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1 Introduction
Dual connectivity got a big progress in last RAN4#71AH meeting. It is agreed that the following RRM requirements in TS 36.133 are not impact by DC operation [1]

· Section 4 E-UTRAN RRC_IDLE state mobility
· Section 7.2 UE timer accuracy
· Section 7.4 Cell phase synchronization accuracy (TDD) 
· Section 7.5 Synchronization requirements for E-UTRAN to 1xRTT
In this contribution we provide our considerations on the left requirements impact by DC operation.
2 Discussion                 
Recalling CA requirements definition in TS 36.133, the CA requirements are relative with the carrier number. For example, CA requirements are defined for 2DL in Rel-10, defined for multiple TAGs in Rel-11 and defined for 3DL in Rel-12.  As we know Inter-band 3DL+1UL and inter-band 2DL+2UL CA are discussing in RAN4 RF in Rel-12. In order to simplify the effort on the RRM requirements definitions we suggest that the DC scenario only focuses on inter-band 2DL+2UL in Rel-12.
· Section 5 E-UTRAN RRC_CONNECTED state mobility 
It is agreed in RAN2 that handover is based on MeNB, and no SeNB standalone handover procedure. Thus the existing E-UTRAN RRC_CONNECTED state mobility requirements could be reused.
· Section 6: RRC Connection Mobility Control
· 6.1 RRC Re-establishment
RRC connection Re-establishment procedure is not triggered in SCG, so DC operation has no impact on RRC re-establishment requirements.

· 6.2 Random Access
It is agreed in RAN2 [2] that contention based random access procedures and non-contention based random access procedures can be carried out on PCell and pSCell and non-contention based random access procedure is supported on SCells. Whether contention random access procedure is supported on SCell is FFS. In RAN4 RRM, RA procedure and related requirements in DC need some clarification and the random access requirement for SCell is waiting for RAN2’s decision.
· Section 7: Timing and signalling characteristics
· 7.1 UE transmit timing
In RAN2 agreements, at least one cell in SCG has a configured UL and one of them is configured with PUCCH resources. For the pTAG the UE uses the PCell as timing reference. For the sTAG including the PSCell, UE uses the PSCell as timing reference. In a sTAG not including PSCell, the UE may use any of the activated SCells of this TAG as a timing reference cell, but should not change it unless necessary [2]. So the transmit timing requirements for the UE transmit timing in DC would to be considered in RRM part. We provide the possible updates as following.

	7.1
UE transmit timing

7.1.1
Introduction
The UE shall have capability to follow the frame timing change of the connected eNode B. The uplink frame transmission takes place 
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 before the reception of the first detected path (in time) of the corresponding downlink frame from the reference cell. The UE shall be configured with a pTAG containing the PCell. The pTAG may also contain one SCell, if configured. The UE capable of supporting multiple timing advance [2] may also be configured with one sTAG, in which case the pTAG shall contain one PCell and the sTAG shall contain one PSCell or SCell with configured uplink. In pTAG, UE shall use the PCell as the reference cell for deriving the UE transmit timing for cells in the pTAG. When the UE capable of supporting multiple timing advance [2] is configured with an sTAG, the UE shall use PSCell or the activated SCell from the sTAG for deriving the UE transmit timing for cell in the sTAG. UE initial transmit timing accuracy, maximum amount of timing change in one adjustment, minimum and maximum adjustment rate are defined in the following requirements. The requirements in clause 7 apply to both TAGs.
7.1.2
Requirements
The UE initial transmission timing error shall be less than or equal to (Te where the timing error limit value Te is specified in Table 7.1.2-1. This requirement applies when it is the first transmission in a DRX cycle for PUCCH, PUSCH and SRS or it is the PRACH transmission. The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the reference cell minus 
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. The downlink timing is defined as the time when the first detected path (in time) of the corresponding downlink frame is received from the reference cell. NTA_Ref for PRACH is defined as 0. 
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 (in Ts units) for other channels is the difference between UE transmission timing and the Downlink timing immediately after when the last timing advance in clause 7.3 was applied. NTA_Ref for other channels is not changed until next timing advance is received.




