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1. Introduction
At the last RAN2 meeting, it was agreed to address the inter-frequency handover issues in case of a UE initiating a CS call, while operating in a Lean Carrier (e.g. increased handovers, latency, and reliability). 
In addition, for a legacy UE not supporting DC-HSUPA operation, there will be more inter-frequency handover due to limited coverage of the Lean Carrier.
In this paper, we present discussions on the two topics and possible impacts are analyzed.
In addition, at the last RAN1#74 meeting, there were some discussions on Lean Carrier operation including mobility aspects and finally a TP was agreed in [1]. In our opinion, some aspects should be discussed in RAN2 because RAN2 is responsible for mobility, so in this paper we also provide our analysis and opinions regarding this topic.
2. Discussion
2.1. Impacts on inter-frequency handover
As described in [2], Lean Carrier are characterised by the absence of CS services (Lean Carrier is thus a data only carrier), random access, SRBs, SI and only support 2ms PS data.
For a legacy UE not supporting DC-HSUPA operation, it will perform random access, voice services, E-DCH TTI switching and non CELL_DCH activities on legacy carrier, and on Lean Carrier it will perform data transmission in order to achieve higher data rate. So inter-frequency handover between legacy carrier and Lean Carrier may happen frequently.
Basically we see two scenarios regarding IFHO issue for Lean Carrier operation.
Scenario 1: IFHO due to CS call

In [3], we had already provided analysis on the IFHO for a legacy UE when CS service is initiated.
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Figure 1: The example of legacy UE IFHO when voice service are initiated

When a legacy UE initiates CS call, the network will move the UE to legacy carrier. Two drawbacks are observed:

(1) Additional delay will be introduced due to IFHO so that user experience is impacted
(2) Currently it is seen that there is higher handover failure rate for IFHO than Intra-frequency soft handover, and thus reliability is a risk in this case so that more call drops will happen
Scenario 2: IFHO due to coverage of Lean Carrier
For Lean Carrier operation, there will be at least a legacy carrier in order for a continuous coverage, e.g. to guarantee CS service experience, and the Lean Carrier is used for high uplink data transmission rate by configuring only E-DCH 2ms TTI.
Here we provide figure 2 to show the IFHO issues due to coverage of Lean Carrier. In this figure, there are Cell 1 and Cell 2 on legacy carrier (f1), and Cell 3 and Cell 4 on Lean Carrier (f2). It is seen that both Cell 3 and Cell 4 have smaller coverage than the cells on legacy carrier because of E-DCH 2ms TTI utilizations.
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Figure 2: Coverage comparison between the cells on Lean Carrier and legacy carrier
In figure 2, assumed that the UE accesses in Cell 3 and stays in position A, and then the UE is moving toward Cell 4. In this procedure, two use cases are discussed:
(1) If there is no SHO on Lean Carrier
In this case, the UE has to perform IFHO from Lean Carrier to legacy carrier in order to avoid out of coverage.
(2) If there is SHO on Lean Carrier
On Lean Carrier, only HS-DSCH and E-DCH are configured so that SRB over HSPA is used. Due to small coverage of Cell 3, there may be uplink signalling transmission failure for SHO procedures, e.g. the network try to send Active Set Update message to the UE in position B but the uplink message may not reach to the network. For this case, the UE may trigger a RLC unrecoverable error and then it moves into CELL_FACH to try radio link reestablishment, but additional delay is introduced and call drop may also happen.

In order to solve this issue, the network may have to perform IFHO for the UE, but there is still a similar issue on uplink signalling transmission, e.g. handover command complete message may fail at the UE side. In addition, inter-frequency measurement event may not be triggered because the current frequency (f2) is not so bad.
For both scenarios, one significant drawback is that more IFHO will be introduced so that signalling impacts need to be studied.
Proposed 1: To study the issue of signalling impacts due to Lean Carrier operation, i.e. increased handovers.
Proposed 2: To study the issue of latency due to Lean Carrier operation, i.e. additional delay will be introduced due to IFHO in case that a CS call is initiated.
Proposed 3: To study the issue of reliability due to Lean Carrier operation, i.e. there is higher handover failure rate for IFHO in case that a CS call is initiated.
2.2. Discussion on Mobility aspects for Lean Carrier operation
In the agreed TP [3], there are the following descriptions regarding mobility solutions for Lean Carrier operation:
5.4.5.2
Solutions

It proposed that no mobility measurements are performed on the Lean carrier. Mobility can still be maintained using the primary carrier and secondary active sets and serving cells can be maintained by mirroring those on the primary carrier. The primary option is that only the serving cell is kept on the secondary carrier. One other alternative could be that when the UE is transmitting on the secondary carrier the network has the option to instruct the UE to listen, or not to listen, to non-serving cells for RGs and TPC commands. 

