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1 Introduction
 According to the agreements [1] in Rel-12 for LC MTC, not all features were discussed. In this contribution, we discuss the RAN1 related UE features for cat 0 UE.
2 Backgrounds 
 Some features discussed and agreed in [1] (including the starting point of the discussion in WID [2]) are:
1. 1 Rx antenna.

2. Downlink and uplink maximum TBS size of 1000 bits
3. No need to support 64QAM for uplink

4. The maximum number of supported layers for downlink and uplink is 1
5. For Cat 0 UEs, SPS is supported.
6. All HD FDD Cat-0 UEs are assumed to have 1 oscillator.
7. Transmission mode(s) and EPDCCH supported by Cat. 0 UEs are the same as Cat. 1 UEs.
8. TTI-Bundling is supported for Cat.0 UEs.

 RAN1 basically discussed whether some existing features are supported or not. It may be generally understood as all features, except explicit agreements, are supported like cat 1 UE – however, there is no such an agreement either. In that sense, it is not clear which features are supported in details. Also, if such features are supported, it also needs to be clarified if the supported features are mandatory or optional.

3 Discussion on cat 0 UE Features
3.1 Existing Optional Features for Rel-8/9/10/11

 Our view is that the existing optional features can be still optional for cat 0 UE. Thus, we can focus on the mandatory features for Rel-8/9/10/11 and the undetermined Rel-12 features, for further discussion.

Proposal 1: All the existing optional features for Rel-8/9/10/11 are also optional for cat 0 UE.

3.2 Rel-12 Features

 For Rel-12 features [3] which have not been fully decided between mandatory and optional, Table 1 shows the current decisions and our views with the following note:
· Our view is that all features can be optional for cat 0 UE regardless of the discussion outcomes given that they are not anticipated as essential features. 
· Although the feature group 8-2 (No Resource Restriction for TTI Bundling) is currently recommended as ‘mandatory with capability signaling’, our view is that it may not be essential especially considering 1000 TBS restriction for cat 0 UE.
Table 1 Rel-12 features (under discussion) [3]
	WI
	#
	Feature Group
	Prerequisite feature groups 

(listed in this sheet or Rel-8/9/10/11 features)
	RAN WG recommendation
	Intel’s view for cat 0 UE

	1. DL MIMO enhancement
	1-1
	Rel-12 4Tx codebook
	TM8, 9, and 10
	TBD
	Optional

	
	1-2
	CSI feedback
	TM4, 6, 8, 9, and 10
	TBD
	Optional

	2. LTE TDD-FDD Joint Operation including Carrier Aggregation
	2-1
	TDD-FDD CA with FDD PCell
	DL CA, Single carrier TDD, Single carrier FDD
	TBD
	Optional

	
	2-2
	TDD-FDD CA with TDD PCell
	DL CA, Single carrier TDD, Single carrier FDD
	TBD
	Optional

	3. SCE Physical Layer
	3-1
	256QAM for unicast transmission
	None
	TBD
	Optional

	
	3-2
	256QAM for MTCH on  PMCH
	3-1
	TBD
	Optional

	
	3-3
	UE procedure related to small cell on/off by CA SCell activation/deactivation
	CA and 3-4
	TBD
	Optional

	
	3-4
	CRS-based discovery signal/procedure
	None
	TBD
	Optional

	
	3-5
	CSI-RS based discovery signal/procedure
	3-4
	TBD
	Optional

	4. ProSe
	4-1
	[FFS] Discovery, sync
	
	TBD
	Optional

	
	4-2
	[FFS] Discovery, async
	4-1
	TBD
	Optional

	
	4-3
	Communication, Mode 2
	4-4
	TBD
	Optional

	
	4-4
	[FFS] Communication, Mode 1
	
	TBD
	Optional

	5. NW assisted IC for LTE
	5-1
	PDSCH interference handling for 2 CRS APs
	None
	TBD
	Optional

	
	5-2
	[TBD] PDSCH interference handling for 4 CRS APs
	5-1
	TBD
	Optional

	6. Low cost MTC UE for LTE
	6-1
	Low cost MTC
	None
	N.A. (This feature is connected with category 0)
	N.A.

	
	6-2
	Half duplex
	None
	TBD
	Optional

	
	6-3
	Single receiver RF
	6-1
	TBD
	Optional

	7. eIMTA
	7-1
	UL-DL re-configuration via L1 signaling for non-CA and CA (if supported) with TDD Pcell
	
