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1
Introduction
During RAN2#73, some concerns were raised as to whether the RAN4-requested range of values for measurements of deactivated Scells was good enough for Rel’10. In [1], we present a brief overview of the RAN4 work up-to-date, and discuss the possible issues in this contribution.
2
Background & Summary of Previous Work
During 2010, RAN4 had a simulation study on measurements of deactivated Scells. A summary of the work done in RAN4 is presented in [1], but Table 1 below shows which features wre studied in which CA Scenario during the RAN4 work.

Table 1. PCell handovers, activation and deactivation combinations studied in RAN4

	CA Scenario
	PCell handovers?
	Activation
	Deactivation

	1
	No; Not seen as important from mobility point of view
	If UE has data in buffer, SCell would be activated (if possible);

 SCell was assumed to activateable at any time
	If UE had no data in buffer, SCell would be deactivated

	2
	No; CC1 assumed as PCell

Yes; Based on A3 comparison between PCell and SCell (see ([4])
	If UE has data in buffer, SCell would be activated (if possible);

If  A1 on SCell triggered, SCell could be activated
	If UE had no data in buffer, SCell would be deactivated 

If A2 on SCell triggered, SCell was deactivated

	3
	Yes; Based on A3 comparison between PCell and SCell
	If UE has data in buffer, SCell would be activated (if possible);

If  A1 on SCell triggered, SCell could be activated
	If UE had no data in buffer, SCell would be activated (if possible);

If A2 on SCell triggered, SCell was deactivated

	4
	Yes; Based on A3 comparison between PCell and SCell
	If UE has data in buffer, SCell would be activated (if possible);

If  A1 on SCell triggered, SCell could be activated
	If UE had no data in buffer, SCell would be activated (if possible);

If A2 on SCell triggered, SCell was deactivated

	5
	NOT SIMULATED


Figure 1 below shows how the activation and deactivation was considered in [2] for Scenario 2.
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Figure 1. Event A1/A2 thresholds for CC activation

3
Evaluation of Potential Problems in Each CA Scenario
Since RAN4 did not study all the cases, we consider whether there could be any problems related to the omissions. The CA scenarios [3] studied during Rel’10 are shown in Table 2 below.
Table 2: CA Deployment Scenarios (F2 > F1).

	#
	Description
	Example

	1
	F1 and F2 cells are co-located and overlaid, providing nearly the same coverage. Both layers provide sufficient coverage and mobility can be supported on both layers. Likely scenario when F1 and F2 are of the same band, e.g., 2 GHz, 800 MHz, etc. It is expected that aggregation is possible between overlaid F1 and F2 cells.
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	2
	F1 and F2 cells are co-located and overlaid, but F2 has smaller coverage due to larger path loss. Only F1 provides sufficient coverage and F2 is used to provide throughput. Mobility is performed based on F1 coverage. Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that aggregation is possible between overlaid F1 and F2 cells.
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	3
	F1 and F2 cells are co-located but F2 antennas are directed to the cell boundaries of F1 so that cell edge throughput is increased. F1 provides sufficient coverage but F2 potentially has holes, e.g., due to larger path loss. Mobility is based on F1 coverage. Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that F1 and F2 cells of the same eNB can be aggregated where coverage overlap.
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	4
	F1 provides macro coverage and on F2 Remote Radio Heads (RRHs) are used to provide throughput at hot spots. Mobility is performed based on F1 coverage. Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that F2 RRHs cells can be aggregated with the underlying F1 macro cells.
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	5
	Similar to scenario #2, but frequency selective repeaters are deployed so that coverage is extended for one of the carrier frequencies. It is expected that F1 and F2 cells of the same eNB can be aggregated where coverage overlap.
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3.1
CA Scenario 1
RAN4 did not spend much time studying this case: It was assumed that in intra-band case, the coverage of both CCs would be equal, so either CC could be used as PCell. Hence, we can always assume CC1 is the PCell.

