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1 PScell configuration/activation time
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	7.13.3.1
	R4-147295
	Approval
	Further discussion on UE RRM requirements for Dual Connectivity
	NTT DOCOMO, INC.

	7.13.3.4
	R4-147177
	Approval
	Discussion on PSCell configuration/activation time
	Huawei, HiSilicon

	7.13.3.4
	R4-147585
	Discussion
	Further discussion on UE RRM requirements for Dual Connectivity
	Ericsson`

	7.13.3.4
	R4-147704
	Discussion
	PSCell activation requirements in Dual Connectivity
	Intel Corporation


Previous agreements in RAN4 #72bis: R4-146648
· pSCell activation time for unsynchronized case
· Option1 (Intel, Huawei, HiSilicon, MTK): 30ms
· Option2 (Ericsson, CATT, NN, Nokia, Qualcomm): 80ms
· SFN acquisition
· Option2: 50ms 

· Pcell RACH uncertainty

Up to [20]ms in case the PSCell activation is interrupted by a random access towards PCell, otherwise set to 0.
Note: We could revisit this value after RAN1 have conclusion.

· Total pScell configuration/activation time

	Delay Items
	Subframe level sync (up to 33us)
	Subframe level async (up to 500us)

	
	Known pSCell
	Unknown pSCell
	Known pSCell
	Unknown pSCell

	RRC Procedure
	15
	15
	15
	15

	pSCell activation time 
	20ms
	30ms
	20ms
	[TBD]ms

	SFN acquisition
	50
	50
	50
	50

	Pcell RACH uncertainty
	
	
	
	

	PScell RACH uncertainty
	30
	30
	30
	30

	Total delay
	
	
	
	


Proposals from companies:
	Companies
	Proposals

	NTT DOCOMO, INC.
	Proposal 1: PSCell activation delay for Unknown PSCell in unsynchronized scenario is 30ms.



	Huawei, HiSilicon
	Proposal1: PSCell activation time for unknown PSCell is 30ms when the maximum received subframe boundary timing difference at the UE is more than 33us.

	Ericsson
	Proposal: The PSCell activation time for unknown PSCell in unsynchronized scenario should be taken as 80ms.

	Intel Corporation
	Proposal 1:  The maximum time delay for PSCell activation in case of unsynchronized DC with unknown timing information can be [20+10]ms.

Proposal 2:  In case the PSCell activation is interrupted by a random access towards PCell, the additional 20ms delay shall be considered to overall PSCell activation/configuration time requirement.


Open issue: 
·   pSCell activation time for unsynchronized case
· Option1: 10 +20ms
· Option2: 80 +20ms
Agreements:

· pSCell activation time for unsynchronized case
30ms, provided Pscell is detectable on the first attempt 
· Total pScell configuration/activation time

	Delay Items
	Subframe level sync (up to 33us)
	Subframe level async (up to 500us)

	
	Known pSCell
	Unknown pSCell
	Known pSCell
	Unknown pSCell

	RRC Procedure
	15
	15
	15
	15

	pSCell activation time 
	20ms
	30ms
	20ms
	30ms

	SFN acquisition
	50
	50
	50
	50

	Pcell RACH uncertainty
	20
	20
	20
	20

	PScell RACH uncertainty
	30
	30
	30
	30

	Total delay
	135
	145
	135
	145


2 DRX measurement for DC

Related contribution list:
	Agenda
	Tdoc number
	Type
	Title
	Source

	7.13.3.5
	R4-147296
	Approval
	Report and summary of email discussion on measurement requirements for Dual Connectivity
	NTT DOCOMO, INC.

	7.13.3.5
	R4-147232
	Discussion
	RRM Connected state measurements requirements for Dual Connectivity
	Nokia Corporation, Nokia Networks

	7.13.3.5
	R4-147465
	Discussion
	DRX cycle for inter-frequency and inter-RAT measurement in dual connectivity
	Ericsson

	7.13.3.5
	R4-147298
	LS out
	[Draft] Reply LS on RRM measurement for DC
	NTT DOCOMO, INC.

	7.13.3.5
	R4-147466
	LS out
	[DRAFT] LS on for inter-frequency and inter-RAT measurement in dual connectivity

	Ericsson


Previous agreements in RAN4 #72bis: R4-146811
· For intra frequency measurement

· Requirement of the measurement accuracy is based on the DRX cycle of the serving cells

· PCell follow MCG DRX cycle

· PScell follow SCG DRX cycle

· For inter frequency measurement

· Option 1: MCG DRX cycle is used

· Option 2: DRX cycle which is used for determining the requirement of the measurement accuracy is decided by NW signaling per UE.

