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1
Introduction
There have been various proposals on CC configuration and activation, with different lower and higher layer mechanisms in the previous RAN2 meetings. One of the main open issues is, if the RRCConnectionReconfiguration is sufficient also for activating and deactivating the carriers.

In order to make progress in the work, it would be preferable address first this issue, and to agree, which changes are needed in Rel-8 RRC connection reconfiguration mechanisms, in case of the basic CC configuration. Handovers, and the lower layer activation / deactivation can be discussed after these agreements have been made.

In this document, the starting point is that the Rel-8 RRC connection reconfiguration procedures and rules are used also for activation and deactivation. Problems arising from applying these procedures and rules on RRC layer are addressed, and solution alternatives are proposed.
2
Background
There have been several documents on CC addition and removal. The documents are mostly describing the overall mechanisms, including the mechanisms below RR), e.g., [2], [3], or concentrating mainly on the signalling overhead and setup time, e.g., [4]. The scope of this document is on RRC layer only, and on the issues, when the RRCConnectionReconfiguration message is used also for activating and deactivating the CCs. 

1.1
CCs and UE of the example

In the example case of this document, configuration of CCs for UE is studied. All events take place inside one sector of one eNB, i.e., no handovers occur due to mobility. The special cell is not changed either.
In the example of this document (ref. Figure 1):
· There are three CCs at the eNB: 
· CC1, which is the special cell (at least for the UE of this example)

· CC2, having the same coverage as CC1

· CC3, having smaller coverage area than CC2 and CC1
· None of the CCs is an extension carrier
· CCs are co-located (they have the same timing advance)
· UE of this example: 

· has capability to support all these three CCs simultaneously

· is camped on CC1 in RRC_IDLE

· has received the SI of CC2 in RRC_IDLE

· Note: It is not a generic requirement that the UE should measure the other CCs, or receive the SI of them, but this is the case in this example

· is initially in the coverage of CC1 and CC2, and moves during RRC_CONNECTED to coverage of CC3, too
· moves out of the coverage of CC3, while in RRC_CONNECTED later, but stays in the coverage of CC1 and CC2
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Figure 1: UE and CCs
1.2
RRC connection setup
This section describes the steps of RRC connection setup. This messaging sequence is provided for background; the procedures do not include CC addition or removal, and the steps are not affected by CA. The message sequence is presented in the Figure 2.
In the procedures of RRC connection setup, there are several alternative sequences, depending on, e.g., implementation choices and the history of the UE in the network. In this example, the following assumptions are made:
· The UE capabilities are already in the MME, therefore the UE capability enquiry procedure is not needed

· NAS service request is not combined with RRCConnectionRequest is not in use (this proposal is being discussed in LTE-A CP latency enhancements)
· Measurement reporting is not configured before SecurityModeCommand (ref. 36.331, 5.3.1.1)

· RRCConnectionReconfiguration is sent after SecurityModeComplete is received (ref. 36.331, 5.3.1.1)
During these steps, the UE remains in coverage of CC1 and CC2, but has not yet entered the coverage of CC3. 
RA and response to RA are not shown.
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Figure 2: RRC connection setup
The last message, marked in blue, is duplicated in the message sequences of the next sections.

3
CC allocation and removal

3.1
CC configuration and removal based on Rel-8
Even though 36.331 Rel-8 specifications do not support CA, the Rel-8 RRC connection reconfiguration procedures and messages can be used to add and remove CCs. It is assumed (in this sub-section) that the CCs are also activated or deactivated during the configuration and release.
The steps of Figure 3 are continuation of Figure 2. Not all messages (e.g., MeasurementReports), exchanged during the session, are shown.
“Reported” means below that the eNB has deemed  (based on MeasurementReports and other criteria) that the CC can be allocated as a resource. 

The difference between “CC as resource” and “CC as measurement object” in the RRCConnectionReconfiguration messages should be noted: The CCs are allocated here first as measurement objects. Based on the measurement results, they are later allocated as resources (for UL and DL connections).
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Figure 3: CC connection configuration and removal based on Rel-8
6) RRCConnectionReconfiguration contains, among others, the measurement configuration, but it does not contain configuration for CC2 or CC3, because eNB does not know, if these are available. Therefore, CC2 and CC3 are configured as measurement objects only.
8) UE sends the measurement report, which includes also measurements of CC2 (also SI of CC2 was read, in this example, already in RRC_IDLE). Based on the measurement, the eNB knows that CC2 can be configured, and activated on lower protocol layers.
11-16) Similarly, as in case CC2, also CC3 is configured and activated when it becomes available. CC3 is deactivated and released, after it becomes unavailable. 
On this level, there is one moment, where Rel-8 mechanisms may not be applicable: Handling of CC3, after it has become unavailable to the UE, but not yet released by RRCConnectionReconfiguration in step 15. Starting RLF timer is not appropriate here, because CC1 and CC2 still remain.
To summarize, the Rel-8 RRC connection reconfiguration procedure is applicable for activating and deactivating the CCs, except for the issue mentioned above. However, there are situations where the Rel-8 rules, would lead to unnecessary re-establishment. One of such cases is discussed more in the next section.
3.2 
UE unable to activate the CC at configuration
In this section, the first steps of the message sequence and the UE behaviour are identical to the sequence of Figure 3, according to Rel-8 procedures. The difference to the previous example is that the UE leaves the coverage of CC3 just before the RRCConnectionReconfiguration of step 12 has been sent to the UE.
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Figure 4: UE unable to activate CC3
12)  The reconfiguration fails, because CC3 cannot be taken into use (configured and activated). The message may contain also other elements than those needed to configure CC3 as resource. However, they cannot be configured either, because partial reconfiguration is not allowed (ref. 36.331 [1], section 5.3.5.5.).
13) According to 36.331, section 5.3.5.5, failure in reconfiguration leads to re-establishment, which is not feasible in this case, because the connection remains over CC1 and CC2. 
Basically, there are two alternatives to avoid the re-establishment:
1. Allowing partial configuration, i.e., the UE can ignore those parts of the CC configuration that cannot be activated 
· In this alternative, the UE sends RRCConnectionReconfigurationComplete in step 13, but with an indication that CC3 could not be configured.
2. UE interprets the configuration of CC3 as a configuration for a possible future use. This is basically the same as having separate lower layer activation / deactivation of the CCs, in addition to the RRC level configuration (presented in various contributions, e.g., the approach 2 of [4]). 