· 7.2
UE timer accuracy

The existing requirements could be reused.
· 7.3
Timing Advance

The existing requirements could be reused.
· 7.6 Radio Link Monitoring
RLM detection is carried out in PCell in MCG and pSCell in SCG, however RRC connection Re-establishment procedure is not triggered in pSCell and UE shall inform the RLF of PSCell to MeNB. In our understanding the RLM requirements for PCell in CA could be applied in the pSCell in DC scenario. It also needs some clarification to depict that RLM shall be performed in pSCell as well.
	7.6.1
Introduction
The UE shall monitor the downlink link quality based on the cell-specific reference signal in order to detect the downlink radio link quality of the PCell and PSCell as specified in [3].

The UE shall estimate the downlink radio link quality and compare it to the thresholds Qout and Qin for the purpose of monitoring downlink radio link quality of the PCell and PSCell.

The threshold Qout is defined as the level at which the downlink radio link cannot be reliably received and shall correspond to 10% block error rate of a hypothetical PDCCH transmission taking into account the PCFICH errors with transmission parameters specified in Table 7.6.1-1.

The threshold Qin is defined as the level at which the downlink radio link quality can be significantly more reliably received than at Qout and shall correspond to 2% block error rate of a hypothetical PDCCH transmission taking into account the PCFICH errors with transmission parameters specified in Table 7.6.1-2.

When higher-layer signalling indicates certain subframes for restricted radio link monitoring, the radio link quality shall be monitored as specified in [3].

The requirements in sections 7.6.2.1, 7.6.2.2 and 7.6.2.3 shall also apply when a time domain measurement resource restriction pattern for performing radio link monitoring measurements is configured by higher layers (TS 36.331 [2]), with or without CRS assistance information, provided that also the following additional condition is fulfilled:


The time domain measurement resource restriction pattern configured for the measured cell indicates at least one subframe per radio frame for performing the radio link monitoring measurements,

When the CRS assistance information is provided, the transmission bandwidth [30] in all intra-frequency cells in the CRS assistance information [2] is the same or larger than the transmission bandwidth of the PCell and PSCell for which radio link monitoring is performed.
When the CRS assistance information is provided, the requirements in Section 7.6 shall also be met when the number of transmit antenna ports [16] of one or more cells whose CRS assistance information is provided [2] is different from the number of transmit antenna ports of the cell for which radio link monitoring is performed.

NOTE:
If the UE is not provided with the CRS assistance information (TS 36.331 [2]) or the CRS assistance data is not valid throughout the entire evaluation period, then similar Release 8 and 9 requirements apply for time domain measurements restriction under colliding CRS with ABS configured in non-MBSFN subframes.

Table 7.6.1-1 PDCCH/PCFICH transmission parameters for out-of-sync

Attribute

Value

DCI format

1A

Number of control OFDM symbols

2; Bandwidth ( 10 MHz

3; 3 MHz ( Bandwidth ( 10 MHz

4; Bandwidth = 1.4 MHz

Aggregation level (CCE)

4; Bandwidth = 1.4 MHz

8; Bandwidth ( 3 MHz

Ratio of PDCCH RE energy to average RS RE energy

4 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell or PSCell.
1 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the PCell or PSCell.
Ratio of PCFICH RE energy to average RS RE energy

4 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell or PSCell.
1 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the PCell or PSCell.
Note 1:
DCI format 1A is defined in clause 5.3.3.1.3 in TS 36.212 [21].

Note 2:
A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed.

Table 7.6.1-2 PDCCH/PCFICH transmission parameters for in-sync
Attribute

Value

DCI format

1C

Number of control OFDM symbols

2; Bandwidth ( 10 MHz

3; 3 MHz ( Bandwidth ( 10 MHz

4; Bandwidth = 1.4 MHz

Aggregation level (CCE)

4

Ratio of PDCCH RE energy to average RS RE energy

0 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell or PSCell.