Based on the above description, there are basically two scenarios:
(1) SHO operation on the Lean Carrier is not considered
In this case, obviously there is no need to have mobility measurements and active set update procedures on the Lean Carrier. In addition, only the secondary serving cell is kept on the Lean Carrier.
However, as discussed in [4], independent active sets, one per carrier were discussed. In that paper, by independent active sets that non-serving cells in the active set of the primary carrier and the active set of the secondary carrier are independently added and removed, so it may be beneficial in order to achieve interference control in the network for some scenarios. Finally it was agreed in RAN2#67 that the active sets on both carriers are independent and the intra-frequency events (except event 1D) are independently triggered on each carrier.
If there is no SHO operation on the Lean Carrier, a straightforward idea is that the network has to be implemented in order for interference control.
Proposal 4: If SHO operation on the Lean Carrier is not considered, there is no need to have mobility measurements and active set update procedures on the Lean Carrier, and only the secondary serving cell is kept on the Lean Carrier or the Secondary Carrier.
(2) SHO operation on the Lean Carrier is considered
In Rel-9 DC-HSUPA operation, intra-frequency events 1A, 1B, 1C, 1E, 1F are supported on the Secondary Uplink Frequency, and mobility events are configured and triggered independently per Configured Uplink Frequency. The reasons and historical discussions are mentioned above.
In our opinion, we could re-use the existing measurements for DC-HSUPA on the Lean Carrier, and there will not no spec impacts.
Proposal 5a: If SHO operation on the Lean Carrier is considered, one option is that the existing measurements for DC-HSUPA operation could be re-used on the Lean Carrier.
One other option is that no mobility measurements are performed on the Lean Carrier, and instead it could be considered to use the active set on the primary carrier in order to maintain the active set on the Lean Carrier. For this option, it may avoid the measurement reporting on the secondary carrier, but as discussed for DC-HSUPA measurements, it may bring some troubles for interference control on the secondary carrier because the radio conditions may not be exactly the same on both carriers.
In order to illustrate our concerns, we provide three scenarios:
Scenario 1

In figure 3, both Cell 1 and Cell 3 (under Node B - 1) are DC-HSUPA capable, and Cell 2 and Cell 4 (under Node B - 2) are DC-HSUPA capable. It is noted that the coverage of Cell 3 and Cell 4 is for E-DCH 2ms TTI. In this scenario, initially the UE is configured with Cell 1 as the serving cell and Cell 3 as the secondary serving cell for Lean Carrier operation.
When the UE moves toward Node B – 2, Cell 2 may be triggered to be added into the active set on the Primary Carrier, and then the network could decide to add Cell 4 into the active set on the Lean Carrier. In addition, if later the UE moves back to Node B – 1, Cell 2 may be removed from the active set on the Primary Carrier so that Cell 4 is also required to be removed from the active set on the Lean Carrier.
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Figure 3: The UE moves to an area where there is a neighbour cell on the Lean Carrier and there is a “mirroring” cell on the Primary Carrier
Scenario 2
In figure 4, both Cell 1 and Cell 3 (under Node B - 1) are DC-HSUPA capable, and Cell 4 (under Node B - 2) is a neighbour cell to Cell 3 on the Lean Carrier. It is noted that the coverage of Cell 4 is for E-DCH 2ms TTI. In this scenario, initially the UE is configured with Cell 1 as the serving cell and Cell 3 as the secondary serving cell for Lean Carrier operation.

When the UE moves toward Node B – 2, there will be no cells to be added into the active set on the Primary Carrier (compared to Scenario 1), and then it is not possible for the network to add Cell 4 into the active set on the Lean Carrier.
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Figure 4: The UE moves to an area where there is a neighbour cell on the Lean Carrier but there is not a “mirroring” cell on the Primary Carrier
Another scenario is that there may be a cell that needs to be added into the active set on the Lean Carrier, but it is impossible because the “mirroring” cell on the Primary Carrier may not be added into the Primary Carrier. From our point of view, this scenario is valid because actually the radio conditions are independent on both carriers. As a result, there is no way to control interference and thus network capacity is compromised.
Scenario 3
In figure 5, both Cell 1 and Cell 3 (under Node B - 1) are DC-HSUPA capable, and Cell 2 (under Node B - 2) is a neighbour cell to Cell 1 on the Primary Carrier. It is noted that the coverage of Cell 3 is for E-DCH 2ms TTI. In this scenario, initially the UE is configured with Cell 1 as the serving cell and Cell 3 as the secondary serving cell for Lean Carrier operation.