· The UE responds with RRCConnectionReconfigurationComplete in step 13, because the configuration is successful, even though activation of the CC3 is not possible. 
· This alternative is called “pre-loading”: The CCs are “pre-loaded” to the UE for possible later activation. 
· The activation and deactivation mechanisms (e.g., explicit vs. implicit activations as presented in [2]) are invisible to RRC layer. The mechanisms are not dealt with in this document, and they should be discussed after the RRC level operation has been agreed.
· The term “pre-loading” is used here instead of “pre-configuring”, because the latter term is already used in other contexts.
· In this example, the configuration of CC3 will never be used, because the UE remains out of the coverage of CC3. However, the main point is that the configuration is stored for possible use, which avoids the re-establishment. 

It should be noted that there are also several other scenarios where the condition, described in the beginning of this sub-section, may occur (e.g., “around-the-corner” cases). They are more probable, when the CCs of non-special cells are on much higher frequency bands than the special cells, and thus have smaller coverage. 

3.3 
Comparison between alternatives 
While the both alternatives solve the problem mentioned in the previous sub-section, there was another open issue earlier, between steps 14 and 15 of figure 3: 

· Alternative 1 does not solve the problem of the bearer that is configured and activated, but later disappeared. 

· In alternative 2, the non-availability of CC3 is not an issue; it only becomes inactive, but remains still configured. (Whether this happens explicitly or implicitly, ref. [2], and other details, are up to the discussions on the lower layer mechanisms.)

Regarding the changes to Rel-8 RRC mechanisms, the alternatives are quite different:

· Alternative 1 (partial configuration): 

· The partial configuration of alternative 1 would bring a major new functionality to RRC specification. 
· The partial reconfiguration would mean that the elements of RRCConnectionReconfiguration messages contain an indication, if the element is dependent on the successful configuration of another element. 
· For example, the message may contain measurement configuration, and configuration for a new CC. The measurement configuration, or parts of it, may be configured even though the CC could not be activated.
· An “extreme” variant of alternative 1 is the following: 

· UE rejects always the whole configuration (in situations similar to steps 12 and 13 of figure 4), without starting re-establishment. 

· This could be done with RRCConnectionReconfigurationComplete, containing indication that the whole configuration is rejected. 

· Effectively, the message would be “RRCConnectionReconfigurationFailure”, introducing a parallel reject mechanism into RRC specifications (in addition to the existing one of 36.331, section 5.3.5.5.). 
· Alternative 2 (pre-loading of configuration):

· At least in the basic CC configuration and removal, this alternative does not bring any changes to the current RRC procedures (but naturally, alternative 2 may introduce more changes on lower layers than layer 1).

· The system information of the CC, (when included in the configuration)  may change before the CC becomes available. Thus the indication on the SI change (in a Paging message) is not received on the CC. However, also this can be handled without changes in the RRC functionality of Rel-8, as shown in the contribution R2-096813 [5].

As consequence, alternative 2 is more preferred from RRC point of view.

One additional factor is the signalling overhead and delay between the alternatives. However, as mentioned in [4], these differences may not be significant. Anyway, alternative 2 (being similar to approach 2 of [2]) has advantage over alternative 1 (which is closer to approach 1 of [2]). Both alternatives allow some optimisation compared to the original approach of figure 3. Because this optimisation is not a major factor in the comparison, it is provided for reference in Annex A of this document.
Due to advantages of the alternative 2 over the alternative 1, the following is proposed:
Proposal: In order to avoid unnecessary re-establishment, pre-loading of CC configuration (using RRCConnectionReconfiguration) for later activation and deactivation by lower layers,  is allowed. Otherwise, the RRC connection reconfiguration procedures of Rel-8 are the working assumption for the addition and removal of CCs. 
5
Conclusion
The following is proposed to agree:

Proposal: In order to avoid unnecessary re-establishment, pre-loading of CC configuration (using RRCConnectionReconfiguration) for later activation and deactivation by lower layers,  is allowed. Otherwise, the RRC connection reconfiguration procedures of Rel-8 are the working assumption for the addition and removal of CCs. 
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Annex A: Optimisation of RRC signalling in alternatives of section 3.2 
This annex contains the example case of Figure 3, applying the alternatives 1 and 2 of section 3.2. 

Note: The original mechanism of Figure 3 (i.e., each CC is configured only after it has become available), is still possible, even though either of the alternatives 1 or 2 would be specified.
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Figure A.1: Optimised message sequence in alternative 1
Comparing to Figure 3, the additional configuration of CC2 can be left out. In general, the eNB can configure all CCs, and UE indicates in RRCConnectionReconfigurtionComplete, which CCs could not be activated. 
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Figure A.2: Optimised message sequence in alternative 2
There is only one RRCConnectionReconfiguration message in this case, i.e., reduction in RRC messages (of Figure 3) is significant. Whether the measured parameters in MeasurementReports are used in activation and deactivation of the CCs is invisible to RRC layer (to be discussed in context of lower layer operations, if needed). 