Proposals from companies:
	Companies
	Proposals

	NTT DOCOMO, INC.
	· Overall summary of the email discussion
For intra frequency measurement
(i) Which condition shall be used to determine whether applying measurement requirements when DRX is used or measurement requirements when no DRX is used.

· Issue 1: Shall UE follow the following rules?
· YES: 8 companies
· NO: 0 companies
For inter frequency/RAT measurement
(iii) Which condition shall be used to determine whether applying measurement requirements when DRX is used or measurement requirements when no DRX is used.
· Issue 2: Which Option shall be used?
· Option 1: 5 companies
· Option 2: 1 company
· Option 3: 2 companies
(iv) If measurement requirements when DRX is used is applied in the above, which DRX cycle shall be used to determine the requirement of the measurement accuracy.

· Issue 3: Which option shall be used?
· Option 1: 5 companies
· Option 2: 3 companies

· Way Forward

Way forward 1: Intra-frequency measurement requirements of PCell shall be based on DRX state in MCG. Intra-frequency measurement requirements of PSCell shall be based on DRX state in SCG.

Way forward 2: To specify MCG DRX based measurement requirements for inter frequency measurements in Rel-12 Dual Connectivity. Enhancement will be able to be discussed in later release, if needed.

	Nokia Corporation, Nokia Networks
	Proposal: RAN4 should adopt applying ’Shortest/no DRX’ for measurement requirements in MCG, when SCG is active in dual connectivity when configured to do so by network.

	Ericsson
	Proposal 1 : By default, measurement requirements are based on the MCG DRX cycle for dual connectivity if no signalling is sent, but per UE signalling may be used to override this such that when the signalling is sent, measurement requirements are based on the SCG DRX cycle.

Proposal 2 : For issue 2, the interfrequency and inter RAT DRX state is determined from the cell group which is used to determine the interfrequency and inter RAT measurement performance (i.e. option 3 is adopted)




Open issue:

· Intra-freq DRX requirement for DC
· Option1: PCell follow MCG DRX state and cycle, PScell follow SCG DRX state and cycle

· Option2: Shortest/no DRX’ for measurement requirements in MCG, when SCG is active in dual connectivity when configured to do so by network
· Inter-freq DRX requirement for DC
· Option1: follow MCG DRX state and cycle

· Option2: 

· When DRX is used both for MCG and SCG, by default, measurement requirements are based on the MCG DRX cycle for dual connectivity if no signalling is sent, but per UE signalling may be used to override this such that when the signalling is sent, measurement requirements are based on the SCG DRX cycle.
· The interfrequency and inter RAT DRX state is determined from the cell group which is used to determine the interfrequency and inter RAT measurement performance.
Agreements:

· Intra-freq DRX requirement for DC in Rel-12
· Was approved in R4-146811and sent to RAN2 in RAN4#72bis
· Inter-freq DRX requirement for DC in Rel-12
· MCG DRX cycle is used for determining the requirement of the measurement requirement. Therefore, no additional signalling is needed for determining the above requirement.

3 Interruption requirement in DC

Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	7.13.3.5
	R4-147183
	Approval
	Email discussion on interruptions in DC
	Huawei, HiSilicon

	7.13.3.5
	R4-147178
	Discussion
	Further analysis on interruption in dual connectivity
	Huawei, HiSilicon

	7.13.3.5
	R4-147184
	Way Forward
	Wayforward on interruptions in DC
	Huawei, HiSilicon

	7.13.3
	R4-147133
	Discussion
	Interruptions for Dual Connectivity
	Qualcomm Incorporated

	7.13.3.4
	R4-147230
	Discussion
	Dual Connectivity interrupt discussion and UE power savings
	Nokia Corporation, Nokia Networks

	7.13.3.4
	R4-147231
	Discussion
	Interrupt length in asynchronous Dual Connectivity
	Nokia Corporation, Nokia Networks

	7.13.3.4
	R4-147368
	Discussion
	Discussion of Interruption Requirements for Dual Connectivity
	Alcatel-Lucent



	7.13.3


	R4-147705
	Discussion
	Interruption requirements in Dual connectivity
	Intel Corporation


Proposals from companies:

	Companies
	Proposals

	Huawei, HiSilicon
	Proposal1: The interruption length for PSCell configuration/activation in unsynchronized case is up to 2ms.

