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1 Introduction

Some of the following UE features were discussed and agreed for a Rel-12 cat.0 UE in RAN1. This list of characteristics has been compiled based on the updated Rel-12 LC MTC WID [1], the RAN#56 LC MTC WI status report [2] and RAN1 agreements' summary created after RAN1#77 [3]:
· Support of single Rx antenna.

· Downlink and uplink maximum TBS size of 1000 bits

· No need to support 64QAM for uplink

· The maximum number of supported layers for downlink and uplink is 1

· For Cat 0 UEs, SPS is supported.

· All HD FDD Cat-0 UEs are assumed to have 1 oscillator.

· Transmission mode(s) and EPDCCH supported by Cat. 0 UEs are the same as Cat. 1 UEs.

· TTI Bundling is supported for Cat.0 UEs.

Our understanding is that RAN1 has discussed only whether some existing features are supported or not, but has not yet had an exhaustive discussion of all features. It might be assumed that all features, except those explicitly agreed (as is shown above), should be supported in the same way as for a cat.1 UE. However there has not been any explicit agreement of this kind.
This contribution discusses whether for category 0 UEs, some UE mandatory features may not need to be supported or could be considered as optional. In addition, RAN2 specification impact is explained in order to support that UE mandatory features from previous releases become optional for category 0 UEs.
2 UE features for cat.0 
Category 0 UEs are targeted at low-end applications that could be characterized by low data rate and delay tolerance such as some MTC use cases. The main driving factor of this new UE category was to reduce the complexity and if possible the associated cost. Therefore it is important for companies in RAN2 to discuss whether this cat.0 UE should support all mandatory features that have not already been explicitly excluded.
For Rel-8/9/10/11, we believe that all the RAN2 mandatory or conditional mandatory features could still be applicable and feasible for Rel-12 cat.0 UE without increasing the complexity or cost significantly (Annex includes Rel-10/11 RAN2 features for further reference). For Rel-12, RAN plenary has not yet discussed the mandatory/optional features support. Therefore RAN2 can still not conclude in this regard; however RAN2 could consider different requirements for Cat.0 UE if any of the future agreed Rel-12 mandatory/optional feature is applicable differently for cat.0 UE i.e. excluded or as optional instead of mandatory. 
Proposal 1. RAN2 to confirm that all RAN2 related Rel-8/9/10/11 mandatory UE features also apply for cat.0 UEs.
Proposal 2. RAN2 to consider different requirements for Cat.0 UE if any Rel-12 mandatory feature is agreed for non-Cat.0 UEs.
In addition, half-duplex FDD (HD-FDD) operation is considered a beneficial technique for Cat.0 UE as it reduces UE cost by simplifying the RF implementation [4]. On this regard, we believe that it is important to clarify whether legacy mandatory/optional feature support also applies to HD-FDD.
Proposal 3: RAN2 to confirm that the same mandatory/optional features for Cat.0 FDD UE apply for Cat.0 HD-FDD UE.

A RAN1 contribution [5] submitted to RAN1#79 (Nov.2014) discusses whether all mandatory/optional RAN1 UE features are applicable for category 0. In this contribution, it is proposed that the following legacy mandatory features are optional for cat.0 UEs:
· For Rel-12: all features, if any.
· For Rel-11: 5-1 "CRS interference handling" for FeICIC WI and 7-2 "UL CoMP operation" for CoMP WI.

· For Rel-10: 1-1 "DMRS with OCC and SGH disabling" for UL MIMO, 1-4 "Aperiodic SRS" for UL MIMO and 4-1 "eICIC measurement restriction" for eICIC.
· For Rel-9: OTDOA intra-freq.
If this proposal is agreed in RAN1 then RAN2 will be required to provide the appropriate signaling support. The potential way forward is described below in order for RAN2 to support that certain legacy UE mandatory features that are optional for Rel-12 cat.0 UEs:
· For Rel-11/12: the mandatory features support information is included as part of the UE Capability Information; therefore this same information could also be  used easily to indicate whether the cat.0 UE supports or not those features.
· For Rel-8/9/10: if a legacy mandatory feature requires eNB to know whether UE supports it or not, when that feature switches from mandatory to optional for cat.0 UEs, capability signaling needs to be introduced regardless of whether the legacy mandatory feature has associated FGI. If the mandatory feature already has a FGI bit defined, another approach may be to use that FGI bit to indicate the optionality of the mandatory legacy features for cat.0 UE. 
Proposal 4. If RAN1 requests RAN2 to consider any Rel-11/12 mandatory feature as optional for Rel-12 Cat.0 UE, it is proposed that RAN2 agrees on using UE capability signaling of those mandatory features. If agreed, the corresponding description in TS 36.306 needs to be updated.

