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1. Introduction
In the previous meetings, each WG has discussed to introduce Dual connectivity into Rel-12 time-frame. Based on the status report for the WI for Dual connectivity, the remaining issues for the WI completion are Configured transmitted power, Operation scenario, and DC capability structure. In this contribution, we discuss the capability structure for Dual connectivity for the signalling design in RAN2.
2. Discussion
In the RAN4 RRM Adhoc in June 2014, the following way forward was agreed [1].
· Companies are encouraged to investigate the followings until RAN4 #72
· Requirements for both synchronised scenario and unsynchronised scenario
· What is difference between synchronised scenario and unsynchronised scenario
· RF, RRM core requirement, and implementation aspects should be taken into account
· How much impact on core requirements and implementation is expected due to such the difference
· Based on above investigation, RAN4 will decide how to define the DC capability in RAN4 #72 and send LS to RAN2 to inform RAN4 agreement on the DC capability in RAN4 #72 as well.
In order to send LS to RAN2, we discuss several aspects in this chapter. Note that since demodulation part mainly depends on the implementation issue, contributions from vendors would be required. Therefore, only RF and RRM aspects are discussed in this contribution.
2.1 Synchronized and Unsynchronized capability
2.1.1 RF requirement perspective
First of all, we discuss the need for the separate capability for synchronized and unsynchronized cases from RF requirement perspective. Based on the previous RAN4 discussions and our analysis, we listed the RF spec impact in Table 1.

Table 1: DOCOMO’s view on RF impact

	Requirement
	Sub-clause
	Section
	Spec difference b/w synchronized and unsynchronized

	Operating bands
	5.5
	None

	Channel bandwidths
	5.6
	None

	Channel arrangement
	5.7
	None

	Transmit power
	Maximum output power
	6.2.2
	None

	
	Maximum output power for modulation/channel bandwidth
	6.2.3
	None

	
	Maximum output power with additional requirements
	6.2.4
	None

	
	Configured transmit power
	6.2.5
	PCMAX for DC is required but there would be no difference b/w synchronized and unsynchronized.

	Output power dynamics
	Minimum output power
	6.3.2
	None

	
	Transmit OFF power
	6.3.3
	None

	
	ON/OFF mask
	6.3.4
	None

	
	Absolute power tolerance
	6.3.5.1
	None

	
	Relative power tolerance
	6.3.5.2
	None

	
	Aggregate power control tolerance
	6.3.5.2
	None

	Transmit signal quality
	Frequency Error
	6.5.1
	None

	
	Error Vector Magnitude
	6.5.2.1
	None

	
	Carrier Leakage
	6.5.2.2
	None

	
	In-band Emissions
	6.5.2.3
	None

	
	EVM equalizer spectrum flatness
	6.5.2.4
	None

	Output RF spectrum emissions
	Occupied bandwidth
	6.6.1
	None

	
	Spectrum emission mask
	6.6.2.1
	None

	
	Additional spectrum emission mask
	6.6.2.2
	None

	
	Adjacent channel leakage ratio
	6.6.2.3
	None

	
	Spurious emissions
	6.6.3
	None

	Transmit Intermodulation
	6.7
	None

	Reference sensitivity power level
	7.3
	None

	Maximum input level
	7.4
	None

	Adjacent channel selectivity
	7.5
	None

	Blocking characteristics
	In-band blocking
	7.6.1
	None

	
	Out-of-band blocking
	7.6.2
	None

	
	Narrow band blocking
	7.6.3
	None

	Spurious Response
	7.7
	None

	Intermodulation characteristics
	Wide band intermodulation
	7.8.1
	None

	Spurious emissions
	7.9
	None

	Receiver image
	7.1
	None


With respect to PCMAX, our understanding is that since the synchronized case has smaller timing difference than unsynchronized case, the PCMAX for unsynchronized Dual connectivity can be also applied to synchronized case [2]. As a result, both requirements will be identical. Therefore, we don’t have to define separate capability for each scenario from RF requirement perspective.
Observation 1: The separate capability for synchronized and unsynchronized cases is not needed from RF requirement perspective.
2.1.2 RRM requirement perspective
Next we discuss the need for the separate capability for synchronized and unsynchronized cases from RRM requirement perspective. Based on the previous RAN4 discussions and our analysis, we listed the spec impact in Table 2.
Table 2: DOCOMO’s view on RRM impact

	Requirement
	Sub-clause
	Section
	Spec difference b/w synchronized and unsynchronized

	E-UTRAN RRC_IDLE state mobility
	4
	None

	E-UTRAN RRC_CONNECTED state mobility
	5
	None

	RRC Connection Mobility Control
	6
	None

	Timing and signalling characteristics
	UE transmit timing
	7.1
	None

	
	UE timer accuracy
	7.2
	None

	
	Timing Advance
	7.3
	None

	
	Cell phase synchronization accuracy (TDD)
	7.4
	None

	
	Synchronization Requirements for E-UTRAN to 1xRTT and HRPD Handovers
	7.5
	None

	
	Radio Link Monitoring
	7.6
	None

	
	SCell Activation and Deactivation Delay for E-UTRA Carrier Aggregation
	7.7
	None

	
	Interruptions with Carrier Aggregation
	7.8
	Impact of interruption in unsynchronized case would be needed to discuss

	UE Measurements Procedures in RRC_CONNECTED State
	General Measurement Requirements
	8.1
	New gap configuration in unsynchronized case would be needed to discuss

