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Discussion and decision
1.  Introduction
As previously agreed in RAN2, the PCC can be changed by using the handover procedure (with security key change), as this is anyway needed for inter-eNB handover. Whether any optimised procedure is needed for intra-eNB change of PCC is currently FFS. Moreover, whether measurement enhancements like new event triggers are needed or not is also in hard debate. This paper studies issues related to CC management for efficient CA operation.
2. Discussion
2.1
PCC management

PCC management is one of the most important aspects of CC management. From the previous discussion in RAN2, the need for optimised procedures and measurement enhancements seems to mostly depend on the PCC management policy. For example, two policies can be considered:
Policy 1
PCC is always kept on the best CC

Policy 2
PCC is kept on the designated CC chosen by the eNB

A simple and viable policy would be to always keep the PCC on the best CC (Policy 1). This is easy to understand and has some benefits like in terms of PDCCH/ PUCCH efficiency and RLF probability. If this approach is taken, measurement enhancement such as “A3-Best” will not be needed, since mobility measurements can be based on PCC measurements. A question is how frequent would PCC change occur in practice, if this approach is taken. For example, in “scenario #3” [1] type of deployment, change of PCC can potentially be more frequent than handovers in Rel-8. This could motivate to define optimised procedures for changing the PCC within intra-eNB, as to avoid L2 resetting.
However, this “best CC” policy may lead to certain CC being favoured by majority of UEs, leading to unbalanced PCC loading. For example, a CC on 800 MHz would be favoured than a CC on 2 GHz, leading to the 800 MHz CC being overloaded. This can be mitigated to some extent by applying frequency specific offsets. However, setting of such parameters can be difficult in practice. From load balancing perspective, keeping the PCC on a certain CC might be rather preferable. For example, the eNB can decide the PCC for the UE, based on the current PCC loading. Then, keeping the PCC on the designated CC would be desirable (Policy 2).
In fact, the appropriate policy seems to depend on the deployment scenario, as summarised in Table 1. Note that in Table 1, CC1 refers to the blue layer and CC2 refers to the pink layer in the corresponding figures.

Table 1  PCC management policy for different deployment scenarios.
	#
	Scenario
	PCC management policy

	1
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	In this scenario, the load balancing aspect is more important. It would be desirable to keep the PCC on the designated CC chosen by the eNB per UE. Both CCs would likely have the same capacity allocated for PDCCH and PUCCH. The “best CC” policy is not so relevant and inter-frequency PCC change is likely not needed.

	2
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	In this scenario, keeping the PCC on CC1 (coverage layer) is preferable. Even if the “best CC” principle is applied, most UEs will anyway select CC1. Hence, PUCCH resources may be concentrated on CC1. Inter-frequency PCC change is likely not needed.

	3
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	In this scenario, if the two CCs operate on nearly the same carrier frequency, the “best CC” principle can be a good option. In this case inter-frequency PCC change can take place. However, if the carrier frequencies are far apart, then keeping the PCC on CC1 (coverage layer) is preferable.

	4
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	In this scenario, moving the PCC to the RRH cell (CC2) might be desirable, if the network knows that the UE is well within the RRH coverage and the UE is rather static. The “best CC” policy can be used for this purpose, with appropriate parameters so that only slow moving UEs would trigger MR on CC2. (It should be noted that RRC procedures are anyway needed to add/ remove CC2.) For fast moving UEs or UEs outside the RRH cell, the PCC should be kept on CC1.


From Table 1, the cases where the “best CC” policy seems to be applicable are:
· Scenario 3, when two CCs operate on nearly the same carrier frequency; and

· Scenario 4, when the UE is well within the RRH cell and the UE is rather static.

Hence, the cases where the “best CC” policy would be applicable seem to be rather limited (but this of course depends on what type of deployment is widely expected). As such, it is difficult to immediately conclude that the number of measurement reports (MRs) or PCC change would increase because of applying the “best CC” policy.
For other scenarios, keeping the PCC on a certain CC seems to be more desirable. In these cases, intra-frequency comparison of cells on each CC would be more important.
Therefore, it seems difficult to motivate optimised procedures for PCC change. Using the handover procedure (with security key change) is in any case the simplest. Hence, unless the frequency of PCC change is proven to be considerably high, no optimised procedure should be introduced in Rel-10.
Proposal 1
The handover procedure (with security key change) should always be used to change PCC (except upon re-establishment). No optimised procedure should be introduced in Rel-10, unless sufficient justification is made.
2.2
SCC management

For SCC addition/ removal, two approaches can be considered:

Policy A
To use event A3 (offset1 < 0) and another A3 (offset2 < offset1) for addition and removal, respectively, where the “serving cell” corresponds to the PCC;
Policy B
To use event A4 and A2 for addition and removal, respectively;

The appropriate policy seems to depend e.g., on the scheduler algorithm. For example, if joint CC scheduling is applied, the scheduler will likely select the CC with a higher CQI, which tend to be the same for a particular UE if the CCs are widely apart in quality. Then, some “relative comparison” based SCC addition/ removal may be desirable, e.g., Policy 1. In contrast, if per CC scheduling is applied with a PF policy within each CC, the configured CCs would likely have the same rate of resource allocation (neglecting load difference between CCs). With such scheduler implementation, Policy 2 seems more suitable.

Another aspect to consider is CC management at irregular places, e.g., region borders where one of the CCs is discontinued. In such case, replacing the discontinued SCC to another CC would be desirable. In these places, the operator will likely wish to specify the CC to be replaced, rather than using e.g., “A3-Worst” type of evaluation.
Furthermore, the UE capability aspect also needs to be considered. For a UE, only a certain SCC may be able to be replaced to a certain new CC, which has not been configured. Also in this case, cross CC comparison is desirable between two particular CCs, instead of using “A3-Worst” type of evaluation.

From the above observation, the need for cross CC comparison between two particular CCs (i.e., “A3-Configurable”) seems justifiable. The “serving cell” should be configurable from the configured CC set.
Proposal 2
Event “A3-Configurable” should be supported.
Other new event triggers like “A3-Best” and “A3-Worst” seem unnecessary, as their usage is unclear.
3. Conclusions
As discussed above, the appropriate policy for CC management seems to depend on a number of factors, e.g., deployment scenario and scheduler algorithm. Nevertheless, the following conclusions can be drawn:
Proposal 1
The handover procedure (with security key change) should always be used to change PCC (except upon re-establishment). No optimised procedure should be introduced in Rel-10, unless sufficient justification is made.
Proposal 2
Event “A3-Configurable” should be supported.
Further study is necessary with regards to aspects not addressed in this paper, e.g., inter-RAT mobility, to determine whether other enhancements are sensible.
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