When the UE moves toward Node B – 2, Cell 2 may be triggered to be added into the active set on the Primary Carrier, but the active set on the Lean Carrier will not be impacted because there is not a “mirroring” cell on the Lean Carrier.
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Figure 5: The UE moves to an area where there is a neighbour cell on the Lean Carrier but there is not a “mirroring” cell on the Primary Carrier

Based on the above analysis, we have the following conclusions:
· One other option is to consider using the active set on the primary carrier in order to maintain the active set on the Lean Carrier
· When there is a new cell to be added into the active set on the Primary Carrier, if there is a cell on the Lean Carrier and both cells are capable of DC-HSUPA operation, the network could add the cell on the Lean Carrier into the active set on the Lean Carrier in order for SHO operation
· When there is a cell to be removed from the active set on the Primary Carrier, if there is a cell on the Lean Carrier and both cells are capable of DC-HSUPA operation, the network could remove the cell on the Lean Carrier from the active set on the Lean Carrier

Proposal 5b: If SHO operation on the Lean Carrier is considered, one other option is to consider using the active set on the primary carrier, and the following two rules should be considered:
· When there is a new cell to be added into the active set on the Primary Carrier, if there is a cell on the Lean Carrier and both cells are capable of DC-HSUPA operation, the network could add the cell on the Lean Carrier into the active set on the Lean Carrier in order for SHO operation

· When there is a cell to be removed from the active set on the Primary Carrier, if there is a cell on the Lean Carrier and both cells are capable of DC-HSUPA operation, the network could remove the cell on the Lean Carrier from the active set on the Lean Carrier

3. Conclusion
In this paper, we provide some analysis on the mobility aspects for Lean Carrier operation, and so far we see there are lots of mobility issues so that user experience for legacy users will be impacted. It is proposed RAN2 to study the following issues:
Proposed 1: To study the issue of signalling impacts due to Lean Carrier operation, i.e. increased handovers.

Proposed 2: To study the issue of latency due to Lean Carrier operation, i.e. additional delay will be introduced due to IFHO in case that a CS call is initiated.
Proposed 3: To study the issue of reliability due to Lean Carrier operation, i.e. there is higher handover failure rate for IFHO in case that a CS call is initiated.

Proposal 4: If SHO operation on the Lean Carrier is not considered, there is no need to have mobility measurements and active set update procedures on the Lean Carrier, and only the secondary serving cell is kept on the Lean Carrier.

Proposal 5a: If SHO operation on the Lean Carrier is considered, one option is that the existing measurements for DC-HSUPA operation could be re-used on the Lean Carrier.
Proposal 5b: If SHO operation on the Lean Carrier is considered, one other option is to consider using the active set on the primary carrier, and the following two rules should be considered:

· When there is a new cell to be added into the active set on the Primary Carrier, if there is a cell on the Lean Carrier and both cells are capable of DC-HSUPA operation, the network could add the cell on the Lean Carrier into the active set on the Lean Carrier in order for SHO operation

· When there is a cell to be removed from the active set on the Primary Carrier, if there is a cell on the Lean Carrier and both cells are capable of DC-HSUPA operation, the network could remove the cell on the Lean Carrier from the active set on the Lean Carrier

In Annex, a text proposal for TR 25.700 is also attached related to the proposals 4, 5a and 5b.
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5. Annex
Text proposal start
5.4.5      Mobility

5.4.5.1
Analysis 
In Rel-9 DC-HSUPA mobility the UE performs mobility measurements even when the secondary carrier is deactivated. 

5.4.5.2
Solutions

If SHO operation on the Lean Carrier is not considered, there is no need to have mobility measurements and active set update procedures on the Lean Carrier, and only the secondary serving cell is kept on the Lean Carrier.
If SHO operation on the Lean Carrier is considered, one option is that the existing measurements for DC-HSUPA operation could be re-used on the Lean Carrier. One other option is to consider using the active set on the primary carrier, and the following two rules should be considered:

-
When there is a new cell to be added into the active set on the Primary Carrier, if there is a cell on the Lean Carrier and both cells are capable of DC-HSUPA operation, the network could add the cell on the Lean Carrier into the active set on the Lean Carrier in order for SHO operation

-
When there is a cell to be removed from the active set on the Primary Carrier, if there is a cell on the Lean Carrier and both cells are capable of DC-HSUPA operation, the network could remove the cell on the Lean Carrier from the active set on the Lean Carrier
In addition, when the UE is transmitting on the secondary carrier the network has the option to instruct the UE to listen, or not to listen, to non-serving cells for RGs and TPC commands. 
Text proposal end
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