	
	Capabilities for Support of Event Triggering and Reporting Criteria
	8.2
	None

	
	Measurements for E-UTRA carrier aggregation
	8.3
	None

	
	OTDOA RSTD Measurements for E-UTRAN carrier aggregation
	8.4
	None

	Measurements performance requirements for UE
	9
	None

	Measurements Performance Requirements for E-UTRAN
	10
	None


Regarding Interruptions with Carrier Aggregation, it can be expected that the requirement for synchronized scenario will be the same as that of CA. On the other hand, for unsynchronized scenario, the interruption may be relaxed due to the timing difference of the neighbouring subframes. We think, however, since this requirement does not require any new implementation, the separate capability is not needed.
With respect to General Measurement Requirements, the gap configuration of CA may also be applied to synchronized DC. On the other hand, a new measurement gap pattern is likely to be defined for unsynchronized case, which means that the spec for synchronized DC may be different from unsynchronized case. If the spec difference impacts RRC signalling or scheduling and so on, the separate capability would be needed. Therefore, we can make an observation below.
Observation 2: Unless spec difference for “General Measurement Requirements” between synchronized and unsynchronized cases is identified, the separate capability is not needed from RRM requirement perspective.
Based on the observations 1 and 2, we propose as the following.

Proposal 1: Unless spec difference for “General Measurement Requirements” between synchronized and unsynchronized cases is identified, the separate capability is not needed.
2.2 Per UE capability or per band combination specific capability
In the last meeting, the draft WF of DC capability was proposed in the email discussion but no consensus was reached.

· From Ericsson

· 1: Define a new capability namely “per UE DC capability” covering either only synchronized or both synchronized and unsynchronized mode (0 for sync and 1 for sync+async)

· Network decides by reusing UL CA capability by combining with per UE DC capability : 
DC_xA-yA, UL/DL = CA_xA-yA,UL + DC(sync, async+sync)
· 2a: Define a new per band DC capability and combine that with per UE DC capability indicating whether to support synchronized or unsynchronized 

· DC_xA-yA , UL/DL = DC_xA-yA + DC(sync, async+sync) 
· 2b: Define a new per band DC capability which also includes support for sync/async capability

· Ex: DC_xA-yA , UL/DL = DC_xA-yA_DC(sync, async+sync)

· Ex: DC_xP-yQ , UL/DL = DC_xP-yQ_DC(sync, async+sync) 
· From Nokia

· 3: UE can indicate DuCo support per CA configuration, and this capability includes support for both synchronized and asynchronous operation.
Based on this WF, we list Pros and Cons with respect to each option in Table 3.
Table 3: DOCOMO’s view on each option
	Company
	Possible option
	Pros
	Cons

	Ericsson
	DC_xA-yA, UL/DL = CA_xA-yA,UL + DC(sync, async+sync))
	For operator, since all UL CA configurations can also support DC, the flexibility for network operation will be increased. In addition, the size of capability signalling can be restrained.
	For vendor, based on the offline discussion in RAN4#71, the UE design and test burden may be a concern since DC needs to be tested for all configurations.

	
	DC_xA-yA, UL/DL = DC_xA-yA + 
DC(sync, async+sync)
	For vendor, DC does not need to be designed and tested for all UL CA configurations.
	For operator, there is no guarantee that the all configurations supporting UL CA can also support DC. Then,  a market fragmentation for some configurations may be occurred.

	
	DC_xA-yA, UL/DL = DC_xA-yA_DC(sync, async+sync)
	No benefit compared to other options.
	The size of capability signalling will increase.

	Nokia
	DC_xA-yA, UL/DL = DC_xA-yA + DC(async+sync)
	Same as (2-1)
	Same as (2-1)


From operator’s point of view, we prefer “DC_xA-yA, UL/DL = CA_xA-yA,UL + DC” in order to increase the operating flexibility. As mentioned above, some vendors may have a concern on the UE design and test burden. We think, however, the concern would not be critical issue based on the following reasons.

· The requirement that shall be tested for DC is PCMAX only.

· Most of designs for UL CA (e.g. MOP, SEM and so on) can be reused for DC.

Thus, our preference is still “DC_xA-yA, UL/DL = CA_xA-yA,UL + DC)” even considering the Cons. Therefore, we propose as the following.

Proposal 2: The capability for Dual connectivity should be defined as the following.

· Option 1: DC_xA-yA, UL/DL = CA_xA-yA,UL + DC(sync, async+sync)
· Option 2: DC_xA-yA, UL/DL = CA_xA-yA,UL + DC(async+sync) (depends on Proposal 1)
3. Conclusions 

In this contribution, we discuss how to define the capability for DC and made two observations.
Observation 1: The separate capability for synchronized and unsynchronized cases is not needed from RF requirement perspective.
Observation 2: Unless spec difference for “General Measurement Requirements” between synchronized and unsynchronized cases is identified, the separate capability is not needed from RRM requirement perspective.

Based on the two observations above, we propose as the following.

Proposal 1: Unless spec difference for “General Measurement Requirements” between synchronized and unsynchronized cases is identified, the separate capability is not needed.
Proposal 2: The capability for Dual connectivity should be defined as the following.

· Option 1: DC_xA-yA, UL/DL = CA_xA-yA,UL + DC(sync, async+sync)
· Option 2: DC_xA-yA, UL/DL = CA_xA-yA,UL + DC(async+sync) (depends on Proposal 1)
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