Proposal 2: 
- In case 1, the interruptions on PCell due to transitions between active and non-active during PSCell DRX is up to 1ms for synchronized case and unsynchronized case.

- In case 2, the interruptions on PSCell due to transitions between active and non-active during PCell DRX is up to 1ms for synchronized case and unsynchronized case.
Proposal 3: Interruption requirements need not to be considered when both MCG and SCG are in DRX state.

Proposal 4: Interruptions due to the transitions between active and non-active during DRX are allowed with up to [0.5%] probability of missed ACK/NACK when the configured DRX cycle is [640]ms or longer. 

Proposal 5: The interruption during transitions between DRX and non-DRX is up to 1ms for synchronized case and unsynchronized case.


	Qualcomm Incorporated
	Observation 1: If not enough interruptions are allowed to enable significant power consumption gains, DRX does not serve its purpose and becomes useless.

Observation 2. Allowing interruptions of up to 2ms would not cause bigger network performance degradation because the total amount of interruptions is capped by the allowed interruption percentage.

Proposal 1. Allow interruptions up to 2ms for asynchronous DC operation.
Proposal 2. Do not allow any interruption during the DRX on duration.

Proposal 3. Allow 1% interruptions for all DRX cycles.



	Nokia Corporation, Nokia Networks
	· Interruption length

it seems feasible to have limit the interrupt also for asynchronous DC to 1ms.
· percentage limit of the missed ACK/NACK
Adapt the Rel-11/12 CA solution as baseline also for DC interrupt solution. I.e., the UE is allowed a 0.5% packet drop rate if DRX cycle is equal to or larger than 640ms. In addition if UE has indicated to network that it causes interrupts the network may allow the UE cause interrupts for other DRX cycles


	Alcatel-Lucent
	Proposal 1: The interruption length on PCell for the PSCell configuration/activation for unsynchronized DC is limited to 1ms, the same as synchronized DC.

Proposal 2: It needs to be clarified whether the PSCell configuration/activation delay for unsynchronized DC is based on PCell or PSCell subframe counts. 

Proposal 3: If PSCell configuration/activation delay for unsynchronized DC is based on PCell subframe count starting from the activation message is received, the PSCell configuration/activation delay can be 1ms longer than the cases for synchronized DC.  

Proposal 4: If PSCell configuration/activation delay for unsynchronized DC is based on PSCell time, the PSCell configuration/activation delay should be counted starting from the PSCell subframe immediately after the PCell subframe when the activation message is received.

	Intel Corporation
	Proposal 1: In both unsynchronized and synchronized DC scenarios, the interruption requirement on PCell or PSCell interruption due to DRX ON/OFF states transition can 1 ms.

Proposal 2: In unsynchronized DC scenarios, the interruption requirement in PCell due to PSCell activation/configuration can be [1]ms.


Open issue:

(1) Interruptions in PSCell configuration/activation in unsynchronized case
· Issue 1: Interruption length for PSCell configuration/activation in unsynchronized case
· Option 1A: 2ms (Huawei, HiSilicon, DOCOMO, CATT, Qualcomm, Ericsson)
· Option 1B: 1ms (Alcatel-Lucent, Intel, CATT, Nokia Corporation, Nokia Networks)
Agreements:

· Interruption length for PSCell configuration/activation in unsynchronized case
· 2ms 
Intel had technical concern on this value.
(2) Interruptions at transitions between active and non-active during DRX for unsynchronized case.
Case 1: MCG is in Non-DRX state, SCG is in DRX state
Case 2: MCG is in DRX state, SCG is in Non-DRX state
Case 3: Both MCG and SCG are in DRX state
· Issue 2: what is the interruption length for case1 and case2?
· Option2A: up to 2ms (Qualcomm)
· Option 2B: up to 1ms(Huawei, HiSilicon, Alcatel-Lucent, Intel, DOCOMO, CATT, Ericsson, Nokia Corporation, Nokia Networks)
Agreements:

· Option2A: up to 2ms (Qualcomm)

· Option 2B: up to 1ms(Huawei, HiSilicon, Alcatel-Lucent, Intel, DOCOMO, CATT, Ericsson, Nokia Corporation, Nokia Networks, CMCC)