Proposal 5. If RAN1 requests RAN2 to consider any Rel-8/9/10 mandatory features as optional for Rel-12 Cat.0 UE, it is proposed that RAN2 agrees on introducing new UE capability signaling and/or changing the definition of FGI bit for those features where eNB needs to know whether the UE supports it or not. If agreed, the corresponding changes need to be captured in TS 36.306 and ASN.1 UE capability signaling introduced in TS 36.331.
3 Conclusion

In this contribution, we discuss whether for category 0 UEs, RAN2 UE mandatory features need to be supported and how to enable this optional support indication for mandatory features in RAN2 specification. The proposals are listed below:
Proposal 1. RAN2 to confirm that all RAN2 related Rel-8/9/10/11 mandatory UE features also apply for cat.0 UEs.

Proposal 2. RAN2 to consider different requirements for Cat.0 UE if any Rel-12 mandatory feature is agreed for non-Cat.0 UEs.

Proposal 3: RAN2 to confirm that the same mandatory/optional features for Cat.0 FDD UE apply for Cat.0 HD-FDD UE.
Proposal 4. If RAN1 requests RAN2 to consider any Rel-11/12 mandatory feature as optional for Rel-12 Cat.0 UE, it is proposed that RAN2 agrees on using UE capability signaling of those mandatory features. If agreed, the corresponding description in TS 36.306 needs to be updated.

Proposal 5. If RAN1 requests RAN2 to consider any Rel-8/9/10 mandatory features as optional for Rel-12 Cat.0 UE, it is proposed that RAN2 agrees on introducing new UE capability signaling and/or changing the definition of FGI bit for those features where eNB needs to know whether the UE supports it or not. If agreed, the corresponding changes need to be captured in TS 36.306 and ASN.1 UE capability signaling introduced in TS 36.331.
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5 Annex
5.1 Rel-11 RAN2 UE Features
The table below shows RAN2 UE features for Rel-11 indicating in blue those that are considered mandatory or conditionally mandatory.
	WI
	#
	Feature Group
	TSG-RAN Decision

	1. CA enhancements
	1-1
	Multiple TA
	Optional for intra-band UL CA band combinations.
Mandatory for FDD inter-band UL CA band combinations.
Optional for TDD inter-band UL CA band combinations.

	
	1-4
	PDCP SN extension
	Optional with capability signalling

	2. eDDA
	2-1
	Power preference indication
	Optional with capability signalling

	3. MBMS SC
	3-1
	Service continuity
	Optional with capability signalling

	6. IDC
	6-1
	FDM and TDM based solutions
	Optional with capability signalling

	8. RAN overload control for MTC
	8-1
	Extended Access Barring
	Mandatory for Ues supporting access subject to EAB

	9. eMDT
	9-2
	Accessibility measurement
	Mandatory w/o capability signalling

	
	9-3
	Enhanced location information
	Optional with capability signalling

	
	9-4
	Event triggers for Immediate MDT
	Mandatory for all Rel-11 Ues.
UE may still not support reporting of the detailed location information.

	12. Other
	12-3
	vSRVCC
	Optional (No AS capability signalling is required)

	
	12-4
	Enhancement towards RLF report
	Mandatory w/o capability for intra-LTE enhancements
Optional w/o capability for inter-RAT MRO

	
	12-6
	ROHC context continuation
	Optional with capability signalling

	
	12-7
	RRC Connection Reject with deprioritisation
	Optional without capability signalling

	
	12-8
	CDMA2000 network sharing
	Optional with capability signalling


5.2 Rel-10 RAN2 UE Features

The table below shows RAN2 UE features for Rel-10 indicating in blue those that are considered mandatory or conditionally mandatory.
	WI
	#
	Feature Group
	TSG-RAN Decision

Mandatory/Optional
	TSG-RAN Decision

FGI

	MDT
	5-1
	Logged MDT
	Optional

(Capability signalling has already been defined.)
	

	
	5-2
	Immediate MDT
	Mandatory
	

	
	5-3
	RLF reporting
	Mandatory 
	

	Others
	6-1
	eMPS CSFB redirection
	Mandatory for UEs supporting CSFB to UTRA
	

	
	6-2
	CSFB access barring control
	Mandatory for UEs supporting CSFB to UTRA/ GERAN
	

	
	6-3
	Additional reporting for UTRA
	Mandatory for UEs supporting UTRA measurements in E-UTRA
	FGI is required.

	
	6-4
	e1xRTT CSFB for dual Tx/Rx UE
	Optional

(Capability signalling has already been defined.)
	

	
	6-5
	MBMS counting
	Optional

(No capability signalling is required.)
	

	
	6-6
	CN overload control for MTC
	Mandatory for delay tolerant UEs
	

	
	6-7
	Extended BSR size (for UEs supporting neither UL CA nor UL MIMO)
	Mandatory
	


