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1
Introduction

As part of the Rel-12 Study Item on HSPA Hetnet ([1]), RAN1 and RAN2 are tasked to study possible enhancements to Multiflow in hetnet scenarios, including range expansion techniques, e.g. to offload more traffic from macro to pico cells (or LPNs). 
Based on RAN1#72bis discussions and agreements, RAN1 produced an updated TR ([2], [3]) including, among other range expansion aspects, a description of the relevant multi-carrier multiflow scenarios, as summarized in the table below.

Table 1: Multicarrier Scenarios and the associated Multiflow configurations

	Scenario
	Macro cell
	LPN (Low-Power Node)
	Multiflow configuration

	1
	F1+F2
	F2
	SF-DC,
DF-DC
DF-3C

	2
	F1+F2
	F1+F2
	SF-DC,
DF-DC,
DF-3C,
DF-4C


A short description of the DF-DC operation (new Multiflow configuration, not part of Rel-11) is included in the TR [2], and copied in the Annex (below). 

This paper proposes some mobility enhancements in Hetnet multi-carrier multiflow scenarios, focusing on the case of range expansion via macro cell power reduction and DF-DC (though optimizations may apply to other scenarios as well). Proposals included in this paper were part of past RAN2 submissions (e.g. [4]).
2
Discussion 

2.1 Multi-carrier range expansion scenario

This paper addresses issues and solution for the following multi-carrier scenario:
- Two frequency carriers deployed for both macro cells and pico cells (low power nodes). Similar considerations can apply (and be generalized) to deployments with more than two frequency carriers.
- Power range expansion is applied on one carrier, i.e. macro cell transmit power is reduced from 43dBm 
Fig.1 provides a schematic representation of the above scenario, where pico power is 30 dBm, macro power is 43dBm before range expansion and 30dBm after range expansion.
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Fig.1. Multicarrier Range Expansion Scenario

Equal macro and pico Tx power on F2 means that DL coverage boundary of F2 aligns with UL coverage boundary (the blue line, being at equal distance between macro and pico antennas). On F1, instead, the DL macro coverage boundary is closer to the pico (the green line). 
While DC-HSDPA operation would be a sufficiently good when UE is close to a macro or a pico cell, in the region between the DL boundaries, i.e., between the blue line and the green line in Fig.1, it would be preferable and more convenient to be served by Macro F1 and Pico F2 (best DL coverage), which requires a new type of multiflow configuration/operation, known as DF-DC (Dual Frequency-Dual Cell). 
2.1 Mobility enhancements

As mentioned in [2], to address potential UL control channel issues during DF-DC inter-NodeB operation, due to the lack of UL power control for the assisting NodeB, it is beneficial to assume that DF-DC operation relies on Soft Handover (SHO) on the anchor carrier. Such mode of operation is shown in the Figure 2, where
· the primary/anchor carrier is F1, and UL is transmitted on F1’;

· both inter-NodeB cells decode data and HS-DPCCH on UL F1’;

· NodeB1 operation is similar as other MF-HSDPA configurations (e.g. SF-DC or DF-3C);
· NodeB2 operation is such that it sends F-DPCH (DL TPC commands) on the SHO link (DL F1) without DL HS-PDSCH, or in other words the UE receives F-DPCH on DL F1 but HS-PDSCH from DL F2 only.
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Fig.2 Inter-NodeB DF-DC with anchor-carrier cells in SHO
In the Hetnet scenario described in Fig.1, it would be efficient to transition from DC to DF-DC as soon as the quality of the secondary carrier cell from the neighbor NodeB becomes good enough, for example when it becomes better than current secondary cell. In this regard it would be desirable that the UE could notify the RNC when certain measurement events (e.g. change of best cell, pilot entering/leaving an ASET reporting range) happen on the secondary carrier, similarly to what is defined for DC-HSUPA (specifically, events 1a, 1b and 1c on the secondary carrier can be reported when DC-HSUPA is configured).