-3 dB; when two or four antenna ports are used for cell-specific reference signal transmission by the PCell or PSCell.
Ratio of PCFICH RE energy to average RS RE energy

4 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell or PSCell.
1 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the PCell or PSCell.
Note 1:
DCI format 1C is defined in clause 5.3.3.1.4 in TS 36.212 [21].

Note 2:
A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed.

7.6.2
Requirements

7.6.2.1
Minimum requirement when no DRX is used
When the downlink radio link quality of the PCell or PSCell estimated over the last 200 ms period becomes worse than the threshold Qout, Layer 1 of the UE shall send an out-of-sync indication for the PCell or PSCell to the higher layers within 200 ms Qout evaluation period. A Layer 3 filter shall be applied to the out-of-sync indications as specified in TS 36.331 [2].

When the downlink radio link quality of the PCell or PSCell estimated over the last 100 ms period becomes better than the threshold Qin, Layer 1 of the UE shall send an in-sync indication for the PCell or PSCell to the higher layers within 100 ms Qin evaluation period. A L3 filter shall be applied to the in-sync indications as specified in TS 36.331 [2].

When the UE creates autonomous gaps for identification the CGI of an E-UTRA intra-frequency cell or an E-UTRA inter-frequency cell and when higher-layer signalling indicates certain subframes for restricted radio link monitoring, the UE shall also perform radio link monitoring. In this case, the Qout evaluation period (TEvaluate_Qout) is 200 ms, and the Qin evaluation period (TEvaluate_Qin) is 100 ms Note 1.

Note 1:
This RLM requirement does not need to be tested.

The out-of-sync and in-sync evaluations of the PCell and PSCell shall be performed as specified in clause 4.2.1 in [3]. Two successive indications from Layer 1 shall be separated by at least 10 ms.

The transmitter power of the UE shall be turned off within 40 ms after expiry of  T310 timer as specified in clause 5.3.11 in TS 36.331 [2].
7.6.2.2
Minimum requirement when DRX is used
When DRX is used the Qout evaluation period (TEvaluate_Qout_DRX) and  the Qin evaluation period  (TEvaluate_Qin_DRX) is  specified in Table 7.6.2.2-1 will be used.
Note: MCG’s DRX configuration is applied for PCell and SCG’s DRX configuration is applied for PSCell
When higher-layer signalling indicates certain subframes for restricted radio link monitoring, the Qout evaluation period (TEvaluate_Qout_DRX) and the Qin evaluation period  (TEvaluate_Qin_DRX)  specified in Table 7.6.2.2-2 will be used.

When the UE creates autonomous gaps for identification the CGI of an E-UTRA intra-frequency cell or an E-UTRA inter-frequency cell and when higher-layer signalling indicates certain subframes for restricted radio link monitoring, the UE shall also perform radio link monitoring. In this case, the Qout evaluation period (TEvaluate_Qout_DRX) and the Qin evaluation period (TEvaluate_Qin_DRX) specified in Table 7.6.2.2-2 will be used  Note 1.

Note 1:
This RLM requirement does not need to be tested.

When the downlink radio link quality of the PCell or PSCell estimated over the last TEvaluate_Qout_DRX [s] period becomes worse than the threshold Qout, Layer 1 of the UE shall send out-of-sync indication for the PCell or PSCell to the higher layers within TEvaluate_Qout_DRX [s] evaluation period. A Layer 3 filter shall be applied to the out-of-sync indications as specified in TS 36.331 [2].

When the downlink radio link quality of the PCell or PSCell estimated over the last TEvaluate_Qin_DRX [s] period becomes better than the threshold Qin, Layer 1 of the UE shall send in-sync indications for the PCell or PSCell to the higher layers within TEvaluate_Qin_DRX [s] evaluation period. A L3 filter shall be applied to the in-sync indications as specified in TS 36.331 [2].

