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Discussion and Decision 
1 Introduction
In CA scenarios, two or more CCs are aggregated in order to support a wide transmission bandwidth up to 100MHz. A UE may simultaneously receive or transmit on one or multiple CCs depending on its capabilities [1]. The CC that provides NAS mobility info and the security input to UE is referred to as PCell whereas the other CCs are referred to as SCell.  
 Generally speaking, the mobility decisions are made mainly depending on the metrics related to PCell. That is, handover and re-establishment is performed when PCell becomes offset worse than neighbor or PCell experiences RLF respectively. 
Compared to the PCell, the SCell is mainly used to increase user throughput. The reconfiguration, addition and removal of SCells can be performed by RRC. To enable reasonable UE battery consumption, the SCells can be dynamically activated / deactivated according to UE’s throughput requirements. 
According to R2-110172 and R2-114099, the trigger for the PCell change and SCell addition are Event A3 and A4 respectively. When the signal of a neighbour cell becomes better than a threshold, Event A4 is triggered. On the contrary, when the signal of a serving cell becomes worse than a threshold, Event A2 is triggered. Accordingly, Event A2 may be used for SCell release.

In R10, it is assumed that the co-channel time domain ICIC only applies to PCell. And due to the lack of time, the inter-freq measurement with resource restriction for time domain ICIC is also not supported. In R11, a new WI “Further Enhanced Non CA-based ICIC for LTE” was approved to continue the specification work initiated in R10 to further enhance ICIC. One of the objectives is “Finalizing the leftover work from R10 on inter-freq/RAT TDM restricted RRM”. Although the previous discussion in RAN2 implies there is not much work to do for inter-frequency eICIC, in RAN2 77bis, the following agreement was observed, “Can think further whether measurement restrictions on SCells need to be supported.” Since in CA the PCell is on different frequency than SCell, the inter-freq TDM restricted RRM is also relevant for SCell. In this paper, we first analyze the necessity of applying TDM restricted RRM on SCell, then discuss the pros and cons for supporting the measurement restriction for SCell, and finally present the potential modifications to the specification
2 Discussion
2.1 Measurement Restriction on SCell
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Fig. 1 The co-existence scenario of CA capable Pico and eICIC mechanism
As shown in Fig. 1, UE1 and UE2 support two carriers on two different frequencies, f1 and f2. UE1’s PCell is on f1. On the f1 frequency layer, the Pico cell is under the coverage of Macro. In order to support CRE of pico cell on f1, the macro is configured with an ABS pattern. Accordingly, the pico cell on f1 can schedule the victim pico UE1 on these ABSs, where Pico cell with f1 is the Pcell for UE1.  
On the other hand, we assume UE2’s PCell is on f2(no matter it is an Macro or Pico). When UE2 is in the center of the Pico, the RSRP/RSRQ on f1 is good and f1 Pico would become Scell. According to current specification, there is no measurement restriction on SCell even there is ABS pattern on the SCell.

In details, there are basically two measurements for UE2 on SCell. One is L1 measurement (e.g. CSI measurement for link adaption). And, the other one is RRM measurement (e.g. RSRP/RSRQ but not for RLM), which is driven by mobility purpose or carrier aggregation purpose.

For CSI measurement, if no restriction is considered for ABS pattern on SCell, when UE2 is at the edge of the Pico, the link adaption will be poor due to the interference from Macro cell. Accordingly, the SCell throughput will be quite low even if the SCell service could be still remained.
For RRM measurement, if UE2 moves towards to the edge of the Pico, due to the interference from Macro and no measurement restriction is set, the UE may not enjoy the SCell service anymore and f1 may be removed from SCell set. 
In addition, if eNB can realize the deployment scenario, the eNB can ignore the poor RSRQ measurement for aggregation purpose and SCell could be released. However, another possible case is that the eNB would ignore the poor RSRQ measurement for mobility issue and UE2 would perform PCell handover to the macro cell on f1. Therefore Macro on f1 becomes PCell after the handover. Subsequently, with eICIC mechanism on f1, UE2 may find Pico on f1 is suitable for Pcell and handover to the pico cell again. The measurement restriction on SCell will help to avoid that kind of redundant operations.
Based on the aforementioned analysis, we understand that a TDM restricted measurement should be supported. In this way, the eNB can properly configure the SCells to UE and correspondingly UE can fully utilize the available bandwidth on SCell to achieve a high throughput and simplify the operations. 
Observation 1: the measurement restriction for SCell should be supported.
2.2 Potential Impact to Specification
For CSI measurement, in R10, two subframe subsets are defined subject to different levels of interference. Following observation 1, SCell should have a similar procedure as that in PCell [1] with “for periodic CSI reports, linkage of each CSI report to a configured subset of subframe is 

