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1 Introduction
The PSCell activation time was under discussion during the RAN4-71AH meeting, where both synchronized and unsynchronized operation was considered [2], and companies were invited to investigate PSCell activation times until RAN4#72, see [3] for our contribution. Minutes from ad hoc sessions on the topic are found in [4]. The following was agreed:
· RRC procedure delay: 15ms

· No need for accounting for SeNB reconfiguration complete.

· PSCell activation time:

· Synchronized scenario

· Known cell: 20ms

· Unknown cell: 30ms

· Asynchronized scenario

· Known cell: 20ms

· Unknown cell: [30]ms

· SFN acquisition: 50ms

· PCell RACH uncertainty: for further studies

· PSCell RACH uncertainty: 30ms
In this contribution we again investigate the PSCell activation time, including cell detection time and prioritized RACH towards PCell.
2 Analysis

In dual connectivity the UE is connected to two eNodeBs simultaneously; MeNB and SeNB. Each of them may have one or more associated SCells which may be configured for DL, or DL and UL CA operation. The SCells are time-aligned to the MeNB and SeNB, respectively, but the MeNB and SeNB may or may not be time aligned with respect to frame timing and/or SFN. Two modes of operation are defined:
· Synchronized operation, where the downlink frame time difference between PCell and PSCell is within ±33us, and

· Unsynchronized operation, where the time difference between PCell and PSCell is arbitrary

Configuration and simultaneous activation of PSCell is done by MeNB, but otherwise the MeNB and SeNB operate the UE independently. Particularly, when the UE gets the SeNB activated it first has to carry out random access towards PSCell to establish a connection and get allocations so that it can send a first CQI report indicating the quality of the link as well as confirming that the activation has been successful.

The activation time, i.e. the time from configuration and activation until the PSCell can be utilized by the UE consists of the following:
· RRC procedure delay
· Cell detection and/or fine-tuning of cell timing, and CQI estimation

· Acquisition of PSCell SFN

· Random access procedure delay
The RRC procedure delay is generally agreed to be 15ms. In the PSCell activation case the cell is implicitly activated upon the RRC configuration, hence additional time for MAC processing (4ms in CA legacy) does not have to be taken into account.

The cell detection and/or fine-tuning delay depends on whether the MeNB and SeNB are in synchronized or unsynchronized operation. In case of synchronized operation the UE already knows within half an OFDM symbol where to find the synchronization signal of the PSCell. Hence this case resembles CA legacy requirements on SCell activation where cell detection and/or fine-tuning of timing and CQI estimation is allowed to take 24ms and 34ms for known and unknown SCell, respectively. Those times include 4ms MAC processing delay which is not needed when configuring and activating PSCell, hence 20 and 30ms are needed in synchronized operation of MeNB and SeNB for known and unknown cell, respectively. 
In unsynchronized operation and known cell some time may be needed for AGC, AFC and fine-tuning of cell timing since the cell may have been detected using a measurement bandwidth of 1.4MHz which potentially constitutes only a fraction of the PSCell DL system bandwidth. Upon having fine-tuned to the PSCell, CQI has to be calculated. The same activation procedure as in CA legacy can be used, leading to a 20ms delay (24ms in legacy CA and removing 4ms MAC processing delay). In case the PSCell is unknown, for unsynchronized operation the UE will have to search for it in similar fashion as for blind handover. Legacy requirement on enhanced cell detection states that this operation is allowed to take 80ms. Cell search is generally carried out over 1.4MHz bandwidth, meaning that after having detected the cell AGC, AFC and fine-tuning of the cell timing has to be carried out. Further, CQI has to be estimated. Once the cell has been detected the UE can use the same activation procedure as for CA legacy can be used, resulting in 80+20ms (where 4ms have been deducted since no MAC processing delay needs to be taken into account).
The main difference to CA when blindly activating a PSCell in DC is that for CA, the UE knows that the targeted cell’s timing shall be within about ±0.5 OFDM symbol, hence the UE can immediately assume that it can find synchronization signals and reference signals within this small range, and can completely bypass a conventional cell search. In a conventional cell search there is a risk for false detections which will trick the UE to spend time on verifying the existence of a ghost cell, thereby delaying the detection of the real cell. Also for a targeted cell search, where the UE directly uses the secondary synchronization signal of the target cell, come with a risk of false detections, extending the time until the true timing of the target cell is found. It is also important to note that CA in RRH scenario and DC are different kind of deployment scenarios. For example in RRH case (i.e. PCell and SCell in eNB and RRH respectively) the PCell has better knowledge about UE radio conditions with respect to the potential SCell to be configured/activated by the UE. But in DC the PCell and PSCell are in different eNode Bs, which may also have larger overlapping areas. Therefore PCell which configures the PSCell may not have good knowledge about UE situation with respect to PSCell. Hence it is reasonable to stick to the same detection time as assumed for unknown cells in other than CA, i.e., 80ms.     

Acquisition of SFN requires the MIB to be decoded. In legacy requirements on CGI acquisition using autonomous gaps it has been established that for MIB to be successfully decoded under reasonable side conditions, 3 blocks from the same 40ms period are needed. Depending on where in a 40ms period the UE does its first attempt it may require receiving up to 5 blocks before 3 blocks from the same period have been acquired. Hence the SFN acquisition may take up to 50ms.