	TBD
	Optional

	
	7-1a
	UL-DL re-configuration via L1 signaling with FDD Pcell
	2-1 and 7-1
	TBD
	Optional

	
	7-2
	Subframe set dependent UL power control
	None
	TBD
	Optional

	
	7-3
	Rel-12 Subframe set dependent CSI measurement / feedback and PDSCH/EPDCCH RE mapping with 2 ZP-CSI-RS configurations
	None
	TBD
	Optional

	8. LTE coverage enhancements
	8-1
	eHARQ Pattern For TTI Bundling
	None
	TBD
	Optional

	
	8-2
	No Resource Restriction For TTI Bundling
	None
	Mandatory with capability signaling
	Optional


Proposal 2: All Rel-12 features are optional for cat 0 UE.

3.3 Rel-11 Mandatory Features
  For Rel-11 mandatory features, referring to [3], Table 2 (note: only mandatory features are listed as follows for convenience purpose and the optional features are regarded optional as discussed in the Section 3.1) shows the RAN decisions and our views on the feature groups as ‘mandatory’ with the following note:
· For WI 1. CA enhancements:
· The feature group 1-1 (Multiple TA) and 1-2 (Different UL/DL configuration) requires the prerequisite feature groups like UL CA in Rel-10 and TDD CA in Rel-10, respectively. Thus, those are already conditionally mandatory for a UE supporting CA. In other words, if a UE does not support CA, these features are not supported. In this regard, the same principle (i.e. mandatory for FDD inter-band UL CA band combinations on feature group 1-1, and mandatory for inter-band TDD CA capable UEs on feature group 1-2) can apply for cat 0 UE as cat 1 UE.

· For WI 5. FeICIC:

· The feature group 5-1 (CRS interference handling) and 5-2 (SS and common channel interference handling) do not require the prerequisite feature groups from previous releases. Thus, once they are mandatory in Rel-11, those should be mandatory in Rel-11 and onwards. It is well understood that the interference handling is beneficial in interference limited scenario (e.g. HetNet). However, towards this end, the implementation cost/complexity could be increased for cat 0 UE, where such cost/complexity analyses in terms of FeICIC have not fully been studied in Rel-12 WI. When considering the trade-off between performance gain and implementation cost, our view is that the feature group 5-1 should be optional for cat 0 UE. Since the feature group 5-2 needs the prerequisite feature group of 5-1, the same decision (Mandatory for TDD) can apply for cat 0 UE as cat 1UE.
· For WI 7. CoMP:

· The feature group 7-2 (UL CoMP operation) does not require the prerequisite feature groups of previous releases. Thus, once it is mandatory in Rel-11, it should be mandatory in Rel-11 and onwards. It is understood that the feature may require supporting some UE-specific parameters for PUCCH format 1a/1b resource starting offset and PUSCH and PUCCH DM-RS base sequences and cyclic shift hopping, and an expanded SRS power offset range for SRS power control. However, given that the cost/complexity analysis for UL CoMP related feature has not been fully discussed, it is our view that the feature group 7-2 is to be optional for cat 0 UE.
· For 12. Other:

· The feature group 12-1 (TDD special subframe) does not require the prerequisite feature groups from previous releases. Thus, once it is mandatory in Rel-11, it should be mandatory in Rel-11 and onwards. Given that the special subframe configuration is likely to be correlated with the cell deployment, the feature would need to be supported for cat 0 UE to operate in the cell. Thus, our view is that the same decision (Mandatory with capability signaling) can apply for cat 0 UE as cat 1 UE.
Table 2 Rel-11 mandatory features [3]
	WI
	#
	Feature Group
	Prerequisite feature groups 

