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1 
Introduction
In the last RAN4 AH meeting, some new RRM requirements in TS36.133 [1] for Dual Connectivity in LTE were discussed [2], e.g. 

· Section 7.7 SCell activation and deactivation delay for E-UTRA carrier aggregation;
However, PSCell activation procedure related issues are still quite controversial especially in case of unsynchronized DC. 

In this contribution, further considerations on PSCell activation procedures and corresponding delay requirements in both synchronized and unsynchronized DC scenarios are discussed. 
2 PSCell activation delay requirements
In the previous RAN4 meetings, the RRM requirements in TS36.133 [1] impacted by DC are discussed, e.g. SCell activation/deactivation time requirements. 
According to RAN2 agreements [3], in DC the serving cells of the MCG other than the PCell can only be activated/deactivated by the MAC Control Element received on MCG. Thus for SCells in MCG, the SCell activation and deactivation delay requirement based on TS36.133 Section 7.7 [1] can be applied. 

Similarly for SCells in SCG, the serving cells of the SCG other than PSCell can only be activated/deactivated by the MAC Control Element received on SCG. Thus for SCells in SCG except PSCell the SCell activation and deactivation delay requirement based on TS36.133 Section 7.7 [1] can be applied.

However, PSCell in SCG is always activated like the PCell (i.e. deactivation timer is not applied to PSCell) and cannot be deactivated [3]. And PSCell starts with activated state upon SeNB addition and configuration [3]. That is the overall procedure of PSCell activation is totally different with that of SCell activation in CA. Thus it is desirable to define a new PSCell activation procedure to include not only UE activate RF chain but also SeNB addition and configuration.
Proposal 1:  It is desirable to define new requirements on PSCell activation delay in DC in which not only RF chain activation but also SeNB addition and configuration are included.
Depending on synchronized/un-synchronized DC and PSCell blind/known addition before SeNB reconfiguration, PSCell activation procedures shall be considered in the following cases.
· Case 1: un-synchronized DC when SeNB known to UE 
In this case, the cell in SeNB to be added as PSCell was known and measured by UE before “RRCConnectionReconfiguration”. The overall procedure is given in Figure 1 [3]. 

1) MeNB controls the UE measurement configurations on the cells of MeNB and SeNB.

2) UE is triggered to send measurement reports of the measured cells in both MeNB and SeNB. 

3) MeNB decides to request PSCell of SeNB to be added.  

4) SeNB will decide PSCell be added, which is known to UE (e.g. PCI and PSS/SSS timing are known). Then SeNB will response “SeNB addition request ACK” if the RRM entity in the SeNB is able to admit the resource request and it will allocate respective radio resources. 

5) If the MeNB endorses the new configuration from SeNB, it triggers the UE to apply it by “RRCConnectionReconfiguation”. The UE starts to apply the new configuration. 
6) The UE completes the reconfiguration procedure. 
7) The MeNB informs the SeNB that the UE has completed the reconfiguration procedure successfully.
8) UE will trigger RF chain activation, including RF chain warm up, the frequency and time tracking loops warm up, AGC settling.
9) UE acquires MIB on PSCell in order to get the SFN of the SCG and to learn the offset between SFN on MCG and SCG (if any). 

10) UE performs random access to obtain UL synchronization towards PSCell of the SeNB.
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Figure 1.  PSCell activation when SeNB known to UE in un-synchronized DC
· Case 2: un-synchronized DC when SeNB blind to UE 
In this case, the cell in SeNB to be activated as PSCell was blind to UE before “RRCConnectionReconfiguration”. The overall procedure [3] is given in Figure 2. The detailed procedures are same as these of Case 1 except the steps below. 

4) SeNB will decide one PSCell be added, which may be blind to UE. Then SeNB will response “SeNB addition request ACK” if the RRM entity in the SeNB is able to admit the resource request and it will allocate respective radio resources.
9A) Because SeNB is blind when being added, the necessary cell detection (e.g. PSS/SSS acquisition) shall be preceded. 
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Figure 2.  PSCell activation when SeNB blind to UE in un-synchronized DC
· Case 3: synchronized DC when SeNB known to UE 
The overall procedures under this scenario are same as these of Case 1 because UE is not aware of MeNB and SeNB are synchronized or not when SeNB is added.    

· Case 4: synchronized DC with SeNB blind to UE 
The overall procedures under this scenario are same as these of Case 2 because UE is not aware of MeNB and SeNB are synchronized or not when SeNB is added. 

