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[bookmark: _GoBack]This contribution discusses the remaining issues on UE capabilities. The contribution mainly discusses the NAICS, small cell discovery and ProSe features. In addition, the contribution discusses whether each of the RAN1-led features should be optional or mandatory. The contribution uses as a starting point the xls file agreed at RAN1 #78 [1]. 
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Small cell on/off and discovery signal/procedure
In the RAN1#78 meeting, UE capabilities for small cell discovery and small cell on/off was discussed. Since there were no conclusions, in the end only the header for the discussion is captured in the final xls file [1]:
	WI
	#
	Feature group
	Components
	Prerequisite feature groups 
(listed in this sheet or Rel-8/9/10/11 features)

	3. SCE Physical Layer
	3-1
	256QAM
	1) 256QAM demodulation
2) 256QAM CQI feedback
	None

	
	3-2
	Small cell on/off and discovery signal/procedure
	[FFS]Small cell on/off based on discovery signal-based measurement and report
	None

	
	3-3
	 
	 
	 



We observe that small cell on/off based on CA activation/deactivation and small cell discovery are two different features, since small cell discovery can be operated without small cell on/off based on CA activation/deactivation.
We further observe that small cell discovery can be operated in the following operational modes.
· Single cell operation in a shared cell to identify applicable TPs
· To support the above operation, the UE needs to be able measure RSRP based on both the CRS and CSI-RS. The CRS is needed to select the correct shared cell and the CSI-RS to select the TP within the shared cell
· CA operation of shared cell
· Shared cells can in the future be extended with CA so that an SCell can be operated as a shared cell. In such a case, only the discovery signal may be needed to be transmitted on the SCell when the SCell is deactivated. 
· Small cell on/off based on CA activation/deactivation
· Small cell on/off based on CA activation/deactivation is operated purely on an SCell, hence the support of small cell on/off based on CA activation/deactivation assumes that the UE supports CA.
· Further it is required that the UE supports the discovery signal if cell selection and RRM measurements are to be performed for the SCell. The reason is that the UE must assume that only the discovery signal is transmitted on the SCell when it is deactivated. 
Based on the above discussion, we propose to capture small cell on/off and discovery signal/procedure capabilities in the following manner:
	WI
	#
	Feature group
	Components
	Prerequisite feature groups 
(listed in this sheet or Rel-8/9/10/11 features)

	3. SCE Physical Layer
	3-1
	256QAM
	1) 256QAM demodulation
2) 256QAM CQI feedback
	None

	
	3-2
	Small cell on/off
	Small cell on/off based on CA activation/deactivation
	CA, [3-3]

	
	3-3
	Discovery signal/procedure
	Discovery signal/procedure, including both CRS and CSI-RS RRM measurements support
	TM10


ProSe
The ProSe capabilities have not yet been discusses as the feature is currently being designed. A general framework has been captured in [1]  for the UE capabilities. In this section we discuss the capabilities based on this framework.
	WI
	#
	Feature group
	Components
	Prerequisite feature groups 
(listed in this sheet or Rel-8/9/10/11 features)

	4. D2D
	4-1
	[FFS] D2D Broadcast communication
	[FFS] 1) Mode 1 resource allocation
[FFS] 2) Mode 2 resource allocation
[FFS] 3) D2D synchronization procedure
[FFS] 4) D2D communication signal transmission and reception
	None

	
	4-2
	[FFS] D2D discovery
	[FFS] 1) Type 1 resource allocation
[FFS] 2) Type 2 resource allocation
[FFS] 3) D2D synchronization procedure
[FFS] 4) D2D discovery signal transmission and reception
	None

	
	4-3
	 
	 
	 



