. In addition, the CW blocker level for LTE Band B requirements is equal or even higher than that for inter band 2UL/2DL CA from Band B receiver perspective. Moreover, the condition to cause inter-modulation between CW blocker and the Band B Tx is even more stringent than that for inter band 2UL/2DL CA from Band B receiver perspective.
· Observation 2: “e” and “f” aspects could be guaranteed by LTE B requirements.

3.3. 1UL/2DL CA for Band A receiver test
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Figure 3.1-3: 1UL/2DL CA(Band B UL) vs inter band 2UL/2DL CA from Band A receiver perspective
As it can be seen that the level of Band B UL suppressed by LTE band A receiver would be even higher than that for inter band 2UL/2DL CA case. In addition, the condition to cause inter-modulation between CW blocker and the Band B Tx is even more stringent than that for inter band 2UL/2DL CA from Band A receiver perspective.
· Observation 3: “b” and “c” aspects could be guaranteed by 1UL/2DL CA whose UL is Band B requirements.

3.4. 1UL/2DL CA for Band B receiver test
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Figure 3.1-4: 1UL/2DL CA: Band A UL vs 2UL CA from Band B receiver perspective
As it can be seen that the level of Band A UL suppressed by LTE band B receiver would be even higher than that for inter band 2UL/2DL CA case. In addition, the condition to cause inter-modulation between CW blocker and the Band A Tx is even more stringent than that for inter band 2UL/2DL CA from Band B receiver perspective.
· Observation 4: “d” and “f” aspects could be guaranteed by 1UL/2DL CA whose UL is Band A requirements.

3.5. MSD perspective
Firstly, we discuss the case IMD due to 2UL signal falls into the receiver(s) and reference sensitivity is degraded. MSD is specified under the condition that both of the transmitters shall be set min(+20 dBm, PCMAX_L,c) as defined in sub-clause 6.2.5A, while the transmitter power for the uplink set to 7 dB below PCMAX_L,c  for each serving cell c for inter band 2UL/2DL CA out of band blocking requirements. Thus, the MSD defined in reference sensitivity cannot be referred to anymore since the MSD is quite relaxed. If we evaluate the performance of the channel whose sensitivity has MSD in out of band blocking test, the condition of the transmitters should be set to be the same condition of reference sensitivity or we redefine MSD under the condition of 7 dB below PCMAX_L,c  for each serving cell c. The former means the requirements are tighten, while the latter means additional work is required.

· Observation 5: There are two possible ways to define out of band blocking for 2UL for channel whose reference sensitivity has MSD.

· Transmitters shall be set min(+20 dBm, PCMAX_L,c) as defined in subclause 6.2.5A
· Re-evaluate MSD under the condition of 7 dB below PCMAX_L,c  for each serving cell c.
Next we discuss IMD falling into receiver but far away from the active downlink channel so that reference sensitivity degradation does not occur. Some may think this IMD is interferer. Regardless of definition of it, the reference sensitivity requirements for inter band 2UL/2DL CA can guarantee that the performance can be kept as far as currently defined MSD in TS36.101 is not applied.
With respect to handling of MSD, it is expected that the same discussion will be repeated. That is “need” or “no need” discussion. In our understanding, the both opinions may be reasonable in different perspectives. To resolve this, we come back to the original purpose of the blocking requirements. There are following sentences in TS 36.101.

The blocking characteristic is a measure of the receiver's ability to receive a wanted signal at its assigned channel frequency in the presence of an unwanted interferer on frequencies other than those of the spurious response or the adjacent channels, without this unwanted input signal causing a degradation of the performance of the receiver beyond a specified limit. The blocking performance shall apply at all frequencies except those at which a spurious response occur.
The sentence does not directly say that an unwanted interferer on frequencies other than its assigned channel frequency but it could be expected that assigned channel frequency is out of scope since the blocker itself is located outside the adjacent channels. In addition, even single LTE can have reference sensitivity degradation in some cases such that the number of UL configuration is beyond the limit, although MSD requirement itself is not defined in LTE.