(listed in this sheet or Rel-8/9/10/11 features)
	TSG-RAN decision
	Intel’s view for cat 0 UE

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

	
	1-2
	Different UL/DL configuration
	TDD CA
	Mandatory for inter-band TDD CA capable UEs
	Mandatory for FDD inter-band UL CA band combinations

	5. FeICIC
	5-1
	CRS interference handling
	None
	Mandatory
	Optional

	
	5-2
	SS and common channel interference handling
	CRS interference handling [5-1]
	Mandatory for TDD
	Mandatory for TDD

	7. CoMP
	7-2
	UL CoMP operation
	None
	Mandatory with capability signaling
	Optional

	12. Other
	12-1
	TDD special subframe
	None
	Mandatory with capability signaling
	Mandatory with capability signaling


Proposal 3: The following Rel-11 feature groups are to be optional for cat 0 UE:
· 5-1 (CRS interference handling) for FeICIC WI

· 7-2 (UL CoMP operation) for CoMP WI
3.4 Rel-10 Mandatory Features

For Rel-10 features, referring to [4]

 REF _Ref403044818 \r \h 
[5]

 REF _Ref403044819 \r \h 
[6], Table 3 shows the RAN decisions and our views on the feature groups with the following note:

· For UL MIMO:
· The feature group [1-1] (DMRS with OCC and SGH disabling) is mandatory for Rel-10 (with FGI only to UE supporting neither [1-2] nor [1-3]). The additional OCC to CS was mainly introduced to improve the channel estimation performance by increasing the code distance for SU/MU-MIMO. Since UL SU-MIMO is not supported for cat 0 UE with 1 Rx antenna, the useful scenario would be limited to MU-MIMO. However, even CS separation can be employed to support MU-MIMO since Rel-8, and thus it is not deemed necessary to support the feature group [1-1].
· The feature group [1-2] (2-layer UL MIMO), [1-3] (4-layer UL MIMO), and [1-5] (Tx diversity for PUCCH) can be optional for cat 0 UE with 1 Rx antenna which is same as cat 1 UE since RAN1 has not discussed the features.
· The feature group [1-4] (Aperiodic SRS) is mandatory with FGI. However, as it has not been discussed on the benefit of aperiodic SRS for cat 0 UE, our view is that it would be desirable to make it optional.
· For DL MIMO:

· The feature group [2-1] (Rate matching for CSI RS (up to 8 CSI RS ports) and PDSCH muting) would need to be supported as mandatory for cat 0 UE when considering CSI-RS is likely to be cell-specific. The rate-matching feature could ensure the REs not to be mapped to the CSI-RS.REs.

· The feature groups [2-2] (TM9 with up to 4Tx) and [2-3] (TM9 with 8Tx) are related to TM. According to the agreements in Rel-12 for LC MTC, it should be the same as cat 1 UE. 

· For CA:

· The feature groups [3-1] (Basic DL CA operation), [3-2] (Basic UL CA operation), and [3-3] (Cross-carrier scheduling) are already conditionally mandatory for a UE supporting CA which is defined as different capability signaling. Thus, it is our view that the same can be followed for cat 0 UE as cat 1 UE.

· For eICIC:

· The feature group [4-1] (eICIC measurement restriction) is currently mandatory. However, it has not been discussed on the cost/complexity for supporting two CSI measurement sets and the different RSSI definition for eICIC. Thus, our view is that the feature [4-1] can be optional for cat 0 UE.
· Other:

· The feature group [6-8] (Extended PH MAC CE (for UEs supporting neither UL CA nor simultaneous PUCCH+PUSCH nor multi-cluster PUSCH)) is preferred to keep mandatory for cat 0 UE from our point of view as it is anticipated that it may not much be related to the complexity.

