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1 Introduction
There have been some discussions about the handover procedure in the presence of carrier aggregation. One of the open questions is regarding the status of S-cells treated after handover. This email discussion aims to better understand the implications of treating the S-cells as activated or deactivated after handover.
2 Discussion
The figure below shows the two main approaches under consideration for the handling of S-cells after handover. With option 1, the S-cell(s) are considered activated when the UE sends handover complete. With option 2, the S-cells are explicitly activated later after handover is complete.
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The sections below consider various questions that have come up during the discussion in RAN2#70. Companies are invited to provide their views.
Need for configuring and not activating at handover

It has been argued that at handover the only reason to include S-cells in the handover command is to be able to use them right after the handover (i.e., schedule the UE) [1]. No clear need has been expressed for the scenario where the handover command includes an S-cell but the eNB does not intend to schedule on the S-cell after handover.
Q1: Is there a need to configure an S-cell at handover if the intention is not to activate upon handover?
	Company
	Opinion

	Motorola
	We think that the primary use case for including S-cells in the handover command is to use them immediately upon handover. However, there can be some cases where it is useful to include S-cells in the handover command even if the eNB does not plan to use them immediately upon handover. The handover command can prepare the UE for CA after handover (by providing system information relevant to the S-cells); it may then be possible to quickly activate S-cells without going through the configuration step. Therefore, we think it is beneficial to indicate in the handover command, whether S-cells are to be activated upon handover.
On the other hand, it is possible to include in the handover command only those S-cells that the network intends to use immediately after handover. The disadvantage with this approach is that there is an additional RRC procedure (and associated delay) when another S-cell needs to be added. However, this may not be a significant disadvantage. It may be adequate if the handover command includes only S-cells that the network intends to use immediately after handover.

	 Intel
	It should be possible to pre-configured SCells so they can be activated in target eNB if and when required by QoS. The use of this capability and specific SCell’s of target eNB to be pre-configured by serving eNB should be subject to HO preparation/negotiation signalling on X2.  So from specification perspective this capability is needed.

	LG
	With the activation/deactivation functionality, the eNB can manage Scells loosely. It means that the eNB can configure Scells at handover even if the eNB does not intend to use the Scells right after handover.
From our view, the difference between option1 and option2 is negligible. The Scell activation delay is less than 10ms, and Pcell is always available. Thus, the selection between two options is just a matter of taste of each company.
We slightly prefer to have Scell deactivated after handover, because it is aligned with Reconfiguration case.

	Samsung
	We shares with LG’s view. 

	NEC
	We prefer to support Option 2. 
If Option 2 is not supported, 2 steps (configuration and activation) is needed after handover completion and the activation delay will be about 20 ms. So, the benefit of supporting Option 2 is to shorten the delay about 10 ms, although Option 1 can shorten the delay 10 ms additionally. 
Another motivation to support Option 2 is that it is preferable to keep the definition regarding the configured Scell(s) similar in the case of CC reconfiguration and the case of handover. 

	Deutsche Telekom
	As argued in the previous meeting already, as the PCell is available and activated during the HO, having SCell also activated provides little benefits. Depending on the deployment scenario, it might not always be the case that both PCell and SCell are available during the HO (i.e. only in scenario #1 in 36.300 this is likely to happen, when cell coverage is the same).

Therefore we have a preference for a simple solution which is aligned with other procedures.  

	CATT
	We prefer Option 2. 
The SCells should be deactivated after handover with the considerations as below:
1. It is possible for eNB to blindly configure SCells in handover command, and eNB will not schedule the SCells immediately;
2. RRC reconfiguration message is used for handover command. For the normal RRC reconfiguration message, the initial state of new configured SCells is deactivated. With the same rule, the Scells in handover command should be regarded as new configured SCells. So the initial state should be deactivated;
3. The main delay in handover is introduced by RA procedure. Compared to it, the delay introduced by activation could be ignored.

	Huawei
	To reduce the HO message size, we prefer true HO, i.e. the eNB only includes Scells which can be used immediately. 

	Pantech
	We prefer option 1. We think that it is more efficient to use pre-configure and activate the CC during the handover because of considering the CA which using multiple CCs.

	Fujitsu
	We prefer to Option 2.
We have a bit concern on Option 1. We would prefer to keeping a single behaviour, i.e. the activation will be only done by MAC signalling because otherwise some interaction between MAC and RRC about the activation functions can be foreseen. However, we also think Option 2 can’t be taken if activation/de-activation function is removed.

	Nokia/NSN
	The need to configure S-cell(s) in the handover remains the same as in reconfiguration and therefore we think that clearest solution for S-cell(s) activation/de-activation in handover would be to use same logic as in reconfiguration i.e. new S-cells are always de-activated after handover. For non-changed or reconfigured S-cells the status remains after handover as in general reconfiguration case.  This would ensure similar handling of S-Cells in RRCConnectionReconfiguration case (except in HO case SCells are not active until contention resolution).  This should be quite simple approach and still allows Scells continue in activated state even after HO without explicit signaling i.e. shorter delay. If the delay is not an issue then probably deactivating S-cells at HO is most simple approach.