The final value is FFS.
· Issue 3: what is the interruption length during case 3?
· The interruptions for both MCG and SCG are in DRX state need not to be considered.
Agreements:

· what is the interruption length during case 3
· The interruptions will not happen in DRX on_duration period

This will be captured in TS36.133

· Issue 4: whether is it feasible that a percentage limit of the missed ACK/NACK alike in CA?
· Option4A: 
· Allow 0.5% probability of missed ACK/NACK when the configured PCell DRX cycle is [640 ms] or longer.
· Option4B:

· Allow 1% interruptions for all DRX cycles.
· Option4C: 
· UE is allowed a 0.5% packet drop rate if DRX cycle is equal to or larger than 640ms. In addition if UE has indicated to network that it causes interrupts the network may allow the UE cause interrupts for other DRX cycles
Agreements:

· Option4B:

· Allow [1]% interruptions for all DRX cycles below [640]ms DRX cycle, otherwise, allow [0.625]% interruptions .
Supporting companies: (Qualcomm, Huawei, HiSilicon, Intel, MTK, DoCoMo, LGE, Ericsson, CMCC)

· Option4C: 
· UE is allowed a 0.5% packet drop rate if DRX cycle is equal to or larger than 640ms. In addition if UE has indicated to network that it causes interrupts the network may allow the UE cause interrupts for other DRX cycles
Supporting companies: (Nokia, Nokia Network)
It is FFS which option will be chosen.
(3)Interruptions at transitions between DRX and non-DRX for unsynchronized case.
· Issue 5: Interruptions at transitions between DRX and non-DRX? 
· Option 5A: 

- up to 2ms(Qualcomm)
· Option 5B: 

· - up to 1ms (Huawei, HiSilicon, Alcatel-Lucent, Intel, DOCOMO, CATT, Ericsson, Nokia Corporation, Nokia Networks)
Agreements:

· Option2A: up to 2ms (Qualcomm)

· Option 2B: up to 1ms(Huawei, HiSilicon, Alcatel-Lucent, Intel, DOCOMO, CATT, Ericsson, Nokia Corporation, Nokia Networks, CMCC)

The final value is FFS.
4 RLM requirements for DC 

Related contribution list:
	Agenda
	Tdoc number
	Type
	Title
	Source

	7.13.3.2
	R4-147180
	Approval
	Clarification on RLM requirement for dual connectivity
	Huawei, HiSilicon


Previous agreements in RAN4 #72bis: R4-146648
· The separate DRX configuration could be applied for defining Qout and Qin evaluation period, i.e., MCG’s DRX configuration is applied for PCell and SCG’s DRX configuration is applied for PSCell
[Subject to RAN2]
· The transmitter power of PSCell if configured shall be turned off within 40 ms after expiry of  T310 timer of PSCell and the transmitter power of the UE shall be turned off within 40 ms after expiry of  T310 timer of PCell as specified in clause 5.3.11 in TS 36.331
Proposals from companies:
	Companies
	Proposals

	Huawei, HiSilicon
	Proposal1: The transmitter power of PSCell if configured shall be turned off within 40 ms after expiry of  T313 timer and 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.




Open issue: 

None.

Agreements:
The transmitter power of PSCell if configured shall be turned off within 40 ms after expiry of  T313 timer and 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.
5 Gap and UE behaviour

Related contribution list:
	Agenda
	Tdoc number
	Type
	Title
	Source

	7.13.3.5
	R4-147181
	Approval
	On UE behaviour after measurement GAP for dual connectivity
	Huawei, HiSilicon

	7.13.3.5
	R4-147586
	Approval
	Measurement gap requirements for DC in 36.133
	Ericssion

	7.13.3.1
	R4-146893
	Discussion
	Discussion on Rel-12 UE behaviour on measurement GAP
	CATT


Proposals from companies:
	Companies
	Proposals

	Huawei, HiSilicon
	Proposal: The legacy UE behaviour after measurement gap can be reused for both synchronized and unsynchronized DC.



	Ericsson
	Proposal-1: The subframe pairs for MCG and SCG can be defined in a way so that the first subframe in the MGL of SCG will be the subframe that starts immediately after the first subframe of MCG has started.