Based on the above including the observation 5, at this moment, it would be challenging to identify an appropriate conditions and reach a consensus on the necessity.
· Observation 6: It might be realistic to postpone the decision whether out of band blocking requirements for inter band 2UL/2DL CA under the condition that MSD occurs until the better way or strong demand is found.

3.6. Reference sensitivity perspective
In section 3.1-3.4, we discussed if the LTE and 1UL/2DL CA out of band blocking can compensate for part of it for inter band 2UL/2DL CA case where specifically it was discussed that the suppression of “a”, “b”, “d” and “e” can be guaranteed by the existing LTE and 1UL/2DL CA requirements.

For these ULs, since the reference sensitivity test for inter band 2UL/2DL CA is conducted by the condition that “Transmitters shall be set min (+20 dBm, PCMAX_L,c) as defined in subclause 6.2.5A”, at least each receiver for inter band 2UL/2DL CA would be able to sufficiently suppress the mutual ULs.

3.7. Mutual interaction among the all signals
As was discussed, if we divide out of band blocking requirements for inter band 2UL/2DL CA into some parts, it seems that the almost all aspects can be compensated by the existing LTE and 1UL/2DL CA requirements. There is still uncertainty on the performance in inter band 2UL/2DL CA mode. The current LTE and 1UL/2DL CA requirements cannot cover the aspects of inter-modulations occurring at f1-f2+f3 and f1+f2-f3 and so on. Thus, it would be better to test even a limited frequency range.
· Observation 7: There may be some uncertainty on the performance in inter band 2UL/2DL CA without any tests.

One of the examples for the test range is illustrated in Figure 3.7-1. In principle, it would be better to test range 3 only. In addition, the range 3 can be further limited as depicted in the Figure 3.7-1 and we may set the maximum frequency range such that over X MHz and so on. X MHz and the number of exceptions need further study.
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Figure 3.7-1: possible test range example
4. Summary

From the above observations, the following conclusions are obtained.
· Conclusion
· Most of the aspects for out of band blocking requirements for inter band 2UL/2DL CA could be compensated by the constituent LTE, and 1UL/2DL CA requirements.
· Note that in case (UL, DL)=(A+B, A+B), then, the whole (A, A), (B, B), (A, A+B), and (B, A+B)  shall be tested to apply the above conclusion.
· For MSD case, a decision on whether out of band blocking with MSD for inter band 2UL/2DL CA is tested or not needs more discussion. The identified fact is that this does happen for even when LTE or 1UL/2DL CA is available but the requirements has not been defined so far.
· There may still uncertainty on whether the out of band blocking requirements for inter band 2UL/2DL CA can be guaranteed with the LTE and 1UL/2DL tests without 2UL/2DL specific test.
· There would be a way to have a test case whose tested frequency range is quite limited. However, further discussion to define it is necessary.
5. Conclusion
In this contribution, we discuss out of band blocking requirements for 2UL/2DL CA. As a result, we obtained the following conclusions.

· Conclusion
· Most of the aspects for out of band blocking requirements for inter band 2UL/2DL CA could be compensated by the constituent LTE, and 1UL/2DL CA requirements.

· Note that in case (UL, DL)=(A+B, A+B), then, the whole (A, A), (B, B), (A, A+B), and (B, A+B)  shall be tested to apply the above conclusion.
· For MSD case, a decision on whether out of band blocking with MSD for inter band 2UL/2DL CA is tested or not needs more discussion. The identified fact is that this does happen for even when LTE or 1UL/2DL CA is available but the requirements has not been defined so far.
· There may still uncertainty on whether the out of band blocking requirements for inter band 2UL/2DL CA can be guaranteed with the LTE and 1UL/2DL tests without 2UL/2DL specific test.
· There would be a way to have a test case whose tested frequency range is quite limited.                    However, further discussion to define it is necessary.
Based on the above conclusions, we propose the followings.

· Proposal: 

· Share the conclusion with RAN5 and ask RAN5 if they think that specific out of band blocking test for inter band 2UL/2DL CA in addition to constituent LTE and 1UL/2DL CA test cases.

· If their answer is it is necessary, then, RAN4 does further study to identify the test conditions to minimize the tests.
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