The ProSe feature is based on the basic features broadcast communication and discovery. When the UE is operating either of the two features there is a need for the UE to support multiple different operational scenarios at once as the UE can either be in-, partial- or out.coverage. For broadcast communication there is need for the UE to supported resource allocation mode 1 and 2 to be able to operate in both, in, partial and out of coverage scenario. Further it follows naturally that for broadcast communication and the UE needs to support the associated synchronization procedure together with the actual communication and reception of signals.
For the discovery design, we see that the UE needs to support both the eNB controlled or/and the none eNB controlled resource allocation following same reasoning as for broadcast communication. 
Based on the above discussion we propose the following capability design for ProSe:
	WI
	#
	Feature group
	Components
	Prerequisite feature groups 
(listed in this sheet or Rel-8/9/10/11 features)

	4. ProSe
	4-1
	ProSe Broadcast communication
	1) Mode 1 resource allocation
2) Mode 2 resource allocation
3) ProSe synchronization procedure
4) ProSe communication signal transmission and reception
	None

	
	4-2
	ProSe discovery
	1) ProSe discovey type 2 resource allocation
2) ProSe discovey type 1 resource allocation
3) D2D synchronization procedure
4) D2D discovery signal transmission and reception
	None



NAICS
Core specification portion of the NAICS work item will be essentially complete as of RAN1#78bis, and so features to be included in NAICS UE capability are relatively clear. The agreement after RAN1#78 on NAICS capability is captured below [1]:
	WI
	#
	Feature group
	Components
	Prerequisite feature groups 
(listed in this sheet or Rel-8/9/10/11 features)

	5. NW assisted IC for LTE
5. NW assisted IC for LTE
	5-1
	[FFS] PDSCH interference handling
	1) PDSCH interference cancellation/suppression ([FFS: 4 CRS APs for CRS-based TMs])
2) CRS-IC
	None



Whether NAICS capable UEs that also support carrier aggregation simultaneously support NAICS on all carriers or on a subset of carriers that the UE supports was discussed in RAN1#78.  Given the relatively high complexity of the NAICS feature, it seems reasonable to define a capability supporting NAICS on a subset of the UE’s configured carriers.  A simple capability indicating the number of carriers supported by NAICS should allow the network to flexibly configure the UE as well as allow UE implementations to have a reasonable progression of complexity.  Therefore, we propose that NAICS UE capability indicate the number of carriers on which the UE can operate NAICS simultaneously.
Regarding the FFS in the table:
· According to RAN4’s LS to RAN1 from RAN1#78, RAN4 may continue the study of 4 CRS APs for CRS-based TMs during its work on NAICS performance specifications.  Since UE capability is to be concluded in RAN1#78bis, and noting that all signaling necessary for 4 CRS port NAICS functionality is already specified, a UE capability for 4 CRS ports is the safest approach to avoid pre-empting RAN4’s decisions on the feasibility of NAICS for 4 CRS ports in Rel-12.  In this way, if RAN4 concludes that 4 CRS are feasible in Rel-12 UEs and develops the performance requirements, any UE will be able to indicate the capability, whereas if 4 CRS are found infeasible, no Rel-12 UE will required to indicate 4 CRS port NAICS capability.  Since some companies identified complexity as a concern for Rel-12 UEs (but not necessarily later release UEs) to implement 4 CRS port NAICS, a second benefit of the capability would be to implement 4 CRS ports according to when the UE’s processing evolves to permit 4 CRS operation. With the above understanding it would then be feasible also to remove the FFS point.
Regarding the prerequisite feature groups, NAICS has been designed as a stand-alone feature.  While it is similar to features such as Rel-11 PBCH/SSS/PSS cancellation and Rel-11 CRS-IC, NAICS was designed without making assumptions specific to these features.  No assumptions were made that downlink control channels were cancelled, and the NAICS core specifications discussions did not address operation with multiple CSI subframe sets configured (in contrast to Rel-11 CRS-IC).  Therefore, while UEs could be likely to support Rel-11 PBCH/SSS/PSS interference cancellation and Rel-11 CRS-IC, NAICS functionality does not automatically imply this.
While NAICS did not address operation with multiple CSI subframe sets, it does assume that CRS-IC is used in every scheduled subframe (as indicated by RAN4 in its LS to RAN1 [2] and captured in the components part of the current agreement above).  Consequently, this use of the term ‘CRS-IC’ may be somewhat ambiguous with respect to Rel-11 CRS-IC capability.  Therefore, we propose that component 2 of NAICS UE capability be “CRS-IC in every scheduled subframe”.
To summarize, our proposals for NAICS are as follows and captured in the table below:
· UE capability indicates the number of carriers on which the UE can operate NAICS simultaneously.
· The feature group label for NAICS is “PDSCH interference handling”
· A UE capability is defined within NAICS for 4 CRS antenna ports for CRS based TMs
· This avoids pre-empting RAN4’s decisions on the feasibility of 4 CRS ports, as well as allows UEs to support NAICS as their processing capability evolves. 
· Basic NAICS capability is defined without prerequisite feature groups.
· Component 2) of NAICS capability is clarified as “CRS-IC in every scheduled subframe”.

