3GPP TSG RAN WG4 Meeting #72
R4-145009
Dresden, Germany, 18-22 August, 2014
Agenda Item:
7.14
Source: 
Ericsson
Title:
UE capability issues for Dual Connectivity
Document for:
Approval
1 Introduction
Dual connectivity was approved in [1], and discussions have been going on in RAN1, RAN2 and RAN4 for the last few meetings. A RAN1 LS is received by RAN4 in [2], which discusses the synchronization levels between MeNB and SeNB. A reply LS has been agreed in RAN4#71 [3], where maximum receive timing window for synchronized dual connectivity is agreed on. In the RAN4 adhoc on RRM issues in June 2014, a way forward was agreed, where maximum receive timing difference for unsynchronized dual connectivity is also agreed [4].
In this contribution, we discuss the need for defining separate capabilities for synchronized and unsynchronized dual connectivity UE capability and then we propose a preferred definition for UE capability. 
2 Synchronized and unsynchronized dual connectivity
In [4], it was proposed that companies are encouraged to investigate the potential differences between synchronized and unsynchronized mode of dual connectivity in terms of requirements and implementations. In our understanding, there are several differences between synchronized and unsynchronized dual connectivity operations, which are listed below.
2.1 Difference from RF point of view

One of the prime differences between synchronized and unsynchronized operation is handling power control in dual connectivity.

In case of unsynchronized case, there are potential overlaps between neighbouring subframes, thus different PCMAX need to be defined for different parts of subframes for unsynchronized case. This means that, different definitions of PCMAX are required compared to synchronized operation. 
2.2 Difference from RRM point of view

There are a few issues where changes are required for unsynchronized case compared to synchronized case.
1. The activation/deactivation time for unsynchronized operation will be much higher compared to synchronized operation. We need to investigate this further. Some indications are provided in previous contributions (e.g. [5] and [6])

2. Similar to legacy CA, there will be an interruption of all active carriers in MCG and SCG when a SCC/SCell is configured, activated, deactivated or released. For synchronous operation of MeNB and SeNB the interruption shall be the same as in legacy CA, with the difference that both MeNB and SeNB will see interruptions they are not aware of, since SCells are handled autonomously in MCG and SCG, respectively. In case of unsynchronized operation, the interruption has to be increased by 1ms, i.e. 6 and 2ms, respectively. The rationale is that if the frame timing is shifted by one slot, it effectively reduces the usable interruption time for the SeNB to 4ms if not extended.
3. Since the maximum receive timing difference case be anything up to 500 µs, thus the measurement gaps need to be extended by 1ms in unsynchronized case.  
2.3 Difference from implementation point of view

From the implementation point of view, UE design for unsynchronized dual connectivity capability will require a complete new design compared to synchronized dual connectivity case.

Based on these above discussions, we propose the following: 
Proposal-1: Separate UE capabilities for synchronized and unsynchronized dual connectivity operation are required.
3 Dependency between synchronized and unsynchronized case

The following are agreed in the way forward in [4], 

1. Synchronized scenario means the case where the maximum received subframe boundary timing difference at the UE is up to 33µs.
2. Unsynchronised scenario means the case where the maximum received subframe boundary timing difference at the UE is up to 500µs.
As seen in the above agreements, a UE capable of supporting unsynchronized dual connectivity will also be able to support synchronized dual connectivity. Thus we propose the following:

Proposal-2: A UE is either capable of supporting synchronized operation only or both synchronized and unsynchronized operations simultaneously.  
4 UE capability definitions for dual connectivity
As explained above, dual connectivity operation is defined as UE capability where either synchronized operation only or both synchronized and unsynchronized operation can be supported by the UE. In general, a UE supporting unsynchronized dual connectivity will also support synchronized dual connectivity case.
We propose the following for defining UE capability:

	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)
	Benefit: We do not have to define anything additional in Rel-12 supported band combinations. This will in turn ensure that the timely conclusion of the DC work in RAN4 is possible.

