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1. Introduction
In RAN4#63AH, good progress was made on the discussions on SCell activation delay and the outcome was approved in an agreed way forward [1]. We have highlighted the areas that are still shown as FFS.


[image: image1]
2. Discussion
Essentially, the way forward provides a framework for the activation requirement, and the main outstanding work in RAN4 is to define the values of α, β and γ as well as to consider the exact definition of “timing known/timing unknown” and finally to consider the procedural aspect of whether the UE shall be allowed to send CSI to the eNB if the UE has completed SCell activation before the allowed maximum activation time in cold/warm start. These aspects are considered in turn
Activation time for warm-start (γ)
Previously we have provided analysis [2], [3] and budgets indicating that we think if the MAC CE command implying activation comes in subframe n, the activation could be completed in subframe n+9. Hence we propose that with this definition of γ, γ=[9]ms is adopted by RAN4.
Proposal 1: α, β and γ should be understood to be the time between the MAC-CE command implying SCell activation and the activation of the SCell (ie α, β and γ=8ms in current specifications)
Proposal 2 : For warm start, activation delay γ=[9]ms is adopted by RAN4.
Activation time for cold-start-1( α)

For cold start-1, we previously proposed that the scenario was very similar to a blind handover, and SCell activation time of up to ( α=85ms would be assumed. However, it is true that CA activation/deactivation may occur more often than blind handover in a non CA network, so it seems important to optimise the implementation. In addition, handover involves RRC interaction, whereas CA activation is a MAC layer procedure. Hence we propose to adopt the assumption and analysis from [4]. According to [4], an activation time of 28ms can be expected in the worst case when the SCell timing is known and the RF needs to be started froms scratch.
Proposal 3 : For cold start-1, activation delay α=[28]ms is adopted by RAN4.
Activation time for cold-start-2( β)

For cold start 2, there has not been much analysis performed so far by companies in RAN4. For this case, the RF is off (deactivated) but otherwise the scenario is very similar to a warm start scenario – much should be known about the timing signal on the secondary component carrier from previous measurements, at least to the level that PSS and SSS acquisition is not necessary to determine the timing.. Similarly to the warm start, AGC acquisition and channel estimation needs to be performed in the cold start-2 procedure,  and the additional steps are mostly RF related – powering up the RF, and initialising the local oscillator to the correct frequency. These steps are expected to be fast, however since the granularity of activation time is in subframes, we propose an additional 1ms compared with the warm start case to initialise RF components, ie β=10ms
Proposal 4 : For cold start-2, activation delay β=[10]ms is adopted by RAN4.
Exact definition of “timing known/timing unknown”
In the handover interruption time, the following definition is used to determine if a cell is known :

“In the interruption requirement a cell is known if it has been meeting the relevant cell identification requirement during the last 5 seconds otherwise it is unknown”

As the the main procedural difference in the timing known/unknown cases for SCell activation is whether PSS and SSS decoding is required to activate the SCell, it may not be sufficient that the cell has been meeting the cell identification requirements – for example if non CA operation has been occurring without measurement gaps in the previous 5 seconds then the UE may very likely be unaware of the cell timing even ifit has been meeting the relevant cell identification requirement. Thus it seems necessary to also condition the requirement on measurements having been configured,, for example :

“In the SCell activation  requirement a cell is known if measurements of the secondary component carrier have been configured and  the cell has been meeting the relevant cell identification requirement during the last 5 seconds otherwise it is unknown”

This automatically means that 5s after configuration of an SCell, its timing shall be known by the UE (provided it is not very weak and failing to meet the cell identification requirement during the period) since measurements of deactivated SCells are always configured.
Another consideration is that for intraband contiguous carrier aggregation. Our understanding is that cold start-1 procedure should never apply to intraband contiguous carrier aggregation, ie it is not necessary to determine the timing from PSS/SSS since at least some UEs are expected to implement intraband contiguous carrier aggregation with a single 40MHz receiver and FFT processing. So the PCell and SCell must be time aligned within a fraction of a cyclic prefix from the UE receiver standpoint, independent of the architecture used to implement the UE (since the alignment needs to be guaranteed by deployment).

Hence, the full definition of timing known/unknown is proposed

Proposal 5: In the SCell activation  requirement a cell is known if measurements of the secondary component carrier have been configured and  the cell has been meeting the relevant cell identification requirement during the last 5 seconds or if intraband contiguous carrier aggregation is configured, otherwise it is unknown
Is the UE be allowed to send CSI to eNB if UE has completed the SCell activation before allowed maximum activation time in cold-/warm-start?

For this question, it is important to consider, can the eNB predict if cold-start1, cold-start-2 or warm start procedures will be followed by the UE. If the eNB cannot predict this in all cases then it anyway needs to be able to deal with UE that start CSI reporting at different times relative to the MAC-CE activation command.

