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1 Introduction

In RAN #60, some discussion took places in order to finalize the remaining issues for LTE Release 11 UE capabilities, but final agreement could not be reached due to the absence of consensus among operators on which features should be mandated and which other features should be optional. In this contribution, LG’s views on the remaining issues for Release 11 UE capabilities are provided in order to facilitate discussion among operators.  
2 Discussion 
As was proposed in [1], it is suggested RAN should review and confirm WG recommendations on mandatory/optional features given in [2][3][4].
As RAN already agreed to make PDCP SN extension (#1-4) optional during RAN #60, there are currently 5 issues remaining to be resolved which are listed below.

· FeICIC (#5-1, #5-2)/ePDCCH (#10-1):
Alternatives are provided in [2] (also see Annex), but not yet decided. 

· Multiple-TA (#1-1) (CA enhancements):  Whether it is mandatory for inter-band UL CA band combinations. (For intra-band combinations, it was agreed as optional.)

· DL CoMP with a single CSI process (#7-0): Whether it is mandatory or optional.

· Wideband RSRQ measurements (#12-5): Whether it is mandatory or optional.

When UE capability related issues were discussed in RAN1 WG in the past, following criterion was generally considered as reasonable in classifying which features are to be mandated [5]
Criterion #1

· Features that, if implemented in a UE, benefit primarily the performance of the given UE. If not implemented, the achievable link performance of the other UEs in the system is not directly impacted. Consider designating these features optional. Exceptions could be made if the feature is part of a larger feature that is already optional
· Features that, if implemented in a UE, benefit the performance of both the given UE and other UEs.  If not implemented in a given UE, the achievable link performance of the other UEs in the system are directly impacted. 

In addition to the above criterion, it is suggested another general consideration is taken when we think of UE capability, which is summarized as criterion #2 in the following.
Criterion #2: Certain feature should be mandated if this feature can be seen as basic functionality rather than specific feature per se based on which multiple other features could be defined (whether they are in the same release or for future releases onward) 

In this contribution, mandatory/optional settings for the remaining features are proposed taking into account the above criteria. 
Firstly, as for FeICIC (#5-1, #5-2)/ePDCCH (#10-1), it is proposed to take alternative #2 among 3 alternatives provided by RAN1 WG, meaning that all the 3 features should be mandated for Release 11 UEs based on the rationale given below.

· EPDCCH (#10-1)
This feature is to enable reception of EPDCCH by UE. EPDCCH is beneficial in terms of increased control channel capacity, support of frequency domain ICIC for control channel, improved spatial reuse for control channel resource, and is also an essential element to support quite lot of future extensions. EPDCCH can be used in addition to PDCCH in case of capacity limit for PDCCH. Also, if CoMP scenario 4 is to be considered, EPDCCH is essential to provide cell split gain. Eventually if more and more UEs support EPDCCH, operator is allowed to have freedom of reducing the PDCCH control channel resources and giving these resources to transmission of PDSCH and EPDCCH depending on situation, which leads to system level performance gain. In this sense, EPDCCH fits into criterion #1. Also, taking into account current RAN1 WI/SI discussion, more and more features tend to rely on the utilization of EPDCCH as pre-requisite for proper operation. In fact, EPDCCH can be seen as basic function similar to PDCCH and hence this feature satisfies criterion #2. Taking into account practical and various use cases of EPDCCH in Rel-11, and also future use cases in later release to enable UE-specific control channel transmission, it is highly recommended that EPDCCH reception should be mandated for Release 11 UEs
Recommendation 1: reception of EPDCCH should be mandated for Release 11 UEs
· FeICIC (#5-1, #5-2)
#5-1 (CRS interference handling) feature enhances the Rel-10 eICIC and facilitates heterogeneous network deployments. As evaluated in RAN1 by multiple companies in Rel-10 and in Rel-11, the gain achievable from heterogeneous network deployments is very limited without CRS interference handling. Also, in order for UE to operate properly in 9dB cell range expansion area, CRS interference handling seems to be essential feature to be supported. In addition, utilization of CRS interference handling in UE receiver tends to be more and more general assumption for performance requirements of many other features in Release 12, in addition to FeICIC, such as WI of homogeneous interference handling and SI of network assistance interference cancellation and suppression. Therefore, taking into account the above reasoning, it is proposed CRS interference handling should be mandated.

