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1. Introduction

In RAN4#64bis, the RAN4 part of UE capabilities was discussed and an LS to RAN and RAN2 was agreed[1]. However for a number of feature groups, consensus was not achieved and we think it would still be beneficial to discuss these items further in RAN4#65 with a view to providing clearer guidance to RAN/RAN2.
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2. Discussion

feICIC CRS interference handling
For this feature, there was no consensus on the recommendation from RAN4 and no majority view. The companies who felt that feICIC CRS interference handling should be a mandatory feature argued that this would ensure a large population of UE supporting the feature which was necessary for the successful network deployment of feICIC. On the other hand, in HSDPA all major features introduced since release 6 have been optional and market forces have successfully ensured that both network vendors and UE chipset vendors have worked together to implement the feature set which commercially makes sense. HSPA features such as DC-HSDPA, continuous packet connectivity and cell FACH enhancements have been successfully deployed without the need to make them mandatory. We therefore think it is unlikely that mandating feICIC will significantly affect the size of UE population which supports the feature in a timely manner. On the other hand, the ability to cancel CRS interference does imply a more complicated UE receiver and there may be future devices such as low cost MTC, for which implementation of feICIC is less critical. Since these devices may operate only at lower data rates, it may be less critical that they support 9dB CRE, even though they may need to implement other release 11 or future release MTC features to achieve their purpose. We do not make this statement categorically (eg there may also be a need for these devices to implement feICIC), but our view is that it would be better to defer decisions such as this to a time when the implications of certain device classes supporting or not supporting feICIC can be better understood. 
Since eICIC is mandatory for release 10 devices, any release 11 device should also support eICIC which provides the possibility to perform 6dB CRE. We would like to emphasise here that the intention is not to limit the population of devices supporting feICIC which we think will anyway be determined by commercial considerations outside of the scope of 3GPP discussions, but rather to ensure that specifications are future proof and if there exists any technical possibility that some future class of devices would not need feICIC to the same extent as current device classes, RAN4 should not predetermine that a more complicated receiver architecture and additional testing is mandatory.
Proposal 1 : To ensure future proof specifications, feICIC CRS interference handling should be optional and handled with a UE capability

feICIC SS and common channel interference handling
Similar arguments apply to the additional functionalities needed to perform SS and common channel interference handling. There was some discussion about whether the CRS, SS and common channel interference handling should be combined to be a single capability in RAN4#64bis. In our view it would be better to keep the two functionalities as separate capabilities because at least for FDD feICIC there is also the possibility that the E-UTRA network can handle PSS/SSS/P-BCH IC by subframe shifting. If there is a mixed population of release 10 eICIC UE and release 11 feICIC capable UE then it seems rather likely that FDD networks may perform subframe shifting to provide protection to the release 10 UEs for instance for PSS/SSS/P-BCH/SIB1. Keeping the capabilities separate could therefore allow a phased introduction of feICIC functionality in FDD networks, for instance first of all introducing the CRS cancellation aspects when release 10 UEs also need to be supported, and then introducing PSS/SSS/P-BCH cancellation later as the release 10 UE population starts to become less significant. As previously mentioned, the discussion about future proof specifications for CRS-IC is equally relevant for the SS and common handling.
Proposal 2 : To ensure future proof specifications, feICIC SS and common channel interference handling should be optional and handled with a UE capability

feICIC need for FDD/TDD differentiation

In RAN4#64bis, it was agreed that RAN working groups would discuss only technical aspects of FDD/TDD differentiation with discussion about IOT and non technical aspects taking place later in RAN plenary.

Based on proposal 2, it seems desirable to separate FDD and TDD for SS and common channel interference handling because subframe shifting is not an option for TDD. Hence we see that it would also be beneficial to separate FDD and TDD capabilities in feICIC, so that an FDD/TDD UE can, for example, indicate that it has capability for CRS interference handling in both modes, but SS and common channel interference handling for TDD mode only. Due to UL/DL switching, there may also be detailed algorithmic differences between the CRS handling receiver implementations for FDD and TDD, even though the mapping from CRS sequence to symbols in TS36.211 depends on antenna port p and subframe number ns in a mode agnostic manner.
Proposal 3 : FDD/TDD differentiation is recommended for feICIC interference handling optionality and capabilities.

RSRQ measurement bandwidth
For this topic, discussion was deferred until technical details of the solution became clearer. Later in the RAN4#64bis meeting, an LS was agreed which gives some further details of the technical solution which is envisaged[2], at least for connected states 
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For this discussion, we note that the feature is only necessary in some special scenarios, and it may be that for instance for UE that support only certain bands, they will not encounter the scenarios where WB-RSRQ would provide a benefit. For this reason, we think that it could be reasonable to define a UE capability for WB-RSRQ measurement. Again, we would emphasise that the intention is not to avoid implementation of features which provide benefit in the network (and are thus in the interest of all parties participating in 3GPP to implement) but rather to ensure future proof specifications where an additional feature implying a certain incremental complexity is mandated despite the possibility that there may be classes or types of devices which do not need to support it.

Proposal4: WB-RSRQ is an optional feature for UE, with a corresponding capability.
Another aspect which we think would benefit from discussion in RAN4 is the complexity of CRS cancellation if feICIC and WB-RSRQ feature combination are used together. To measure WB-RSRQ would imply that an feICIC UE also needs to perform wideband CRS cancellation for RRM measurement processing, whereas without WB-RSRQ capability the UE would be able to perform CRS cancellation in the central 6RB only. While introducing separate capabilities for wideband-RSRQ and feICIC does not solve this problem completely, we think it would be beneficial to discuss in RAN4 if there is a need to support both capabilities simultaneously and if so, what is the impact on UE complexity.
Proposal 5 : RAN4 discusses whether WB-RSRQ and feICIC need to be supported simultaneously, and if so what are the complexity impacts.
We do not have a strong view from a technical perspective on whether FDD/TDD differentiation of WB-RSRQ is necessary, although we would expect to indicate in later RAN plenary discussion on the topic that it would be safer from IOT perspective.
3. Conclusions

In this contribution we discuss the UE capabilies issues which RAN4 did not reach a consensus on in RAN4#64bis, and which we think would beneficially be discussed further in RAN4#65 in order to provide clearer guidance to RAN and RAN2. Based on the discussion, we make the following proposals
Proposal 1 : To ensure future proof specifications, feICIC CRS interference handling should be optional and handled with a UE capability

Proposal 2 : To ensure future proof specifications, feICIC SS and common channel interference handling should be optional and handled with a UE capability

Proposal 3 : FDD/TDD differentiation is recommended for feICIC interference handling optionality and capabilities.

Proposal4: WB-RSRQ is an optional feature for UE, with a corresponding capability.

Proposal 5 : RAN4 discusses whether WB-RSRQ and feICIC need to be supported simultaneously, and if so what are the complexity impacts
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Explicit indication is signaled by the network to inform the UE to perform wider bandwidth RSRQ measurement.


The indication is signaled per E-UTRA carrier frequency.


It applies to intra-frequency, inter-frequency and inter-RAT E-UTRA (i.e. when serving cell is UTRA) 


Applicable in E-UTRAN in RRC-CONNECTED state and UTRAN in CELL_DCH state.


It applies when AllowedMeasBandwidth is 10 MHz or larger.


Measurement Bandwidth information


Use existing parameter AllowedMeasBandwidth defined in TS 36.331 to inform UE about allowed measurement bandwidth.


The actual measurement bandwidth is up to UE implementation





Idle mode is FFS.