The out-of-sync and in-sync evaluations of the PCell and PSCell shall be performed as specified in clause 4.2.1 in [3]. Two successive indications from Layer 1 shall be separated by at least max(10 ms, DRX_cycle_length).

Upon start of T310 timer as specified in clause 5.3.11 in TS 36.331 [2], the UE shall monitor the link for recovery using the evaluation period and Layer 1 indication interval corresponding to the non-DRX mode until the expiry or stop of T310 timer.

The transmitter power of the UE shall be turned off within 40 ms after expiry of T310 timer as specified in clause 5.3.11 in TS 36.331 [2].
Table 7.6.2.2-1: Qout and Qin Evaluation Period in DRX

DRX cycle length (s)

TEvaluate_Qout_DRX  and TEvaluate_Qin_DRX  (s) (DRX cycles)

≤ 0.01

Non-DRX requirements in clause 7.6.2.1 are applicable.

0.01 < DRX cycle ≤0.04

   Note (20)

0.04 < DRX cycle ≤ 0. 64
   Note  (10)
0.64 < DRX cycle ≤ 2.56
Note  (5)

Note1:
Evaluation period length in time depends on the length of the DRX cycle in use
Note 2:     MCG’s DRX configuration is applied for PCell and SCG’s DRX configuration is applied for PSCell
Table 7.6.2.2-2: Qout and Qin Evaluation Period in DRX when higher-layer signalling restricted measurement resource

DRX cycle length (s)

TEvaluate_Qout_DRX  and TEvaluate_Qin_DRX  (s) (DRX cycles)

≤ 0.01

Non-DRX requirements in clause 7.6.2.1 are applicable.

0.01 < DRX cycle ≤0.04

   Note (40)

0.04 < DRX cycle ≤ 0. 16
   Note  (20)
0. 16 < DRX cycle ≤ 0.64
 Note  (10)
0.64 < DRX cycle ≤ 2.56
Note  (5)

Note 1:
Evaluation period length in time depends on the length of the DRX cycle in use
Note 2:     MCG’s DRX configuration is applied for PCell and SCG’s DRX configuration is applied for PSCell
7.6.2.3
Minimum requirement at transitions
The out-of-sync and in-sync evaluations of the PCell and PSCell shall be performed as specified in clause 4.2.1 in [3]. Two successive indications from Layer 1 shall be separated by at least max(10 ms, DRX_cycle_length).

When the UE transitions between DRX and non-DRX or when DRX cycle periodicity changes, for a duration of time equal to the evaluation period corresponding to the second mode after the transition occurs, the UE shall use an evaluation period that is no less than the minimum of evaluation periods corresponding to the first mode and the second mode. Subsequent to this duration, the UE shall use an evaluation period corresponding to the second mode. This requirement shall be applied to both out-of-sync evaluation and in-sync evaluation of the PCell and PSCell.

7.6.2.4
Minimum requirement during SI Acquisition with autonomous gaps

For E-UTRAN FDD-UTRAN FDD measurements with autonomous gaps, for identification of the CGI of a UTRA FDD cell (clause 8.1.2.4.17), the UE shall also perform radio link monitoring. In this case the out-of sync and in-sync evaluation periods can be longer than those defined in sections 7.6.2.1-7.6.2.3.

For E-UTRAN TDD-UTRAN FDD measurements with autonomous gaps, for identification of the CGI of a UTRA FDD cell (clause 8.1.2.4.18), the UE shall also perform radio link monitoring. In this case the out-of sync and in-sync evaluation periods can be longer than those defined in sections 7.6.2.1-7.6.2.3.
7.6.2.5
Minimum requirement under IDC Interference

When the UE is provided with IDC solution, the UE shall also perform radio link monitoring and meet the corresponding requirements in clause 7.6.2.