	WI
	#
	Feature group
	Components
	Prerequisite feature groups 
(listed in this sheet or Rel-8/9/10/11 features)

	5. NW assisted IC for LTE

	5-1
	PDSCH interference handling
	1) PDSCH interference cancellation/suppression
2) CRS-IC in every scheduled subframe
	None

	
	5-2
	4 CRS antenna ports for CRS-based TMs
	4 CRS antenna ports for CRS-based TMs
	5-1

	
	5-3
	Number of carriers simultaneously supported by NAICS
	Number of carriers simultaneously supported by NAICS
	5-1, CA (if indication is > 1)



Support of features in Rel-12
Ultimately, the best determining factor in deciding if a feature is beneficial is the market. If the feature is beneficial it will be deployed independent of being a mandatory or an optional feature. If the feature is not largely beneficial it will not be utilized in reality independent of the feature being optional or mandatory. Furthermore, if the numbers of mandatory features are kept to a minimum or zero it will speed up the time to market which is beneficial overall for Rel-12. 
Proposal
· RAN1 recommends that all features for which RAN1 has not yet made a for recommendation is recommended to be optionally supported in Rel-12 
Conclusions
In this contribution we discussed the remaining UE capabilities issues and based on the discussion in the contribution, we propose the following: 
· RAN1 recommends that all features for which RAN1 has not yet made a recommendation should be optionally supported in Rel-12 
· The remaining UE capabilities are captured as following:

	WI
	#
	Feature group
	Components
	Prerequisite feature groups 
(listed in this sheet or Rel-8/9/10/11 features)

	3. SCE Physical Layer
	3-1
	256QAM
	1) 256QAM demodulation
2) 256QAM CQI feedback
	None

	
	3-2
	Small cell on/off
	Small cell on/off based on CA activation/deactivation
	CA, [3-3]

	
	3-3
	Discovery signal/procedure
	Discovery signal/procedure, including both CRS and CSI-RS RRM measurements support
	TM10

	4. ProSe
	4-1
	ProSe Broadcast communication
	1) Mode 1 resource allocation
2) Mode 2 resource allocation
3) ProSe synchronization procedure
4) ProSe communication signal transmission and reception
	None

	
	4-2
	ProSe discovery
	1) ProSe discovey type 2 resource allocation
2) ProSe discovey type 1 resource allocation
3) D2D synchronization procedure
4) D2D discovery signal transmission and reception
	None

	5. NW assisted IC for LTE
	5-1
	PDSCH interference handling
	1) PDSCH interference cancellation/suppression
2) CRS-IC in every scheduled subframe
	None

	
	5-2
	4 CRS antenna ports for CRS-based TMs
	4 CRS antenna ports for CRS-based TMs
	5-1

	
	5-3
	Number of carriers simultaneously supported by NAICS
	Number of carriers simultaneously supported by NAICS
	5-1, CA (if indication is > 1)
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