Observation 1:  Because UE is always acquiring MIB on PSCell in order to obtain the SFN of the SCG and to learn the offset between SFN on MCG and SCG (if any) no matter what synchronized and un-synchronized DC [3], the PSCell activation procedures and corresponding delay requirements are same for synchronized and un-synchronized DC. 

Observation 2:  On the other hand, if there is a network signaling to indicate synchronized or un-synchronized status between MeNB and SeNB, UE need not to acquire SFN in MIBs when MeNB and SeNB are synchronized as illustrated in Figure 3.
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Figure 3.  PSCell activation in synchronized DC without SFN acquiring
Proposal 2:  If there is a network signaling to indicate synchronized or un-synchronized status between MeNB and SeNB, for synchronized DC acquiring SFN in MIB of SCG during PSCell activation can be skipped absolutely. As a result from RAN4 RRM view the timing delay of PSCell activation can be reduced greatly.
Observation 3:  PSCell activation delay requirements in DC can be summarized in the table below with the following assumptions:
· Only the time from “RRCConectionReconfiguration” (Step 5 in Figure 2 ) to “RandomAccess” (Step 10 in Figure 2) can be counted into the PSCell activation requirement of DC in RAN4.
· For synchronized DC UE need not to acquire MIB of SCG if the network signaling to indicate synchronized status between MeNB and SeNB is introduced. 

· Typical detection delay of MIB is about 40ms.
· DC is limited to only inter-band 2UL CA combinations. That is there is only 1 CC per CG. As a result, there is no interruption due to SCell activation considered. 
Table 1.  Typical PSCell activation delay requirements (ms)
	
	Sync DC with known PSCell activation
	Sync DC with blind PSCell activation  
	Un-sync DC with known PSCell activation  
	Un-sync DC with blind PSCell activation  

	RRCConnectionReconfiguration
	15
	15
	15
	15

	SeNB reconfiguration complete
	25
	25
	25
	25

	RF chain activation
	20
	20
	20
	20

	PSS/SSS acquisition
	-
	10
	-
	10

	MIB(SFN)
	-
	-
	40
	40

	Random access
	10
	10
	10
	10

	Total requirement
	70
	80
	110
	120


3 
Conclusion
In this contribution, further considerations on the new requirements of PSCell activation delay in DC are provided. In conclusion, the following proposal and observations can be drawn: 
Proposal 1:  It is necessary to define new requirements on PSCell activation delay in which not only RF chain activation but also SeNB addition and configuration are included.
Observation 1:  Because UE is always acquiring MIB on PSCell in order to obtain the SFN of the SCG and to learn the offset between SFN on MCG and SCG (if any) no matter what synchronized and un-synchronized DC [3], the PSCell activation procedures and corresponding delay requirements are same for synchronized and un-synchronized DC. 

Observation 2:  On the other hand, if there is a network signaling to indicate synchronized or un-synchronized status between MeNB and SeNB, UE need not to acquire SFN in MIBs when MeNB and SeNB are synchronized as illustrated in Figure 3.
Proposal 2:  If there is a network signaling to indicate synchronized or un-synchronized status between MeNB and SeNB, for synchronized DC acquiring SFN in MIB of SCG during PSCell activation can be skipped absolutely. As a result from RAN4 RRM view the timing delay of PSCell activation can be reduced greatly.
Observation 3:  PSCell activation delay requirements in DC can be summarized in the table below with the following assumptions:
· Only the time from “RRCConectionReconfiguration” (Step 5 in Figure 2 ) to “RandomAccess” (Step 10 in Figure 2) can be counted into the PSCell activation requirement of DC in RAN4.

· For synchronized DC UE need not to acquire MIB of SCG if the network signaling to indicate synchronized status between MeNB and SeNB is introduced. 

· Typical detection delay of MIB is about 40ms.
· DC is limited to only inter-band 2UL CA combinations. That is there is only 1 CC per CG. As a result, there is no interruption due to SCell activation considered. 

Table 1.  Typical PSCell activation delay requirements (ms)
	
	Sync DC with known PSCell activation
	Sync DC with blind PSCell activation  
	Un-sync DC with known PSCell activation  
	Un-sync DC with blind PSCell activation  

	RRCConnectionReconfiguration
	15
	15
	15
	15

	SeNB reconfiguration complete
	25
	25
	25
	25

	RF chain activation
	20
	20
	20
	20

	PSS/SSS acquisition
	-
	10
	-
	10

	MIB(SFN)
	-
	-
	40
	40

	Random access
	10
	10
	10
	10

	Total requirement
	70
	80
	110
	120
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