· 7.7
SCell Activation and Deactivation Delay for DC
RAN2 discussed activation/deactivation for Dual connectivity and made the following agreements[3]:

	· MeNB can only activate and deactivate Cells associated with MeNB. SeNB can only activate and deactivate Cells associated with SeNB. Cross-eNB activation/deactivation is not supported.

· Special SCell (i.e. the cell with PUCCH from SeNB) starts with activated state upon configuration and cannot be deactivated. 

· Other SCells from SeNB/MeNB starts with deactivated state upon configuration and can be activated/deactivated same as Rel-10/11. 


In our understanding, the SCells in MCG and SCG can be activated and deactivated by MAC CE same as Rel-10/11 CA. so the SCell activation and deactivation delay for DC could reuse the existing requirements defined for CA.
· 7.x pSCell configuration and release delay for DC
Also based on the previous agreements, pSCell starts with activated state upon configuration and cannot be deactivated, in other words, a pSCell is simultaneous activated when configured and cannot be deactivated. Thus the pSCell configuration and release procedure is differential with SCell activation/deactivation. We suggest that add new section for defining pSCell configuration/release delay for DC. The detailed analysis on how to define the delay is in [4].
Table 1. Delay budget requirements for pSCell configuration [R4-144493]

	Delay Items
	Synchronous
	Asynchronous

	
	Known pSCell
	Unknown pSCell
	Known pSCell
	Unknown pSCell

	RRC Procedure
	15ms
	15ms
	15ms
	15ms

	pSCell activation time 
	20ms
	30ms
	20ms
	30ms

	SFN acquisition
	50ms
	50ms
	50ms
	50ms

	RACH uncertainty
	30ms
	30ms
	30ms
	30ms

	Total delay
	115ms
	125ms
	115ms
	125ms


· 7.8 Interruptions with DC
The existing requirements related to the interruptions on PCell that are allowed for a E-UTRA CA capable UE when its SCell is added, released, activated or deactivated and measurements are specified in section 7.8. In DC scenario, the following actions would induce interruptions

· SCell addition, release, activation or deactivation and measurements would cause interruptions on all activated serving cells (PCell, pSCell, and other activated SCells)
· PSCell activation or deactivation and measurements would cause interruptions on PCell (PCell and other activated SCells)
Unsynchronized scenario or synchronized scenario will impact the interruptions. [5] give the detailed analysis. 
The conclusions are as following.
- Maximum interruption at PSCell configuration/release will be [2]ms for inter-band unsynchronized DC.

- Maximum interruption during measurements on PSCell will be [2]ms for inter-band unsynchronized DC.

- Maximum interruption at PSCell configuration/release will be [1]ms for inter-band synchronized DC.

- Maximum interruption during measurements on PSCell will be [1]ms for inter-band synchronized DC.

New sections specify interruptions in DC shall capture these requirements.
· Section 8: UE Measurements Procedures in RRC_CONNECTED State
Since PSCell starts with activated state and cannot be deactivated, we propose that the measurement requirements for activated SCell specified in section 8.3 in carrier aggregation could be applied to PSCell and activated SCell in DC. For PCell and deactivated SCell the measurement reporting delay and measurement procedure could partly reuse the existing requirements in CA. We list the following items that need to be distinguishingly considered in DC.
· 8.1 General Measurement Requirements
It is agreed in [6]

· Measurement GAP configuration
· For synchronised scenario
· If RAN2 agreed the common GAP, then existing GAP configuration can be reused, i.e. common GAP and 6 ms MGL on both MCG and SCG
· For unsynchronised scenario
· FFS
For gap configuration in unsynchronised scenario we provide the detailed analysis in [7].
· Measurement reporting requirements
The existing measurement reporting requirements when no DRX is used could be reused when DC is introduced.
In DC scenario, the current measurement reporting requirements when DRX is used shall be considered. In DC, DRX can be configured separately on MeNB and SeNB, different DRX cycles may exist in MCG and SCG serving cells. So how to define the measurement reporting requirements in DRX in DC is an issue.
· For intra-frequency measurements
From power saving point of view, independent DRX configuration per CG (Cell Group) could be used. In other words, for the measurements on the intra-frequencies in MCG serving cells, the MCG’s DRX cycle could be used. For the measurements on the intra-frequencies in SCG serving cells, the SCG’s DRX cycle could be used.
· For inter-frequency measurements