The following figure shows one advantage of using such event reporting on the secondary carrier, compared to legacy event reporting (allowed only on the anchor carrier), for the Hetnet scenario shown in Fig.1.
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Fig.3 Enhanced event reporting for Hetnet DF-DC.
As illustrated above, let us assume a UE moves from macro to pico, starting in DC mode, with F1 as the anchor carrier.
If we rely on the existing mobility mechanism applied to the anchor carrier, DF-DC could be triggered by event 1a. 
The triggering process is not efficient though: in the specific case above, an event 1a will not be triggered until UE enters the SHO region near the DL boundary of F1. At that point, the UE can be switched to DF-DC by RNC blindly, or after an MCM instructing the UE to perform an inter-frequency measurement (e.g. using compressed mode). 
By adding new event triggering functionalities, e.g. event 1d reporting (best cell change) on the secondary carrier, the RNC could reconfigure the UE from DC to DF-DC much earlier than waiting for an event 1a on the primary carrier (as with legacy mobility). As such, it will increase the performance gains of DF-DC (see extended DF-DC region highlighted by the blue box in Fig.3). Note that when receiving an event 1d on F2, the RNC would perform both anchor carrier switch (from F1 to F2) and DF-DC reconfiguration, so that both cells on the anchor carrier (F2) can be in SHO (it would not be possible on F1), fulfilling the requirement as per proposal 2.

To efficiently exploit the described benefits of independent event reporting on the secondary carrier (i.e. not triggered by events on the anchor carrier), it is important to minimize or avoid performance issues due to periodic or long inter-frequency compressed mode gaps. Compressed mode would be typically needed by the UE to perform inter-frequency measurements unless the UE uses a dual searcher, which is functionality introduced from Rel-8 (for DC-HSDPA). 

To conclude, from a DF-DC performance point of view, it is recommended to use both dual searcher and independent event reporting on the secondary carrier, re-using features mostly already defined in the specs (except for event 1d reporting on the secondary carrier). Note that those two enhanced mobility functionalities are not only useful for DF-DC, but also for DF-3C and DF-4C scenarios , e.g. when load (or pilot Ec/No) of anchor and secondary carriers differ, as described in [5].

3
Summary and Conclusion

In conclusion, the following is proposed for RAN2 consideration, and decision. 
Proposal 1 - As part of the study on Mobility enhancements for Multiflow with Range expansion in Hetnet multi-carrier scenarios, RAN2 should study DF-DC enhanced mobility functionalities, e.g. UE dual searcher and independent event reporting on the secondary carrier.
Proposal 2 – It is proposed to capture the above description of mobility issues and optimizations in the SI TR.
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Annex 
(from TR 25.800 v0.2.0, sec. 7.2.2.3)
Dual-Frequency Dual-Cell (DF-DC) operation

In the DF-DC Multiflow configuration, the UE receives data from two nodes (Macro or LPNs) simultaneously on two difference frequencies. This is illustrated in Figure 12.
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Figure 12: Dual-Frequency Dual-Cell 
In the figure, it is seen that the UE receives data on frequencies F1 and F2 from different cells. The cells could be Macro cells or LPNs. Both cells receive HARQ-ACK and CQI information on the HS-DPCCH channel from the UE transmitted on a single UL carrier that corresponds to the serving HS-DSCH cell. 

If the serving cell corresponds to F1, then it is essential that the UE is in soft handover between the two cells on that carrier. The uplink would therefore be power controlled by both the nodes by transmitting F-DPCH on F1 as in legacy operation. Data transmission for the non-serving cell would occur on F2, similar to Rel-8 DC operation.

It is important to note that when compared to Single-Frequency Dual-Cell (SF-DC) operation, there is no requirement for UE interference rejection as DF-DC operates on two different frequencies, therefore, DF-DC operations are feasible for single receive antenna UEs as well.
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