1. Assume CC1 is PCell and CC2 is deactivated SCell. What are the possible problems?

a. eNB might order PCell change to the SCell when the SCell is not the best cell;This could only happen at cell edge,  and we assume that handover should take precedence over PCell change. The RAN2 and RAN4 assumption was always that mobility should be based on PCell, so the case when PCell should be changed is also the case when handover would typically happen.
The small measurement period would not likely help in this case: The eNB should already implicitly know the situation for the cell.
3.2
CA Scenario 2
In the RAN4 simulations, CC1 was always assumed to be the PCell, so it is possible that there could be issues with handovers when PCell is CC2. However, let’s consider the cases where PCell is on either CC:
1. Assume CC1 is PCell and CC2 is deactivated SCell. What are the possible problems?

a. eNB might think CC2 can be activated when it can’t; However, this would be noticed when the activation message is sent. 

b. eNB might order PCell change to the SCell when the SCell is not the best cell; Since CC2 coverage is less than the PCell, this could only happen at cell edge,  where the CC2 should anyway no longer be good enough to be activated.

2. Assume CC2 is PCell and CC1 is deactivated Scell. 

a. UE needs measurements to check when CC1 would become better (as it eventually will), i.e. to detect the coverage border for PCell. This is a similar case as already exists in Rel’8/9, where the PCell measurements should be sufficient.

b. There were some RAN4 simulations where PCell change was also used, but it turned out that almost no PCell changes happened  (since the A3 event should almost never trigger) 
Based on these, we think that the smaller measurement period would not help very much: It would only offer small optimization for activation purposes, and not address any mobility issues. Since the eNB is already in control of the activation, it could take into account and compensate for the issues discussed above.
3.3
CA Scenario 3
For Scenario 3, PCell handovers from CC1 to CC2 and vice versa were simulated. Since the coverage area of CC2 might not be the same as CC1, the potential problems should be apparent from the simulation results. Further, due to the way the antenna patterns of CC1 and CC2 are configured, it is possible that there could be successive PCell changes when UE moves directly according to largest gradient of an antenna pattern.
1. Assume CC1 is PCell and CC2 deactivated Scell.

Since the coverages of CC1 and CC2 overlap, and the main coverage areas (i.e. “cell center” areas) overlap only partially, Scell activation or PCell handover might be triggered incorrectly 

However, in the RAN4 simulations, both activation/deactivation and PCell change was simulated, and no mobility or activation problems were identified. 
Similarly as in Scenario 2, the smaller measurement period might allow for more optimized PCell change or activation, but this would be a small optimization only. There were no issues identified for PCell handovers or activation/deactivation in the RAN4 simulations.
3.4
CA Scenario 4
Not many simulations done – but in the case where simulations were done, no problems were identified. There was one contribution on the topic of measurments presented in RAN4#58 [5], but the document mainly considered the power differences between PCell and Scell in Scenario 4, and not any mobility issues stemming from the Scell measurement period.
· Similar issues as in Scenarios 2 & 3 combined: CC2 has smaller coverage, so if it is selected as PCell, UE measurements would need to be fast enough to detect the end of coverage, especially as the cell edge areas would be different for CC1 and CC2.
Since the possible issues for Scenario 4 seem similar as those in either Scenario 2 or Scenario 3, and in neither case no problems were identified and the smaller measurement period would only present a small optimization, we conclude there doesn’t seem to be a need for the smaller measurement period in this scenario, either.
3.4
CA Scenario 5
This scenario was not simulated at all in RAN4 – for one thing, the scenario was added only after the studies began, and it was seen that any possible problems would already be mirrored in Scenario 4. 
4
Conclusion
We have identified no obvious issues for mobility in any of the studied scenarios with the proposed minimum measurement period of 800 ms, i.e. 160 ms measurement cycle for deactivated SCells. While the smaller measurement periods might present some small optimization possibilities for activation purposes, even this has not been shown in any of the results to have significant effects. Therefore, we don’t see any need for smaller measurement cycles than the proposed 160 ms.
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