In our understanding, inter-frequency measurements is not urgent, so from power saving point of view, we suggest that max{ MCG’s DRX cycle, SCG’s DRX cycle } could be used for inter-frequency measurements.
· Section 9: Measurements performance requirements for UE
No new measurement requirements are foreseen in DC scenario, thus the existing accuracy requirements could be reused.

3 Summary
The following content in TS36.133 would be impacted when DC is introduced in Rel-12. The interested companies are encouraged to provide the corresponding CRs for update these requirements.
	Impact sections
	Impact content

	Section 6.2 Random access
	Contention based random access procedures and non-contention based random access procedures can be carried out on PCell and pSCell.

Non-contention based random access procedure is supported on SCells.

Contention based random access procedure on SCells is FFS.

	Section 7.1 UE transmit timing
	For the pTAG the UE uses the PCell as timing reference. For the sTAG including the PSCell, UE uses the PSCell as timing reference. In a sTAG not including PSCell, the UE may use any of the activated SCells of this TAG as a timing reference cell.

	Section 7.6 Radio Link monitoring: 
	(1) RLM detection is carried out in PCell in MCG and pSCell in SCG, however RRC connection Re-establishment procedure is not triggered in pSCell and UE shall inform the RLF of PSCell to MeNB.
(2) MCG’s DRX configuration is applied for PCell and SCG’s DRX configuration is applied for PSCell

	New section: PSCell configuration and release delay for DC
	PSCell configuration and release delay shall be defined.

- PSCell configuration activation time is [115]ms for timing known case and [125]ms for timing unknown separately

	New section: Interruptions with DC
	- Maximum interruption at PSCell configuration/release will be [2]ms for inter-band unsynchronized DC.

- Maximum interruption during measurements on PSCell will be [2]ms for inter-band unsynchronized DC.

- Maximum interruption at PSCell configuration/release will be [1]ms for inter-band synchronized DC.

- Maximum interruption during measurements on PSCell will be [1]ms for inter-band synchronized DC.



	Section 8.1: general  measurement requirements
	The existing reporting delay requirements could be reused. 

1) Measurement gap configuration would be updated if gap align is agreed in RAN2.

2) DRX clarification in DC
· For intra-frequency measurements

For the measurements on the intra-frequencies in MCG serving cells, the MCG’s DRX cycle could be used. For the measurements on the intra-frequencies in SCG serving cells, the SCG’s DRX cycle could be used.

· For inter-frequency measurements

Max{ MCG’s DRX cycle, SCG’s DRX cycle } could be applied for inter-frequency measurements.



4 Conclusions
In this contribution, the RRM requirements parts of dual Connectivity are detailed discussed.  Corresponding CRs are provided in [R4-144499] and [R4-144500].
Reference

[1] R4-71AH-0096, Wayforward on RRM impacts of dual connectivity, Huawei, HiSilicon
[2] R2-142839, Introduction of Dual Connectivity, NTT DOCOMO
[3] R2-141851, LS on Activation/deactivation for Dual Connectivity, NSN
[4] R4-144493, Further analysis on configuration/activation time for pScell, Huawei, HiSilicon
[5] R4-144498, Analysis on synchronised and unsynchronised scenario in dual connectivity, Huawei, HiSilicon
[6] R4-71AH-0098, WF on Dual Connectivity Capability, NTT DOCOMO
[7] R4-144495, Discussion on MGP configuration of unsynchronized case for dual connectivity, Huawei, HiSilicon






_1295162078.unknown

_1298457539.unknown

_1271863979.unknown