	CATT
	During the measurement gaps the UE:

· shall not transmit any data

· is not expected to tune its receiver on any of the E-UTRAN carrier frequencies of PCell and SCell, or PCell and PSCell of synchronized dual connectivity.
In the uplink subframe occurring immediately after the measurement gap on cells of MCG or PSCell of synchronized dual connectivity, the UE shall not transmit any data, except that when 

· all the serving cells belong to E-UTRA TDD, and

· the subframe occurring immediately before the measurement gap is an uplink subframe on all the serving cells,

the UE can transmit data or not is up to the UE implementation.
For unsynchronized dual connectivity, UE shall not transmit data and is not expected to tune its receiver on up to 7 subframes on PSCell overlapped with measurement gap configured by PCell.


Previous agreements in RAN4 #72bis meeting: R4-146648
· GAP for unsynchronised DC

· The GAP length is the time from starting tuning to end of retuning, which is up to 6 subframe for MCG and SCG. The total interruption time on SCG is [7] subframes.
· Figures on definition of MGL will be helpful.
· UE behaviour after MGP

· Behaviour shall be defined for MCG and SCG
Open issue:

· UE behaviour after measurement gap in synchronised case
· Option1: The R-11legacy UE behaviour after gap can be reused.
· UE behaviour after measurement gap in unsynchronised case
· Option1: The R-11legacy UE behaviour after gap can be reused.
· Interruption due to measurement gap in unsynchronised case
· Option1: UE shall not transmit and receive data up to 7 subframes on pSCell which is overlapped with measurement gap configured on PCell.
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Agreements:
· UE behaviour after MGP: TBD
· UE behaviour after measurement gap in synchronised case
· Option1: The R-11legacy UE behaviour after gap can be reused.
· NOTE 2:
A measurement gap starts at the end of the latest subframe occurring immediately before the measurement gap among MCG serving cells subframes.
· NOTE3: MGL is the time from starting tuning to end of retuning, which is aligned between MCG and SCG. The total interruption time on SCG is 6 subframes for synchronous dual connectivity, and the total interruption time on SCG is 7 subframes for asynchronous dual connectivity. As shown in Figure 8.1.2.1-1, MCG subframes from i+1 to i+6 are included in total interruption time together with SCG subframes from j+1 to j+6 for synchronous dual connectivity and j+1 to j+7 for asynchronous dual connectivity.
· NOTE 4: 
For asynchronous dual connectivity as shown in Figure 8.1.2.1-1 (b), subframe j is regarded as the subframe occurring immediately before the measurement gap for SCG, similarly, subframe j+8 is regarded as the subframe occurring immediately after the measurement gap for SCG.
· 
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The wording of ‘synchronous’ and ‘asynchronous’ shall be used instead of ‘synchronized’ and ‘unsynchronized’ respectively.
· UE behaviour after measurement gap in unsynchronised case
· The UE behaviour on SF# (j+7) on SCG in synchronous DC case can be reused for SF #(j+8) on SCG in asynchronous DC case.
6 Cell phase synchronization accuracy for DC
Related contribution list:
	Agenda
	Tdoc number
	Type
	Title
	Source

	7.13.3.3
	R4-147252 
	CR
	CR for TS36.133 on Cell phase accuracy for Dual Connectivity
	NTT DOCOMO, INC., Alcatel-Lucent, Ericsson, Nokia Networks


Agreements:

7 CRs
	7.13.3.4
	R4-146895
	CR
	CR for PSCell configuration delay requirements
	CATT

	7.13.3.5
	R4-147297
	CR
	Introduction of measurement requirements for Dual Connectivity
	NTT DOCOMO, INC.

	7.13.3.5
	R4-147179
	CR
	Introducing interruption requirements for dual connectivity into TS36.133
	Huawei, HiSilicon

	7.13.3.5
	R4-147587
	CR
	Introduction of measurement gap requirements for DC in 36.133
	Ericssion

	7.13.3.1
	R4-146894
	CR
	CR for Rel-12 UE behaviour on measurement GAP
	CATT

	7.13.3.5
	R4-147294
	CR
	introduction of RRM requirements for Dual Connectivity
	NTT DOCOMO, INC.

	7.13.3.6
	R4-147182
	CR
	Introduction of UE transmit Timing requirements for DC
	Huawei, HiSilicon

	7.13.3.1
	R4-147229
	CR
	Clarification for uplink timing requirements for Dual Connectivity 
	Nokia Networks, Nokia Corporation


Agreements:
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(a) measurement GAP for synchronized dual connectivity
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