· The feature group [6-9] (PHR trigger: change in additional power backoff) is already conditionally mandatory for UE making use of additional power back off as allowed by P-MPR. Thus, it is our view that the same can be followed for cat 0 UE as cat 1 UE.
Table 3 Rel-10 features [4]
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	Feature group
	TSG-RAN decision
	Intel’s view for cat 0 UE

	
	
	Mandatory/ Optional
	FGI
	

	UL MIMO
	[1-1] DMRS with OCC and SGH disabling
	Mandatory
	FGI is required (applicable only to UEs supporting neither [1-2] nor [1-3]).
	Optional

	
	[1-2] 2-layer UL MIMO
	Optional for Cat.1-7

Mandatory for Cat.8

(Capability signalling has already been defined.)
	
	Optional

	
	[1-3] 4-layer UL MIMO
	Optional for Cat.1-7

Mandatory for Cat.8

(Capability signalling has already been defined.)
	
	Optional

	
	[1-4] Aperiodic SRS (Up to X ports) (X = number of supported layers on given band)
	Mandatory
	FGI is required.
	Optional

	
	[1-5] Tx diversity for PUCCH
	Optional
	
	Optional

	DL MIMO
	[2-1] Rate matching for CSI RS (up to 8 CSI RS ports) and PDSCH muting
	Mandatory
	
	Mandatory

	
	[2-2] TM9 with up to 4Tx
	Mandatory
	FGI is required for the feature itself (applicable only to Cat.1-7).

FGI is additionally required for:

· Bit 1) PUCCH mode 2-0, 2-1

· Bit 2) PUSCH mode 2-0, 2-2
	Mandatory.

FGI is required for the feature itself (applicable only to Cat.1-7).

FGI is additionally required for:

· Bit 1) PUCCH mode 2-0, 2-1
· Bit 2) PUSCH mode 2-0, 2-2

	
	[2-3] TM9 with 8Tx
	Optional for Cat.1-7 FDD

Mandatory for Cat.8 FDD

Mandatory for TDD
	FGI is required for the feature itself (applicable only to Cat.1-7 TDD).

FGI is additionally required for:

· Bit 1) PUCCH mode 1-1-1

· Bit 2) PUCCH mode 1-1-2

· Bit 3) PUCCH mode 2-0, 2-1

· Bit 4) PUSCH mode 2-0, 2-2
	Optional for FDD.

Mandatory for TDD.

	
	[2-4] PMI disabling
	Optional
	
	Optional

	
	[2-5] 2-layer DL MIMO
	Optional for Cat.1

Mandatory for Cat.2-8

(Capability signalling has already been defined.)
	
	Optional

	
	[2-6] 4-layer DL MIMO
	Optional for Cat.1-4, 6, 7

Mandatory for Cat.5, 8

(Capability signalling has already been defined.)
	
	Optional

	
	[2-7] 8-layer DL MIMO
	Optional for Cat.1-7

Mandatory for Cat.8

(Capability signalling has already been defined.)
	
	Optional

	CA
	[3-1] Basic DL CA operation
	Mandatory for UEs supporting DL CA

(Capability signalling has already been defined.)
	FGI is required for:

· Bit 1) Event A6

· Bit 2) SCell addition upon HO to EUTRA
	Mandatory for UEs supporting DL CA

(Capability signalling has already been defined.)
FGI is required for:

· Bit 1) Event A6

Bit 2) SCell addition upon HO to EUTRA

	
	[3-2] Basic UL CA operation
	Mandatory for UEs supporting UL CA

(Capability signalling has already been defined.)
	FGI is required for:

· Bit 1) Periodic SRS
	Mandatory for UEs supporting UL CA

(Capability signalling has already been defined.)
FGI is required for:

Bit 1) Periodic SRS

	
	[3-3] Cross carrier scheduling
	Optional
	
	Optional

	eICIC
	[4-1] eICIC measurement restriction
	Mandatory [5]
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	FGI is required [5]
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	Optional

	Other
	[6-8] Extended PH MAC CE (for UEs supporting neither UL CA nor simultaneous PUCCH+PUSCH nor multi-cluster PUSCH)
	Mandatory
	
	Mandatory

	
	[6-9] PHR trigger: change in additional power backoff
	Mandatory for UEs making use of additional power back off as allowed by P-MPR
	
	Mandatory for UEs making use of additional power back off as allowed by P-MPR

	
	[6-11] Multi-cluster PUSCH
	Optional

(Separate capability bit from [6-12])
	
	Optional

(Separate capability bit from [6-12])

	
	[6-12] Simultaneous PUCCH and PUSCH
	Optional

(Separate capability bit from [6-11])
	
	Optional

(Separate capability bit from [6-11])

	
	[6-13] OTDOA inter-freq RSTD measurement indication procedure
	Optional

(No capability signalling is required.)
	
