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1. Introduction

For several meetings, it has been discussed on whether a harmonic filter (hereafter referred to as “HF”) to suppress noise due to 2nd, 3rd, or 4th harmonics should be taken into account to specify the associated RF requirements such as the amount of MOP relaxation, REFSENS and its MSD. It was concluded that some CA configurations consider the HF and the others do not consider it. Our understanding is that there are many issues to be solved in terms of RAN4 time management, commercial services and requirements for this issue. Specifically, one of the issues is that some operators would face the harmonic issue for a certain CA configuration at a later stage, which is originally specified without a HF. For this reason, we discuss how to handle the HF for Class A2 configurations. Finally, we propose to introduce a capability for eNodeB to identify which UEs can handle harmonics as already proposed in [1].
2. Issues
2.1. From RAN4 time management perspective 
We have been discussing intensively if we should take the harmonic filter (hereafter referred to as “HF”) into account to specify UE RF requirements for CA configurations belonging to Class A2. The outcome of the discussion has been based on the timing to be discussed and stakeholders for a CA configuration. Thus, how long time they take to finalize the WIs is different from CA configurations to CA configurations. Therefore, it would be better to have some solution to reduce work load to determine with HF or without HF as well as to mitigate the raised concerns so far.
· CA configurations with HF: 

· Band 4 + Band 17, Band 4 + Band 12, Band 1 + Band 28, Band 4 + Band 28, Band 7 + Band 8
· CA configurations without HF: 

· Band 3 + Band 8, Band 26 + Band 41

· CA configurations under discussion: 

· Band 3 + Band 42 (+ Band 42), Band 3 + Band 31

· Observation 1: 
· A solution(s) would be necessary to reduce work load to determine with HF or without HF as well as to mitigate the raised concerns so far.
2.2. From network operation perspective 
As discussed in the Section 2.1, at least there are two CA configurations such Band 3 + Band 8 and Band 26 + Band 41 without HF, which are globally available. That means although we decided that not applying HF to the associated UE RF requirements for the CA configurations, in the future, there may be operator holdings having the harmonic issues.

Then, it would be one of the selections that the operators would aim to introduce new requirements with HF for the CA configurations. There is, however, an issue in their network since until they launch their service or at least until they change the current 3GPP requirements, there may be significant number of terminals without HF. Note that the number depends on the market demand and so on. Thus, there may not be the terminals without HF. In the end, there may be two types of terminals in the future. That means their eNode B cannot identify whether UEs meet the new requirement with HF or not for that CA configuration. As a result, their eNode B may configure CA for some UEs not being able to handle harmonic issues. Or they may limit to configure UEs with CA in a certain area where the pass-loss is quite small so that the transmitted power from UEs is quite small and the wanted signal level from eNodeBs is quite high. Whatever the case their eNode B takes, spectrum efficiency is deteriorated in their network. Note that there would not be a significant issue in the operators network not to have harmonic issue from spectrum allocation point of view, even there are two types of CA capable terminals, i.e., some with HF and the others without HF under their network.
· Observation 2: 
· At least some solutions are necessary to identify which UEs can handle harmonics in preparation for changing the requirements without HF into those with HF later.
3. Solutions 
3.1. Option 1:
· Option 1: Identify different UE implementation from its release.

We change the requirements from a certain release. Then, eNode B can recognize which UE can handle harmonic from a release UE signals. Let’s assume CA_3A-8A introduced from Rel-12 without HF. RAN4 changes the requirement without HF into it with HF from Release 13. 

This solution does not have to introduce any new features. The drawback, however, is that operators who want to use this CA configuration and have harmonic issues shall wait for Rel-13 terminals.

· Observation 3: No new features are necessary. The drawback is we need to wait for the chipset for the next release of the open release to be on the market. Thus, it takes long time. 

3.2. Option 2:

· Option 2: Create a new CA configuration with different name.

· Observation 4: No new features are necessary. The drawback is there are two very similar types of CA configurations. However, still we need to test double to make UEs support the original and new CA configurations.

3.3. Option 3:

· Option 3: 
· Introduce a capability to identify which UEs have capability to handle harmonic issue for a certain CA configuration.
· To make maximum use of this feature, it would be better to introduce this feature in the earlier release as much as possible.

In short, if sooner is better to introduce this feature into RAN2 specifications in the following reasons. The effect of this feature would be expected as follows.

