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1
Introduction
One of the two objectives of the euCA WID [3] is:

	· Reduced delays in Scell set-up, including shorter Scell configuration delay after UE moves from idle to connected by addressing the following aspects:

· Measurements on Scell candidates (e.g. network assistance in identifying Scell candidate carriers, and best effort UE measurements for Scell candidates),

· Measurement reporting (e.g. utilize UE’s earlier idle mode measurements for configuring Scell),

· Scell configurations and activations (e.g. the network could immediately configure Scell for CA without additional measurements when UE’s earlier idle mode measurements are available for setting up Scell)




In RAN2#99 meeting, the following agreements were reached related to delay reduction for SCell set-up [5]:

Agreements:

1
UE can be indicated an inter-frequency carrier to measure during the idle state. The inter-frequency measurement operation and requirement is FFS. How fast to report the measurement is FFS. The security issue of report is FFS.

2
It is FFS on whether configuring a SCell to be directly in active state at RRC reconfiguration. 

In this paper, we will discuss the Agreement #2 and what are the implications of having SCell directly in active state at the RRC reconfiguration.
2
Faster SCell activation
2.1 
Classification of faster Scell activation schemes

In RAN2#99 meeting, one discussion point that remained open was whether the SCell should be in active state at RRC reconfiguration. In the meeting, few options were discussed, but without many details:

1. In [6], [7] and [8] it was proposed to consider SCell activation directly at SCell configuration. Similarly, in [10] it is proposed to consider that an SCell could be activated at HO when SCells are configured as part of UE configuration, which is a form of SCell activation during configuration.
2. In [9] it was proposed to have a new SCell state without PDCCH monitoring to enable faster SCell activation. 
3. In [11] it was proposed not to introduce direction activation, while in [12] it is proposed to use UL signals to indicate SCell readiness to eNB.
The topic was discussed, but no agreements were reached. In the end, it was decided to start an email discussion on faster activation of SCell. In addition, the goal was also to clarify how much does the CQI computation affect the current SCell activation time. In the following, we provide a more detailed analysis considering the possible alternatives.

2.2 
SCell activation directly at SCell configuration
Since we assume that UE has been measuring a candidate SCell before RRC connection setup, it can be assumed that the UE has been able to acquire the cell synchronization. Therefore, we can use the RAN4 requirements where the cell is already known.
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 \* MERGEFORMAT  illustrates the full legacy procedure of SCell activation. 
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Figure 1 Legacy LTE: SCell measurements, configuration and activation procedure 
Out of this, Figure 2 shows just the process of configuring SCell, activating it and being able to transmit data via the SCell.
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Figure 2 SCell configuration and activation

From the point of receiving the SCell Configuration in time instance n, until the CSI transmission in UL, there are the following steps:
· n – time when the SCell Configuration in RRCConnectionReconfiguration is sent

· n+20 (i.e. 20 ms RRC processing delay) – time for UE to process the RRCConnectionReconfiguration, apply the contained configuration and reply with RRCConnectionReconfigurationComplete
· m+8 – UE processing time for the SCell activation MAC CE and measuring, preparing and transmitting (at earliest) a CSI report. The PUCCH format changes after m+8 to take the activated SCell into account and if there is no valid CQI computed, UE will report OOR value for the CQI.
· m+24 – latest time when UE processing the SCell activation MAC CE and measuring, preparing and transmitting a CSI report (for case when UE has been able to measure the cell before activation)
· After this, the UE can be scheduled in SCell 
As can be seen, should the SCell be directly activated, there basic questions to answer is when is the SCell considered activated and when does the PUCCH format change? In other words, since there is no MAC CE, how is m related to n, i.e. can the m+8 be part of n+20? And how does the eNB know when the SCell has been successfully activated by the UE?
Timing for m+8 (i.e. PUCCH format change): In the current specification, when UE receives an activation command MAC CE of an SCell in subframe m, the corresponding actions shall be applied no earlier than subframe m+8, except for e.g. the actions related to CSI reporting on a serving cell which is active in subframe m+8 [36.213]. On the other hand, according to [36.133], upon receiving SCell activation command in subframe m, the UE shall be capable to transmit valid CSI report and apply actions related to the activation command for the SCell being activated no later than in subframe n+24 (or n+34 for a blindly added SCell).
Hence, the timing for directly activated SCell could simply follow the RRC processing time: UE is able to send CQI report for SCell at n+20 (i.e. immediately after RRC reconfiguration takes place). The CQI report would then be valid at m+16, where m = n+20, i.e. it could take additional 16ms for UE to have computed CQI. Table 1 below shows a comparison to legacy case CQI delay, illustrating that there is a possibility for 39% reduction in the SCell activation delay if the UE can start computing CQI already while sending the RRCConnectionReconfigurationComplete.