As for #5-2 (SS and common channel interference handling), this feature is considered somewhat secondary in terms of the achievable gain compared to the CRS interference handling. Even if UE is not implemented with #5-2 features, full benefits of FeICIC can be achieved over the system deployed with frame/subframe shifts. In this perspective, making the feature optional seems sufficient.
Recommendation 2: CRS interference handling should be mandated.
Recommendation 3: interference handling of SS and common channels is preferred to be optional.

As for the other remaining features, followings are our suggestion.
· DL CoMP with a single CSI process (#7-0)
In Rel-10, TM9 with up to 4 Tx was decided as mandatory for all UE categories. Feature #7-0 is new TM that utilizes couple of new functions in addition to basic TM9 functionalities such as utilization of IMR (Interference Measurement Resource) and QCL (Quasi-CoLocation) among different antenna ports. These new functionalities are quite simple from UE complexity perspective but provide practical benefits and use cases not only for Release 11 but also for future releases. Indeed, more and more WI/SIs on the table for Release 12 are now assuming these functionalities. Based on these reasoning, #7-0 seems to satisfy criterion #2. Therefore, it is proposed that #7-0 should be supported as mandatory for all UE categories. As for the differentiation according to the number of antennas, the same rule as Release 10 can be re-used
Recommendation 4: DL CoMP with a single CSI process (#7-0) should be mandated up to 4Tx for all UE categories. Differentiation according to the number of Tx antennas can be based on Release 10 rule.
· Multiple TA (#1-1)

As was proposed in [6], support of MTA (Multiple Timing Advance (#1-1) ) is essential function for UE to operate inter-band UL CA in non-co-located scenarios and in typical co-located scenarios. If support of MTA in inter-band UL CA is UE-dependent feature, Network cannot manage that all the UE’s UL signals are received in given synchronisation condition in such scenarios so that UEs without MTA capability will interact with other UEs as interference which results in system performance degradation. Therefore, MTA meets criterion #1. Moreover, MTA is likely to become a basic UL operation in future release features supporting non-co-located scenarios, such as dual connectivity in small cell enhancements, where separate synchronization and MAC operation between dual connection cells are already being discussed in RAN1 and RAN2. Therefore MTA satisfies criterion #2 as well. Therefore, MTA should be supported as a mandatory feature for Rel-11 UEs and onwards supporting inter-band UL CA band combinations
Recommendation 5: Multiple TA should be mandated for UEs supporting inter-band UL CA.
· Wideband RSRQ

Wideband RSRQ measurement is to support efficient handover between E-UTRAN and E-UTRAN and between E-UTRAN and UTRAN in different bandwidths. Therefore it is foreseen that benefits from wideband RSRQ measurement are achievable selectively by the operators/regions which support relevant handover scenarios. In addition, the benefits from wideband RSRQ seems mainly for the UEs who support the feature while other UEs who don’t support the feature can be already managed by the current releases in the same system. Therefore, we think support of wideband RSRQ is preferred to be optional.
 Recommendation 6: Wideband RSRQ is preferred to be optional.
3 Conclusion
In this contribution, LG’s view on the remaining issues for LTE Release 11 UE capabilities is provided. The purpose of this contribution is to provide mobile vendor’s view in order to facilitate the discussion among operators.
Recommendation 1: reception of EPDCCH should be mandated for Release 11 UEs

Recommendation 2: CRS interference handling should be mandated

Recommendation 3: interference handling of SS and common channels is preferred to be optional.

Recommendation 4: DL CoMP with a single CSI process (#7-0) should be mandated up to 4Tx for all UE categories. Differentiation according to the number of Tx antennas can be based on Release 10 rule.

Recommendation 5: Multiple TA should be mandated for UEs supporting inter-band UL CA.
Recommendation 6: Wideband RSRQ is preferred to be optional.
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