	Optional

(No capability signalling is required.)


Proposal 4: The following Rel-10 feature groups are to be optional for cat 0 UE:
· 1-1 (DMRS with OCC and SGH disabling) for UL MIMO

· 1-4 (Aperiodic SRS) for UL MIMO

· 4-1 (eICIC measurement restriction) for eICIC

3.5 Rel-9 Mandatory Features
It is observed in [7]

 REF _Ref403735844 \r \h 
[8] that the features of MBMS and OTDOA are optional. In RAN1, no mandatory feature for Rel-9 is found.

3.6 Rel-8 Mandatory Features
 Our view is that there is no Rel-8 mandatory feature to become optional for cat 0 UE.
Proposal 5: All other features than above remain the same.
3.7 Clarification for HD-FDD

 In our understanding, it has not been clear how the features for HD-FDD are defined as mandatory or optional. HD-FDD operation is considered a beneficial technique for cat 0 UE as it reduces UE cost by simplifying the RF implementation. On this regard, we believe that it is important to clarify whether mandatory/optional feature support also applies to HD-FDD. It is proposed that the same mandatory/optional features for cat 0 FDD UE apply for cat 0 HD-FDD.
Proposal 6: The same mandatory/optional features for cat 0 FDD UE apply for cat 0 HD-FDD.

4. Conclusions

 In this contribution, we discussed the RAN1 related UE features for cat 0 UE. Based on the discussions so far, our proposals are summarized as follows:

Proposal 1: All the existing optional features for Rel-8/9/10/11 are also optional for cat 0 UE.

Proposal 2: All Rel-12 features are optional for cat 0 UE.

Proposal 3: The following Rel-11 feature groups are to be optional for cat 0 UE:

· 5-1 (CRS interference handling) for FeICIC WI

· 7-2 (UL CoMP operation) for CoMP WI
Proposal 4: The following Rel-10 feature groups are to be optional for cat 0 UE:

· 1-1 (DMRS with OCC and SGH disabling) for UL MIMO

· 1-4 (Aperiodic SRS) for UL MIMO

· 4-1 (eICIC measurement restriction) for eICIC

Proposal 5: All other features than above remain the same.

Proposal 6: The same mandatory/optional features for cat 0 FDD UE apply for cat 0 HD-FDD.

 We also understand this RAN1 #79 is the last meeting to complete the LC MTC WI. Thus, the related works, if the proposals are agreed, need to be completed by RAN2 during the meeting week. Given that, the draft LS [8] is prepared and RAN1 is kindly asked to send an LS with the RAN1 agreements for their work in earlier meeting week.

References
[1] R1-142760, Summary of LC_MTC_LTE agreements after RAN1#77, Vodafone
[2] RP-140522, Revised Work Item on Low cost & enhanced coverage MTC UE for LTE, Vodafone

[3] R1-144535, LS on updated LTE Rel-12 UE feature list, RAN1
[4] RP-110459, LS on Rel-10 UE capabilities, RAN
[5] R2-113565, CR to 36.306 on UE capabilities for Rel-10 LTE features, NTT DOCOMO
[6] RP-110715, UE capabilities for Rel-10 LTE features with eICIC measurement restrictions as FGI (Alt.1), NTT DOCOMO, Nokia Siemens Networks, Nokia Corporation
[7] TS36.306, User Equipment (UE) radio access capabilities
[8] TS36.355, LTE Positioning Protocol (LPP)
[9] R1-144673, [DRAFT] LS on cat0 UE features in Rel-12, Intel Corporation

PAGE  
1/9