	Legacy case
	Directly activated SCell

	RRCConnectionReconfiguration: 20ms

RRCConnectionReconfigurationComplete: 15ms

MAC CE: 8ms

CQI computation: 16ms
	RRCConnectionReconfiguration: 20ms

Sending RRCConnectionReconfigurationComplete AND computing CQI (simultaneous procedures): max(15, 16) ms = 16 ms

	Total delay: 20+15+8+16 = 59ms
	Total delay: 20+16 = 36ms


Table 1. SCell activation delay estimate for directly activated SCell
Observation 1: Direct activation of SCell can reduce Scell activation time by 39%.
Successful SCell activation: A key question is, if the SCell is directly in activated state after the RRC reconfiguration, how can the eNB know as soon as possible that the configuration was successful – so that the UE can be scheduled in the SCell. For that we see at least the following options:

a) Based on HARQ ACK

b) Based on RLC ACK (i.e. RLC status report) 
c) Wait until RRC reconfiguration complete arrives (i.e. the legacy way)
d) Wait until a valid CQI report arrives (i.e. when UE reports something else than OOR CQI)
a) Using HARQ ACK

If using HARQ ACK, there are NACK(ACK and DTX(ACK errors to consider, but those are typically rare (rate of roughly 10-3…10-4). 

In this alternative, the eNB would need to keep track in which HARQ TB the RRC reconfiguration message is sent (considering also possible segmentation if not going in a single Tx). This means some additional complexity, but allows faster reaction time.
b) Using RLC ACK
If using RLC status report as basis, the eNB again needs keep track in which RLC PDU the RRC reconfiguration was sent. Moreover, the polling bit needs to be set, so that UE will send the RLC status report right away.
c) Using eNB-received RRCConnectionReconfigurationComplete from UE
This is the existing way – eNB waits for the explicit RRC message confirming UE has taken the configuration into account. The option c) is slower than option a) or b) but the most reliable one.

d) Using eNB-received CQI report from UE 

This can also be done with legacy procedures – eNB can just wait until UE sends something else than OOR as the CQI report to know how to schedule the UE. This option is also reasonably reliable, and can avoid waiting RRC confirmation message from UE.
Based on the above, we see that any of the procedures could be used, depending on eNB implementation. The crucial task for RAN2 would be to define the UE behaviour, which would mean that only d) requires some standardization effort, and even that should be in RAN1.
Observation 2: There are several ways for eNB to detect when UE RRC configuration has been taken into use even before receiving RRCConnectionReconfigurationComplete.
Hence, it is possible for eNB to know when the PUCCH configuration changes, and that UE has taken the directly activated SCell configuration into use, which means that it could be possible to combine the procedures of configuration and activation. However, defining when the SCell is actually activated is a task to be done in RAN4, not RAN2, so an LS should be sent to RAN4 to start the work on that.

Proposal 1: Allow SCell to be configured as activated. 

Proposal 2: When SCell is configured as activated, the PUCCH format changes to take this into account at n+20 (i.e. after the RRC processing delay).

Proposal 3: UE shall have the SCell activated latest at n+20+x.  Send LS to RAN4 to ask what the value for x would be.
The figure 2 below shows the expected procedures for the SCell that is directly activated at configuration.
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Figure 3 Directly activated SCell configuration procedure (showing only the configuration + activation)
In [13], it is discussed that allowing low periodicity CQI measurements and reporting within new fast SCell activation state (i.e., UE already maintains CQI estimation loops in new state) allows UE to quickly transition from new fast SCell activation state to legacy SCell activated state. Such a “fast CQI” could also be used to speed up the SCell activation: Immediately upon receiving the RRC configuration with the activated SCell, the UE could start measuring a “fast” CQI measurement to be sent to eNB as fast as possible. Should this be possible to do already within the n+20, the activation time for the “real” CQI could potentially be quite short, even so that x=0 could be possible. 
Proposal 4: If the proposal in [13] is agreed, discuss whether such a CQI could also be utilized for obtaining faster CQI feedback for the case when SCell is directly activated upon configuration.
3
Conclusions
Observation 1: Direct activation of SCell can reduce Scell activation time by 39%.
Observation 2: There are several ways for eNB to detect when UE RRC configuration has been taken into use even before receiving RRCConnectionReconfigurationComplete.
Proposal 1: Allow SCell to be configured as activated. 

Proposal 2: When SCell is configured as activated, the PUCCH format changes to take this into account at n+20 (i.e. after the RRC processing delay).

Proposal 3: UE shall have the SCell activated latest at n+20+x.  Send LS to RAN4 to ask what the value for x would be.

Proposal 4: If the proposal in [13] is agreed, discuss whether such a CQI could also be utilized for obtaining faster CQI feedback for the case when SCell is directly activated upon configuration.
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