Drawback: DuCo band combinations cannot be decoupled from UL CA band combinations


	2
	 (a)  Define a new “per band DC capability” and combine that with “per UE DC capability” covering either only synchronized or both synchronized and unsynchronized mode (o for sync and 1 for sync+async) 

· DC_xA-yA , UL/DL = DC_xA-yA + DC(sync, async+sync)
	Benefit: Detach DuCo capability from UL CA capability to allow flexibility in defining DuCo band. Useful for future releases
Drawback: need to define DC configurations in 36.101

	
	(b)  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)
	Does the same job as option 2a, however little higher signaling load at the benefit of complete information for per band combination.




Option 1 is the simplest option; however this also couples 2UL CA requirements completely with dual connectivity including UE capability signaling. Since the sync/unsync capability (either synchronized operation only or both synchronized and unsynchronized operation can be supported by the UE) can be a per-UE capability, as well as it can be per band combination capability, it is preferable to have UE capability options on per band combinations where whether a UE is capable to support sync/unsync dual connectivity per band combination is reported by the UE.  Moreover, a UE may be able to support dual connectivity on more than one band combinations, however not able to support unsynchronized dual connectivity in all of them, thus, having per band combination UE capability signaling is more reasonable. 
Proposal-3: In Rel-12 existing UE RF requirements for CA configuration with 2UL for a particular band combination shall apply to a UE which is dual connectivity capable for that CA configuration except for Pcmax definition for unsynchronized dual connectivity.
 Proposal-4: UE should indicate dual connectivity support on per band combination basis together with its capability to support either synchronized operation only or both synchronized and unsynchronized operation simultaneously in that band combination. 
5 Draft CR: TS 36.101
Based on the discussions above, we propose to include the operating bands for dual connectivity in 36.101 in following way. It is worth noting here that, defining the specific band combinations (i.e. DC_x_y) is another discussion. This could be solved by including all approved band combinations for Rel-12 CA configuration with 2UL for corresponding dual connectivity operations.
Corresponding changes in 36.104 and 36.141 is also needed, i.e. a new table (e.g. Table 5.5-4 in Section 5.5) with information regarding operating bands for dual connectivity need to be added in Section 5.5 in 36.104 and 36.141. 
--------------------<Start of the change>----------------------------

5.5B
Operating bands for UL-MIMO

E-UTRA UL-MIMO is designed to operate in the operating bands defined in Table 5.5-1.

Table 5.5B-1: Void
5.5C
Operating bands for Dual Connectivity
E-UTRA dual connectivity is designed to operate in the operating bands defined in Table 5.5C-1. As specified in Section 4.3A, requirements for dual connectivity in certain band combination will be compliant to requirements for EUTRA CA configurations with 2UL for that particular band combination.   
Table 5.5C-1: Inter-band dual connectivity operating bands

	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low  –  FUL_high
	FDL_low  –  FDL_high
	

	DC_x-y
	x
	x1 MHz
	–
	x2 MHz
	x3 MHz
	–
	x4 MHz
	FDD/TDD

	
	y
	y1 MHz
	–
	y2 MHz
	y3 MHz
	–
	y4 MHz
	

	Note: Requirements for the above band combinations are defined in the sections corresponding to the indicated EUTRA-CA configurations with 2 UL in the same band combination.


5.6
Channel bandwidth

Requirements in present document are specified for the channel bandwidths listed in Table 5.6-1.
---------------------<End of the change>-----------------------------
6 Conclusion 
The following is proposed regarding the accuracy of the SFN offset:
Proposal-1: Separate UE capabilities for synchronized and unsynchronized dual connectivity operation are required.
Proposal-2: A UE is either capable of supporting synchronized operation only or both synchronized and unsynchronized operations simultaneously.  
Proposal-3: In Rel-12 existing UE RF requirements for CA configuration with 2UL for a particular band combination shall apply to a UE which is dual connectivity capable for that CA configuration except for Pcmax definition for unsynchronized dual connectivity. 
Proposal-4: UE should indicate dual connectivity support on per band combination basis together with its capability to support either synchronized operation only or both synchronized and unsynchronized operation simultaneously in that band combination. 
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