Random access towards the PSCell may take between 20 and 50ms depending on configuration (random access occasions, allowed number of retransmission attempts, etc). The random access is necessary since the UE does not have any allocations in PSCell and hence cannot immediately send CQI to indicate that it has synchronized, as is done in CA legacy. During RAN4#72 it was agreed that this shall be accounted for as 30ms.
Hence, the activation time consists of
TPSCell_act = TRRC_proc_delay + Tcell_detection + TSFN_acq + TRA_PSCell
with times specified in Table 1 below.
Table 1: PSCell activation time without interfering random access towards PCell
	Scenario
	TRRC_proc_delay
	Tcell_detection
	TSFN_acq
	TRA_PSCell
	Total time

	Synchronized
	 eq \o\ac(○;1)PSCell known
	15 ms


	20 ms
	50 ms
	30 ms
	115 ms

	
	 eq \o\ac(○;2)PSCell unknown
	
	30 ms
	
	
	125 ms

	Unsynchronized
	 eq \o\ac(○;3)PSCell known
	
	20 ms
	
	
	115 ms

	
	 eq \o\ac(○;4)PSCell unknown
	
	80+20 ms
	
	
	195 ms


The figures in Table 1 are valid under the assumption that no simultaneous random access is requested for the PCell, or the UE would be able to execute two random access procedures in parallel. The reason for simultaneous random access in PCell may for instance be:

· resynchronization of PCell UL after long inactivity, i.e., the UE has to acquire a valid TA after expiration of timeAlignmentTimer, by which the UE has to clear all DL assignments and UL grants [6]
· scheduling request, e.g. for event-triggered measurement reporting
· positioning request by the network from eNB or from E-SMLC (ECID UE Rx-Tx time difference measurement request) [5]. The UE may not be configured with SRS so it has to send random access. 
According to current discussions in RAN1 random access towards PCell shall be prioritized over random access towards PSCell, hence additional time needs to be taken into account in the event that PSCell configuration and activation is carried out during the time that a PCell random access has been called for.

Taking into account that a prioritized random access towards PCell is interrupting the PSCell activation delay, the activation time can be described as: 

 TPSCell_act = TRRC_proc_delay + Tcell_detection + TSFN_acq + TRA_PCell + TRA_PSCell 

with proposed values in Table 2 below. 

 Table 2: PSCell activation time with prioritized random access towards PCell

	Scenario
	TRRC_proc_delay
	Tcell_detection
	TSFN_acq
	TRA_PCell
	TRA_PSCell
	Total time

	Synchronized
	 eq \o\ac(○;5)PSCell known
	15 ms


	20 ms
	50 ms
	20 ms
	30 ms
	135 ms

	
	 eq \o\ac(○;6)PSCell unknown
	
	30 ms
	
	
	
	145 ms

	Unsynchronized
	 eq \o\ac(○;7)PSCell known
	
	20 ms
	
	
	
	135 ms

	
	 eq \o\ac(○;8)PSCell unknown
	
	80+20 ms
	
	
	
	215 ms


To summarize the activation delay can be described as
TPSCell_act = TRRC_proc_delay + Tcell_detection + TSFN_acq + TRA_PCell + TRA_PSCell
where 
· TRRC_proc_delay is set to 15ms

· Tcell_detection is set to 20 and 30ms for known and unknown cell, respectively, for synchronized DC, and 20 and [80]ms for known and unknown cell, respectively, for unsynchronized DC.

· TSFN_acq is set to 50ms  

· TRA_PCell is set to [20]ms in case the PSCell activation is interrupted by a random access towards PCell, otherwise set to 0.
· TRA_PSCell is set to 30ms

The resulting activation times are found in Table 1 and Table 2 for PSCell configuration and activation without and with interruption by random access towards PCell, respectively. 

Proposal 1: The activation delay is calculated as TPSCell_act = TRRC_proc_delay + Tcell_detection + TSFN_acq + TRA_PCell + TRA_PSCell, where
· TRRC_proc_delay is set to 15ms

· Tcell_detection is set to 20 and 30ms for known and unknown cell, respectively, for synchronized DC, and 20 and [80]ms for known and unknown cell, respectively, for unsynchronized DC.

· TSFN_acq is set to 50ms  

· TRA_PCell is set to [20]ms in case the PSCell activation is interrupted by a random access towards PCell, otherwise set to 0.

· TRA_PSCell is set to 30ms
3 Conclusions
We have analysed the PSCell activation time for both synchronized and unsynchronized DC operation, and propose the following:
Proposal 1: The activation delay is calculated as TPSCell_act = TRRC_proc_delay + Tcell_detection + TSFN_acq + TRA_PCell + TRA_PSCell, where
· TRRC_proc_delay is set to 15ms

· Tcell_detection is set to 20 and 30ms for known and unknown cell, respectively, for synchronized DC, and 20 and [80]ms for known and unknown cell, respectively, for unsynchronized DC.

· TSFN_acq is set to 50ms  

· TRA_PCell is set to [20]ms in case the PSCell activation is interrupted by a random access towards PCell, otherwise set to 0.

· TRA_PSCell is set to 30ms
The proposal takes into account that in case random access towards PCell is to be carried out during the ongoing PSCell activation, it may introduce an additional delay.
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