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1 Introduction
There were some initial discussions about LAA SCell activation delay in the last two RAN4 meetings in Beijing and Sophia Antipolis. In the last meeting, we presented a proposal for LAA SCell activation delay in [1]. In this paper we have updated our proposal to correspond to the agreements made in RAN1#82bis. In our proposal we take into account the characteristics of transmission in unlicensed spectrum.
2 Activation Delay of LAA SCells
In section 7.7.2 of TS 36.133, activation delay for a UE configured with one downlink SCell is defined in the following way:
Upon receiving SCell activation command in subframe n, the UE shall be capable to transmit valid CSI report and apply actions related to the activation command as specified in [17] for the SCell being activated no later than in subframe n+24 provided the following conditions are met for the SCell:
-	During the period equal to max(5 measCycleSCell, 5 DRX cycles) before the reception of the SCell activation command:
-	the UE has sent a valid measurement report for the SCell being activated and
-	the SCell being activated remains detectable according to the cell identification conditions specified in section 8.3.3.2,
-	SCell being activated also remains detectable during the SCell activation delay according to the cell identification conditions specified in section 8.3.3.2.
Otherwise upon receiving the SCell activation command in subframe n, the UE shall be capable to transmit valid CSI report and apply actions related to the activation command as specified in [17] for the SCell being activated no later than in subframe n+34 provided the SCell can be successfully detected on the first attempt.
Thus, in Rel-12, SCell activation delay is defined as a fixed period of time. The working assumption behind the Rel-12 activation delay is that the SCell is in licensed spectrum, and PSS/SSS/CRS needed for activation can be guaranteed to be transmitted by the eNodeB in regular time instants. However, when SCell is in unlicensed spectrum, eNodeB LBT procedure may block the transmission, and UE may not have needed signals available regularly. For this reason, defining activation delay as a fixed time seems no longer to be feasible. In the worst case, eNodeB LBT may block transmission of all the necessary signals during the activation delay.
To guarantee UE to be able to carry out SCell activation, the definition of activation delay needs to be modified to fit the conditions in unlicensed carriers for LAA SCells. Our view is that activation delay could be handled as two periods:
A. Warm up period, during which the UE has opportunity to turn on its RF if this is needed. This step also includes any potential interrupt if this is caused by the UE. The duration of this period is either 0 or 8 ms, depending on whether warm up is needed or not.
B. Measurement period (including possible cell detection), during which the UE performs actions necessary for data reception (e.g. obtaining coarse and fine time/frequency synchronization). 
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[bookmark: _Ref430873193]Figure 1: Activation delay divided in two periods: warm up and measurement period.
During period A, UE may not yet be listening to eNodeB transmission on LAA SCell, so this period may not be impacted by the LBT procedure. As we see no significant difference on UE side whether the UE is activating RF for a licensed or an unlicensed carrier, we believe existing assumptions can be used concerning period A. Thus, period A is similar for Rel-12 and LAA SCells, and can be handled as a fixed period of time, taking into account that LAA only operates in TDD. 
The difference between licensed and unlicensed operation lies in period B, which may be highly impacted by potential LBT interruption on eNodeB side. Therefore it would be reasonable to handle these periods separately.
[bookmark: _Ref430873479]Proposal 1: Rel-12 assumptions and time are used for warm up period (A) when defining activation delay for LAA SCells.
[bookmark: _Ref431213901]Proposal 2: LBT impact is taken into account only during the measurement period (B) when defining activation delay for LAA SCells.
If RAN4 agrees that it is feasible to do cell detection and RRM measurements based on single shot, also LAA SCell activation should be possible with single shot. Thus, only one DRS would be needed for LAA SCell activation. DRS occurs within a DMTC, which occurs periodically. The exact values for DRS periodicity and duration of DRS occasion in LAA have not yet been agreed, but in Rel-12 DRS occurs every 40, 80 or 160 ms and a DRS occasion has a duration of 6 ms. In the latter part of this contribution we assume the same values for LAA DRS as examples, but obviously further RAN1 decisions will need to be taken into account in RAN4. Because there is a warm up period of 8 ms at the beginning of the activation delay, the target DMTC has to occur after this to guarantee that the UE is able to detect the transmitted DRS.
Basically the time needed for activation would with this approach be: warm up period of 8 ms plus the time to the end of the first complete DMTC not blocked by the eNodeB LBT after that. However, because it is not defined at which point of the DMTC cycle the eNodeB is allowed to transmit an activation command, the position of the first complete DMTC after the warm up period is not fixed. 