· If the feature is introduced into RAN2 specifications from Rel-13,

· Provided that we change the requirement of CA_3A-8A for Rel-12 and Rel-10 , 11 and 12 chipset refer to modified Rel-12 requirements, they cannot have capability to inform eNode B of the change so that eNode B cannot identify different UE implementation.

· If the feature is introduced into RAN2 specifications from Rel-10,

· Provided that we change the requirement of CA_3A-8A for Rel-12 and Rel-10 and 11 chipset refer to modified Rel-12 requirements, they can have capability to inform eNode B of the change so that eNode B can identify different UE implementation. 
3.4. How to apply the feature to RAN4 spec? 
3.4.1. One or two requirements in a release
To reduce terminal fragmentation, it would be the straightforward way to supersede the original requirements. The drawback is that there are some devices and terminals under development. This would depend on the market situation. If a certain CA configuration is not completely available at that time, then, it would be better to change the original requirements even in a closed release.. Or one alternative is we have two types of requirements during one release cycle. After the release, we have one requirement.

· Observation 5: 
· If we specify one requirement in one release or two types requirements in one release should be discussed when we apply the feature to a certain CA configuration based on the situation of it.
· Alternative is to have two types of requirements during one release cycle.
3.4.2. Similar issues and their solutions
As was discussed in [1], the above Proposal 1 is similar to “SimultaneousRx-Tx” for TDD-TDD CA as discussed in [2]. Currently TS36.101 specifically for inter band TDD-TDD CA assumes that operating bands belonging to a certain TDD-TDD CA configuration are synchronized. Hence, the relaxation values for MOP and REFSENS for the UEs are minimized. This would generate the following situations. 
· It allows for terminal and chip set vendors to make the UEs easily implementable since additional ILs are required only for its receiver.
· It allows for operators using the terminals to avoid relaxation of MOP lower tolerance at the cost of being forced to select the same TDD configuration even between different bands and make their network have frame synchronization between them.
From a long term perspective, however, it would be natural for the demand to select different TDD configuration between bands. In addition, the terminals would be able to handle inter TDD-TDD CA capable terminals available even in the unsynchronized network. That is one of the reasons that the capability of “SimultaneousRx-Tx” is specified in 3GPP specifications since the UE requirements are different between only synchronization network capable terminals and un-synchronization capable terminals. Without this capability, un-synchronized TDD-TDD CA networks configure TDD-TDD CA to terminals not available under unsynchronized inter TDD-TDD CA network. To avoid this situation, the capability to identify which terminals can handle inter band TDD-TDD CA under unsynchronized network.

In summary, if we compare these matters in TDD-TDD CA and CA with harmonic issue, they are quite similar. Hence, we believe that it is essential to introduce the similar capability to distinguish the UEs with trap filter and the UEs without trap filter. Note that for simplicity, we denote the capability to suppress harmonics as “CA with harmonics”.

Table 2.3-1: Comparison between the matters in TDD-TDD CA and CA with harmonic
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3.4.3. Urgency of the capability introduction

The solution itself shall be discussed in RAN2. Now release 12 is being closed. Provided that if this solution was introduced in Rel-13, if some operators propose to introduce the requirements for B3+B8 with HF, then, the new terminals with Rel-10 chip set cannot have this capability since generally Rel-10 UEs can support this new CA configuration in a release independent manner. Therefore, it is better to share the necessity and request RAN2 to define this new capability from Rel-10 onwards.
· Observation 6: 
· It is better to share the necessity to define this new capability in RAN2 since basically Rel-10 UEs can support the CA configuration whose requirements without HF are changed into those with HF.
· RAN4 should send an LS to RAN2 to request the introduction of the new capability to identify which UEs have ability to deal with harmonics at the earliest possible release.
4. Conclusion
In this contribution, we discussed how to handle the harmonic issue for CA configuration for Class A2. As a result, we share the following options. To make maximize an opportunities to use a certain CA configuration at an appropriate timing and performance, we propose to adopt the option 3. Note that the associated LS on Proposal 2 is proposed in [3].
· Option 1: Identify different UE implementation from its release.

· Option 2: Create a new CA configuration with different name.

· Option 3: 
· Introduce a capability to identify which UEs have capability to handle harmonic issue for a certain CA configuration.
· To make maximum use of this feature, it would be better to introduce this feature in the earlier release as much as possible.

· Proposal 1: 
· Adopt option 3. 

· Introduce a capability to identify which UEs have capability to handle harmonic issue for a certain CA configuration.
· Proposal 2: 

· RAN4 should send an LS to RAN2 to request the introduction of the new capability to identify which UEs have ability to deal with harmonics at the earliest possible release..
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