Considering differentiation between cold-start-2 and warm start, this depends on whether the UE RF is already activated. It seems clear that the eNB has no knowledge if the UE has to activate an RF chain to activate the SCell since it depends on UE architecture. It could perhaps be assumed that for interband CA the UE will need to activate an RF chain, but for intraband CA it depends on UE architecture and implementation whether the RF is already running.

For the differentiation of cold-start-1 and cold-start-2 there is a better chance for the eNB to predict the case (assuming the definition in proposal 4) since the eNB would know if meaurements have been configured for ≥5 seconds, or if it is performing intraband contiguous carrier aggregation. On the other hand, what is not known is whether the cell has been detectable for 5s.
For the differentiation of cold-start-1 and warm-start, it seems unlikely that warm start can occur except for intraband contiguous carrier aggregation. And cold start-1 can never occur for intraband contiguous carrier aggregation. Therefore cold-start-1 and warm-startappear to be mutually exclusive cases from the network perspective, and the eNB should not expect a warm start for interband CA, nor a cold-start-1 for intraband contiguous CA for example.

Anyway, based on this discussion, we expect that there is still an ambiguity from the eNB perspective on when the UE will  perform different procedures. For interband CA the ambiguity only exists when activating SCells weak cells (not meeting the detection critera during 5s prior to activation) so it is perhaps more of an error case . However, for intraband contiguous CA, the eNB cannot determine if a UE will perform a cold-start-2 procedure, or a warm start.

Since the eNB would need to be able to deal with different UE activation delays, at least in some cases, we assume that it is robust to UEs that start their SCell CSI reporting at different times. This also means that it should be able to handle the situation where CSI reporting starts at a time between the extreme values too. So it seems that there may be some benefit to allowing the UE to start sending CSI to eNB if UE has completed the SCell activation before allowed maximum activation time in cold-/warm-start. Alternatively, it could be required as with current specifications to send CQI at timing of eg n+8, but the UE would be allowed to send out of range value until the end of the activation delay.

However, for this question, much depends on the exact numbers that are chosen by RAN4 – if there is a wide gap between the different cases which may occur, and the eNB is blind to which case the UE is performing, or if the numbers themselves are large then it makes sense to allow different activations. But if, as in our proposals β=10ms and γ=9ms and the only case where there is eNB ambiguity is between warm start and cold start 2 then it may alternatively make sense to consider fixed delays between the MAC-CE activation command and the start of SCell CSI reporting. Therefore, we would make a definitive proposal for this question once the values for α, β and γ are settled, looking at how large the worst case UE delays are, and how much they differ from each other

3. Conclusions

In this contribution, we provide analysis on the SCell activation delay for different cases defined in [1] and suggest the following values
Proposal 1: α, β and γ should be understood to be the time between the MAC-CE command implying SCell activation and the activation of the SCell (ie α, β and γ=8ms in current specifications)

Proposal 2 : For warm start, activation delay γ=[9]ms is adopted by RAN4
Proposal 3 : For cold start-1, activation delay α=[28]ms is adopted by RAN4.
Proposal 4 : For cold start-2, activation delay β=[10]ms is adopted by RAN4
In addition, we provide a proposal for the definition of timing known/timing unknown in the requirements.
Proposal 5: In the SCell activation  requirement a cell is known if measurements of the secondary component carrier have been configured and  the cell has been meeting the relevant cell identification requirement during the last 5 seconds or if intraband contiguous carrier aggregation is configured, otherwise it is unknown

We also evaluate whether the UE should be allowed to send CSI to eNB if UE has completed the SCell activation before allowed maximum activation time in cold-/warm-start. Various factors related to this are identified, but a final conclusion cannot be made until the values for α, β and γ are settled, looking at how large the worst case UE delays are, and how much they differ from each other. Our assumption is that at least in certain intraband contiguous cases, the eNB is unable to predict if the UE will perform a warm start or cold start-2 procedure. There are also uncertainties between whether the UE will perform a cold-start-1 or a cold-start-2 procedure for interband carrier aggregation, but these would typically only occur on the activation of a very weak SCell and may be considered of less importance.
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Requirements of SCell activation time


Identical requirement for TDD and FDD cases


Identical requirement for Intra-band and inter-band cases


Requirements are defined separately based on SCell states


“Cold-Start 1” 


SCell RF is not activated


Timing information is unknown


Not possible for intraband contiguous CA


“Cold-Start 2”


SCell RF is not activated


Timing information is known


“Warm-Start”


RF is already activated. 


Timing information is known


8ms for deactivation is sufficient


Activation time for Cold-Start 1


The allowed maximum activation time is [α] ms, α is FFS.


Activation time for Cold-Start 2


The allowed maximum activation time is [β] ms, β is FFS.


Activation time for Warm-Start


The allowed maximum activation time is [λ] ms, λ is FFS


All interested companies are recommended to provide the analysis of above three cases and the exact activation and the definition of timing-known/timing-unknown in August RAN4 meeting.


It is FFS if the UE will be allowed to send CSI to eNB if UE has completed the SCell activation before allowed maximum activation time in cold-/warm-start