Issues with activation at handover

It is important to understand if there are any issues with option 1 and option 2.
Q2: Are there any technical issues with option 1?
	Company
	Opinion

	Motorola
	We do not see any problems with option 1.

	Intel
	Agree with Motorola. Option 1 is an optimization and since the choice of SCells to be configured is based on serving and target eNB signalling it does not have any negative impact. We also think that Option 1 can be generalized to provide capability of activating a subset of pre-configured SCells.

	LG
	No problem is identified.

	Samsung
	Technically no problem we guess. However we need additional signalling in order to indicate which Scell(s) are activated immediately and which Scell(s) aren’t unless option1 means all Scell(s) are activated immediately.

	NEC
	There will be no technical problem, but the additional signalling will be needed as Samsung indicated. 

	Deutsche Telekom
	We also do not see a technical issue, but we see the effort for additional signalling (both the standardisation and the actual signalling procedure in the network)

	CATT
	There will be no technical problem, but it is not wise to make the SCells all in activated state. 
UE has to process the RRC reconfiguration with the different rules on the SCells addition. 

	Huawei
	Agree with Motorola. We think all Scells are default activated after HO, so no additional signalling is needed.

	Pantech
	We don’t see any technical problem from option 1. 

	Fujitsu
	We don’t see big technical concerns but we need to think about what Samsung indicated above.

	Nokia/NSN
	It has already agreed that S-cell(s) are de-active during the HO i.e. some break to S-cell(s) usage will be even if new S-cell(s) would be automatically activated after HO. To get any gain from instant S-cell(s) activation after HO, there should be extensive data transfer ongoing during HO and if the additional delay due separate activation is very small, automatic activation does not provide any significant performance gain. On the other hand this automatic S-cell(s) activation after HO would provide a different handling of S-cell(s) compare to RRCConnectionReconfiguration case and increases the complexity of S-cell handling in general.


Issues with post-handover activation

It is important to understand if there are any issues with option 1 and option 2.

Q3: Are there any technical issues with option 2?
	Company
	Opinion

	Motorola
	1. If there are multiple cells activated before handover (i.e., heavy data transfer ongoing), the “delay before activation” of S-cells can mean that the data transfer has to be throttled resulting in additional buffering at the target eNB, loss of packets etc. This impact depends on the duration of the delay before activation. However, regardless of the duration of the delay, it seems to be unnecessary (i.e., delaying the activation does not provide any benefits).
2. It should be noted that the post handover activation is basically a two step process (configuration at handover and subsequent explicit activation). We think it is unnecessary to have such a two step process as it does not provide any benefits. 
3. Also, with option 2 there is a switching gap when the post handover activation is performed. With option 1, the switching gap due to activation is absent as the switching is done during the handover interruption.

	Intel
	We see no problem with Option 2 either and it can be combined with extension of option 1 as mentioned above such that it is  used for any SCell that is preconfigured and not activated during HO. Adopting this option also depends on whether we maintain activation process or not. 

	LG
	No problem is identified either.

	Samsung
	No problem is identified either. 

	NEC
	No technical problem is identified. 

	Deutsche Telekom
	No.

	CATT
	There is no technical problem with option 2. 

	Huawei
	We concern about message size due to introduction of unnecessary Scells into HO message. We also worry about performance of Option2. It will introduce interruption time due to RF chain retuning if the Pcell shares the same RF chain with other Scells.

	Pantech
	We don’t see any problem to use option 2. However, this issue should be investigated with the activation/deactivation issue. 

	Fujitsu
	No technical problem is identified.

	Nokia/NSN
	No technical problem is identified. 
It is already agreed that all S-cells are de-activated during the handover procedure up to content resolution and therefore there will be a break in S-cell(s) usage in any case. The separate activation should not increase the de-activation period significantly. 

On the other hand the option 2 would follow the same logic with reconfiguration procedure where new S-cell(s) are separately activated after configuration.


3 Summary of Email Discussion
.
As part of this discussion, companies provided views on status of S-cells upon handover.

1. On the question of whether there is a need to configure an S-cell at handover if the intention is not to activate, there does not seem to be a clear consensus (some companies think only S-cells that are intended for immediate use should be included in the handover while others think it is OK to have S-cells configured even if the intention is not to use after handover).

2. Companies do not see any technical issues with option 1 (activation of S-cells at handover complete).

3. Most companies do not see any technical issues with option 2 (explicit activation after handover is complete).

Overall, more companies favour option 2.

Other points to consider:
1. If activation is removed (email discussion [70#14]), this entire discussion becomes irrelevant.
2. The additional delay before S-cells can be activated also needs consideration (depends on [70#10]).
Proposal: If activation is retained, RAN2 is requested to discuss whether option 2 is acceptable.
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