Figure 2 and Figure 3 show the best and worst cases of occurrence of the first complete DMTC after the warm up period. In the best case (Figure 2) the time needed for warm up and measurements is 8 ms + 6 ms (warm up + DMTC duration), taking into account that DRS occurrence within the DMTC may vary. In the worst case (Figure 3) the time needed is 8 ms + 39/79/159 ms + 6 ms, ending up to activation delay of 53/93/173 ms depending on DMTC periodicity (40/80/160 ms).
[image: ]
[bookmark: _Ref434396886]Figure 2: Best case: first complete DMTC occurs immediately after the warm up period. Activation delay is 8 ms + 6 ms = 14 ms.
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[bookmark: _Ref434396892]Figure 3: Worst case: Warm up period ends after the first subframe of DMTC, and the first complete DMTC occurs 39 (in the picture), 79 or 159 ms after the warm up period depending on the DMTC periodicity. Activation delay is 8 ms + 39/79/159 ms + 6 ms = 53/93/173 ms.
Additionally, it cannot be guaranteed that the eNodeB is able to transmit DRS within the first possible DMTC, because LBT may prevent the transmission. Thus, every time LBT blocks eNodeB from transmitting DRS within a DMTC, UE needs another DMTC cycle for activation. When the LBT impact is taken into account, the maximum time needed for activation after subframe n, where the activation command is received, would be:
Tactivation = Twarm-up + (TDMTC_periodicity + TDMTC_duration – 1 ms) + x × TDMTC_periodicity,
where Twarm-up = 8 ms, TDMTC_periodicity = 40/80/160 ms (Rel-12), TDMTC_duration = 6 ms (Rel-12), and x is a variable, which gets its value from the amount times that LBT blocks DRS transmission within a DMTC occurring after the warm up period. This is further illustrated in Figure 4.
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[bookmark: _Ref434398491]Figure 4: Worst case activation delay with TDMTC_periodicity = 40 ms and x = 1.
Activation delay should be based on the worst case scenario in the specifications, so with the single shot DRS approach, we propose the following:
[bookmark: _Ref434413023]Proposal 3: LAA SCell activation delay is specified as:
Tactivation = 8 ms + (TDMTC_periodicity + TDMTC_occasion  – 1 ms) + x × TDMTC_periodicity,
where TDMTC_periodicity and TDMTC_periodicity are to be decided by RAN1.
With DRS based approach, even though only one DRS would be used, the activation delay is much longer than in Rel-12, especially if eNodeB LBT blocks DRS transmission. However, RAN1 has agreed the following about PSS/SSS/CRS transmission:
Agreements:
· Every subframe 0 and 5, when transmitted by the eNB, should contain Rel-12 PSS/SSS/CRS where PSS/SSS/CRS in the LAA DRS is a subset of these signals.
· Number of CRS ports should be the same or higher than the number of CRS ports in the DRS.
· FFS: Partial TTI in SF0 and SF5
· FFS: Changes to scrambling for SSS/CRS 
· Note: A UE is only expected to detect and measure cells transmitting DRS during the configured DRS DMTC window (from RAN2 agreements)
· The PSS/SSS/CRS in LAA DRS is a subset of Rel-12 PSS/SSS/CRS.
· FFS: Changes to scrambling for SSS/CRS [2]

Thus, when eNodeB transmits in subframe 0 or 5, there should be Rel-12 PSS/SSS/CRS available. It is agreed that UE is only expected to detect and measure cells transmitting DRS during the configured DRS DMTC window, but there is no agreement that also LAA SCell activation should only be done from PSS/SSS/CRS within DRS. Hence, RAN4 could consider to take activation based on any PSS/SSS/CRS occurring in subframes 0 and 5 into account.
Observation 1: Activation based on any PSS/SSS/CRS transmitted in subframes 0 and 5 could be considered in RAN4 to make LAA SCell activation faster.

3 Conclusion 
In this contribution we have discussed LAA SCell activation delay with taking into account the impact of LBT procedure in unlicensed spectrum, and used DRS based single shot activation as a baseline. We have proposed the following:
Proposal 1: Rel-12 assumptions and time are used for warm up period (A) when defining activation delay for LAA SCells.
Proposal 2: LBT impact is taken into account only during the measurement period (B) when defining activation delay for LAA SCells.
Proposal 3: LAA SCell activation delay is specified as:
Tactivation = 8 ms + (TDMTC_periodicity + TDMTC_occasion  – 1 ms) + x × TDMTC_periodicity,
where TDMTC_periodicity and TDMTC_periodicity and are to be decided by RAN1.
Additionally, we have observed the following based on RAN1 agreements:
[bookmark: _GoBack]Observation 1: Activation based on any PSS/SSS/CRS transmitted in subframes 0 and 5 could be considered in RAN4 to make LAA SCell activation faster.
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