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1
Introduction

During the last many meetings, RAN4 has been discussing the topic of alignment of the IncMon FDD/TDD dual mode requirements with those of FDD/TDD dual mode legacy requirements. During the RAN4#77 meeting in Anaheim in November last year a discussion paper was submitted with support from many companies in [5] with CRs for correcting the errors submitted in [6, 7]. The main open issue is well illustrated in the WF on the topic, which was agreed in [4] in which interested companies were encouraged to give input regarding following two questions:

1) Is it possible to obtain same performance of NPG under IncMon requirements as in legacy with similar network configuration possibilities as in legacy?
2) Is it possible to obtain same performance of NPG under IncMon requirements as in legacy with similar network configuration possibilities as in legacy but with additional carriers to monitor in RPG?
In this paper we provide the brief summary of the problem and illustrate the main issue by providing input to the questions [9].
2
Summary of the IncMon Discussion
Under discussion are the requirements for an FDD/TDD dual mode UE under IncMon. Main issue to address is the number of carriers in the Normal Performance Group (NPG) and whether this number should be aligned with non-IncMon (legacy) requirements or not [1]. The discussion does not relate to the IncMon requirements for single mode UE (i.e. UEs only capable of either FDD or TDD).
For a non-IncMon (or legacy) FDD/TDD dual mode UE the requirements are very clear and the UE shall be capable of monitoring at least 3 FDD E-UTRA inter-frequency carriers and 3 TDD E-UTRA inter-frequency carriers. This requirement is the same in both idle and connected mode.
For an IncMon capable and configured UE (single- and dual mode) the current specification only allows for a maximum total number of 3 carriers in the NPG - if the network also wants to configure additional carrier(s) in the Reduced Performance Group (RPG).

Having a maximum of 3 carriers in NPG is well aligned with the non-IncMon monitoring requirements for single mode UEs (either FDD or TDD capable UEs). Reason is that they are only required to be capable of monitoring 3 inter-frequency E-UTRAN carriers which is aligned with non-IncMon (legacy) requirements.
A maximum of 3 carriers in NPG will limit the IncMon use for dual mode UEs and essentially mean that an FDD/TDD dual mode capable IncMon UE can only monitor 3 carriers in NPG (if RPG is to be used). If more carriers are needed to be monitored with aligned legacy performance - all carriers will need to be in NPG. Increasing the number of carriers in NPG beyond 3 carriers will make it impossible to configure any carriers in RPG. And this basically leads to the fact that it is not possible for network to configure a dual mode FDD/TDD IncMon UE similarly as a non-IncMon UE for all the use cases where IncMon was targeted.

Summary:

So basic issue is whether an FDD/TDD dual mode UE in IncMon need to support up to 3 FDD and 3 TDD in NPG (as legacy) or whether an FDD/TDD dual mode UE in IncMon need to support in all 3 FDD or TDD in NPG.
In next section this will become clear, where by addressing the questions in the WF [4] it is seen that current mandatory Rel-12 IncMon requirements are different from legacy requirements for FDD/TDD dual mode UEs.
3
Addressing the Questions 
Two questions were asked in the WF [4]. In order to address the question it is easiest to use a practical example. As example, we can look at two deployment scenarios: in first case the network configures the FDD/TDD dual mode UE with 3 FDD inter-frequency E-UTRA carriers and 2 TDD inter-frequency E-UTRA carriers. In the second scenario, the same network would like to increase the number of monitored carriers by adding additional carriers in RPG, by use of IncMon.
The non-IncMon (i.e. legacy) dual mode UE requirements are as follows:

· Non-IncMon: As the UE is FDD/TDD dual mode capable then according to the non-IncMon UE requirements the UE shall be able to monitor all 5 carriers. These will be monitored with equal performance using non-IncMon scaling (linear scaling) based on the number of carriers configured.

Next we look at the IncMon requirements for the FDD/TDD dual mode capable UE and the two questions in the WF [4] – first one being:

1) Is it possible to obtain same performance of NPG under IncMon requirements as in legacy with similar network configuration possibilities as in legacy?
· As the UE is FDD/TDD dual mode capable UE shall be able to monitor all 5 carriers according to the IncMon UE requirements. The number of configured carriers that the network wants the UE to monitor exceeds 3. The only way the network can obtain same behavior from IncMon UEs (as for legacy UEs) is to place all carriers in the NPG, but this yields a completely different performance requirement for all the carriers monitored (see question 2). If the network is not planning carriers in RPG or to configure greater than the legacy minimum number of carriers, the same UE behavior can be observed from IncMon and non-IncMon UEs - but in this scenario the IncMon is as such not needed.
Second question asked:

2) Is it possible to obtain same performance of NPG under IncMon requirements as in legacy with similar network configuration possibilities as in legacy but with additional carriers to monitor in RPG?
· As for question 1 the UE is FDD/TDD dual mode capable UE and shall be able to monitor all 5 carriers according to the IncMon UE requirements. As before the number of configured carriers to monitor exceeds 3 and the only way to get similar IncMon and non-IncMon requirement is to place all carriers in NPG. But having 5 carrier and all in NPG makes it impossible to have carriers in RPG. I.e. as number of carriers in NPG exceeds the maximum limit of 3 carriers this means that RPG cannot be used (all carriers are placed in NPG). This means that the scenario 2 where the network wants the UE to monitor 5 carriers as legacy UE and in addition have UE to monitor additional carriers in RPG is not possible. Additional carriers would have to be in NPG which affects the overall performance of all other carriers in NPG.
I.e. this example clearly shows that in some scenarios for which IncMon was designed to help, it is not possible – with the current limit of 3 carriers in NPG - to use the IncMon feature for dual mode capable UEs. 
In general – if the network already configures dual mode UEs with more than 3 carriers and would like UE to monitor additional carriers in RPG – this is not possible while maintaining similar homogeneous UE behavior among IncMon and non-IncMon UEs in the field. 

One of the basic design principles when discussing IncMon was allowing smooth introduction of IncMon without need for network to change network mobility parameter settings in already deployed networks.
From above examples it is shown this it is not possible when discussing IncMon requirements for FDD/TDD dual mode UEs. 
4
Proposed Actions 
As discussed in many previous RAN4 meetings it is proposed to correct this misalignment, and align the number of carriers in NPG for FDD/TDD dual mode UEs. As mentioned the current IncMon specification does allow aligned requirements for single mode (FDD or TDD) UEs and correction is only to align requirements for FDD/TDD dual mode UE to allow network to configure such IncMon UE and non-IncMon UE to have similar performance in field.
Legacy requirements states:

The UE shall be capable of monitoring at least:

-
Depending on UE capability, 3 FDD E-UTRA inter-frequency carriers, and

-
Depending on UE capability, 3 TDD E-UTRA inter-frequency carriers, and

And this is applicable for both Idle and Connected mode.

This means that a single mode UE shall be able to monitor 3 xDD E-UTRA inter-frequency carriers depending on its capability (FDD/TDD) while an FDD/TDD dual mode UE shall be able to monitor 3 FDD and 3 TDD E-UTRA inter-frequency carriers – 6 in all.
Proposal 1: IncMon UEs shall support legacy requirements in NPG as specified from Rel-8.

IncMon requirements needs to be aligned with legacy such that smooth role out the feature is possible with no significant impact on current network settings. I.e. it needs to be possible to have 6 carriers in NPG for a FDD/TDD dual mode UE. Since IncMon is a recently standardised feature and there are not yet commercial deployments with IncMon, it is our preference that this issue is solved in release 12 specifications rather than creating different requirements for release 12 and release 13 IncMon UEs. Creating two different IncMon UE types and capabilities would further complicate UE configuration since operators would need to consider different configurations for non-IncMon, release 12 IncMon and release 13 IncMon UEs.
Proposal 2: Align number of carrier in IncMon NPG for FDD/TDD dual mode UEs with legacy requirements for dual mode UEs in release 12.
Further detailed discussion is provided in [5] with CRs for introducing the necessary changes in [13, 14] for E-UTRAN and UTRAN.

5
Conclusions

In this contribution, we have discussed the misalignment between legacy requirements and IncMon requirements which significantly limits the use of IncMon in the networks. 

Summary:

Basic issue is whether an FDD/TDD dual mode UE in IncMon need to support up to 3 FDD and 3 TDD in NPG (as legacy) or whether an FDD/TDD dual mode UE in IncMon need to support in all 3 FDD or TDD in NPG.
Based on the discussion there is a need to align the IncMon NPG requirements with legacy requirements for dual mode capable UEs as otherwise the use of the IncMon feature will be significantly limited. 
The IncMon requirements need to be aligned with legacy from Rel-12 such that a smooth roll out the feature is possible without impacting current network settings. To enable this it needs to be possible to have 6 carriers in NPG for a FDD/TDD dual mode UE, and it is proposed:
Proposal 1: IncMon UEs shall support legacy requirements in NPG as specified from Rel-8.

Proposal 2: Align number of carrier in IncMon NPG for FDD/TDD dual mode UEs with legacy requirements for dual mode UEs in release 12.

Further detailed discussion and CRs are provided in [5, 13, and 14]
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