defined in TS 36.331” and  “for aperiodic CSI reports, the UE reports CSI based on the subframe subset containing the CSI reference resource.”
Proposal 1: Two subframe subsets for CSI measurement need to be defined for SCell as that for PCell.

For RRM measurement, in R10, TDM restricted measurements are defined for the PCell and intra-freq neighbour cells. For example, the RRM/RLM TDM restricted pattern for the PCell is defined through the RRCConnectionReconfiguration -> RadioResourceConfigDedicated -> measSubframePatternPCell-r10 IE. For the intra-freq neighbour cells, the TDM restricted pattern is defined through the RRCConnectionReconfiguration -> MeasConfig- > measObjectToAddModList -> MeasObjectEUTRA ->  measSubframePatternConfig-Neigh-r10 IE.
     As far as we can see, a new IE for the RRM TDM restricted pattern for the SCell needs to be defined since SCell is a serving cell. In details, the format of the new IE could be the same as the measSubframePatternConfig-Neigh-r10 IE but the name should be different. In addition, the new IE should be added to the RRCConnectionReconfiguration message. Finally, since RAN2 77bis already agreed with no RLM on SCell, the new measurement pattern IE should be used only for SCell RRM measurement.  
Proposal 2: A new measurement pattern configuration IE will be needed if SCell restricted RRM measurement is supported.
In summary, the impact of SCell measurement to the specification is limited.
3 Conclusion & Proposal
Based on the analysis above, we have a proposal as follows.

Proposal 1: Two subframe subsets for CSI measurement need to be defined for SCell as that for PCell.
Proposal 2: A new measurement pattern configuration IE will be needed if SCell restricted RRM measurement is supported.
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5 Appendix
5.1 Measurement report trigger 
· Event A2 (Serving becomes worse than threshold)
The UE shall:

1>
consider the entering condition for this event to be satisfied when condition A2-1, as specified below, is fulfilled;

1>
consider the leaving condition for this event to be satisfied when condition A2-2, as specified below, is fulfilled;

1>
for this measurement, consider the primary or secondary cell that is configured on the frequency indicated in the associated measObjectEUTRA to be the serving cell;

Inequality A2-1 (Entering condition): 
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Inequality A2-2 (Leaving condition): 
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· Event A3 (Neighbour becomes offset better than PCell)
The UE shall:

1>
consider the entering condition for this event to be satisfied when condition A3-1, as specified below, is fulfilled;

1>
consider the leaving condition for this event to be satisfied when condition A3-2, as specified below, is fulfilled;

Inequality A3-1 (Entering condition): 
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Inequality A3-2 (Leaving condition): 
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· Event A4 (Neighbour becomes better than threshold)
The UE shall:

1>
consider the entering condition for this event to be satisfied when condition A4-1, as specified below, is fulfilled;

1>
consider the leaving condition for this event to be satisfied when condition A4-2, as specified below, is fulfilled;

Inequality A4-1 (Entering condition): 
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Inequality A4-2 (Leaving condition): 
[image: image7.wmf]Thresh

Hys

Ocn

Ofn

Mn

<

+

+

+


1
1

_1396684321.unknown

_1396684324.unknown

_1396684326.unknown

_1397975955.vsd
�

�

f1


Macro



_1396684325.unknown

_1396684323.unknown

_1396684320.unknown

