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1. Introduction

In the SID for Heterogeneous Networks [1], one of the topics to investigate is range expansion (RE) techniques with multi-flow (MF). This contribution discusses RE with MF techniques in both single and multi-carrier scenarios. Initial analysis is given to understand the potential gains of MF techniques in each scenario.
2. Discussion
2.1 Possible multi-flow configurations
Multi-flow feature was introduced in Rel-11, and there are SFDC (Single Frequency Dual Cell), DF3C (Dual Frequency Three Cell) and DF4C (Dual Frequency Four Cell) configurations defined for MF operation. The following table summarizes the application of MF configurations to 3 typical HetNet deployment scenarios. It is noted that DFDC (Dual Frequency Dual Cell) configuration was not agreed within the scope of Rel-11 Multi-flow, however we include DFDC in the discussion in this paper.  
Table 1: Multi-flow configurations in HetNet scenarios

	Scenario
	Macro cell
	LPN (Low-Power Node)
	Multi-flow configuration

	1
	F1
	F1
	SFDC

	2
	F1+F2
	F2
	SFDC,
DFDC,
DF3C

	3
	F1+F2
	F1+F2
	SFDC,
DFDC,
DF3C,
DF4C


2.2 Scenario 1: Single carrier scenario
Figure 1 illustrates the single carrier scenario. Two RE techniques can be applied to this scenario to offload more Macro UEs to the LPN: parameter optimization and RRS (Restricted Resource Subframe) [2].
2.2.1 Parameter optimization with SFDC

For parameter optimization, the network is able to utilize the CIO (Cell Individual Offset) for measurement event 1D so that the coverage of LPN is expanded. Meanwhile, the parameter for SHO (Soft Handover) region of Macro cell and LPN can be changed in order to have more SHO users. System level simulation results in [3] show that parameter optimization would degrade the downlink throughput of edge UEs. In order to improve edge UE throughput, SFDC configuration can be considered for the users in the SHO region of Macro cell and LPN as illustrated in Figure 1. User throughput can be improved compared to the single HS-DSCH serving cell cases. Furthermore, the dynamic load balancing between Macro cell and LPN can be achieved.
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Figure 1 UE can be served by the Macro cell and the LPN simultaneously in the co-channel deployment.
2.2.2 RRS with SFDC
RRS is another useful RE technique in the HetNet single carrier scenario. It can be considered as an enhancement to the parameter optimization technique, and it can be used to improve the performance of the LPN cell edge UEs after parameter optimization. Further details of RRS techniques (the restricted resource can be power or transport format) are discussed in [2]. In this paper RRS technique considers the restriction of the power resource, which is similar to ABS (almost blank subframe) in LTE. According to a pre-defined pattern indicating RRS subframes and non-RRS subframes, Macro cell could mute its HS-DSCH transmission in RRS subframes so that its downlink interference to the LPN’s edge UE can be mitigated. Figure 2 illustrates the regions of the Macro UE, LPN UE and cell edge UE in RRS operation. Macro UE is served by the Macro during non-RRS subframes. Cell edge UE is served by the LPN during the RRS subframes. LPN UE is served by the LPN during all subframes.
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Figure 2 RRS on power operation
However, the cell edge UE’s performance is limited because it can only be served by the LPN during RRS subframes. In addition, the ratio of RRS subframe number to non-RRS subframe number is desired to be small so that RRS would not sacrifice too much performance of the Macro cell’s downlink. 

If SFDC configuration is enabled, then the RRS technique can be further improved. Figure 3 illustrates the RRS with SFDC configuration. Assume the cell edge UE is configured with SFDC with LPN as its serving cell and Macro cell as its assisting serving cell. With SFDC, Macro cell as the assisting serving cell would be able to serve the cell edge UE during non-RRS subframes when Macro cell load is low. During RRS subframes, when the LPN load is high, RRS with SFDC can provide throughput gain to the cell edge UE. Load balancing between the Macro cell and LPN can be achieved.
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Figure 3 RRS with SFDC

From the analysis above, we can see that SFDC is beneficial when applied to the RE techniques via both parameter optimization and RRS. 

2.2.3 Issues

Since a SFDC UE is served by the Macro cell and the LPN, both cells need to decode the HS-DPCCH. If one of the cells has poor HS-DPCCH quality, the performance of SFDC would be impacted. Similar to the uplink/downlink imbalance issue in [4], the SFDC scenario also has the HS-DPCCH reception quality issue at the Macro cell when the UE is in the SHO region. The solutions for HS-DPCCH reception could also be applied here.

2.3 Multi-carrier scenarios
2.3.1 Scenario 2: Macro cells and LPN have only 1 shared carrier
Figure 4 illustrates the coverage of Macro cells and LPN for Scenario 2, when Macro cells and LPN have only 1 shared carrier. Handover parameter optimization can be used so that more UEs can be offloaded from the Macro cells to the LPN.
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Figure 4 Scenario 2, when there is only 1 shared carrier
When the UE is covered by the LPN on F2, it is also covered by the Macro cell on F1, because there is no interference between the Macro cell on F1 and the LPN on F2. DFDC can be considered in this scenario, where the UE is served by the Macro cell on F1 and by the LPN on F2 simultaneously. 
When the UE is within the SHO region between the Macro cell and the LPN on F2, it is also covered by the Macro cell on F1. DF3C can be considered to further improve user throughput, where the UE is served by all 3 cells simultaneously.

In the above cases, a potential problem is about HS-DPCCH feedback and its correspondent power control, especially for DFDC. For DFDC, the downlink HS-DSCH carriers are different. If the Macro cell is the serving cell and a single HS-DPCCH channel (as defined in Rel-11 Multiflow) is transmitted on Macro HS-DSCH carrier correspondent uplink, LPN will not be able to receive the feedback information from the UE on LPN HS-DSCH carrier correspondent uplink. Downlink data transmission performance from the LPN may be affected.
2.3.2 Scenario 3: Macro cells and LPNs have 2 shared carriers
Depending on the transmit power configurations, there are two sub-scenarios:
Scenario 3a: Transmit power on Macro’s F1 and F2 are the same.

Scenario 3b: Transmit power on Macro’s F1 and F2 are different.

2.3.2.1 Scenario 3a

In Figure 5, both Macro cells and LPNs have 2 shared carriers and the transmit power are the same for the same Node B. In this scenario, the coverage regions of the Macro cell/LPN on F1 and F2 could be the same. If a UE falls into the SHO region of the Macro cell and the LPN, DF4C can be considered, in addition to SFDC, DC-HSDPA, DFDC and DF3C.
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Figure 5 Scenario 3a, Macro cells and LPNs have 2 shared carriers
2.3.2.2 Scenario 3b

Scenario 3b is referred to a RE technique in [5], that more UE can be offloaded to the LPN. By reducing the total transmit power on one of the Macro’s carrier, the coverage of the LPN is extended. All common channels and dedicated channels for that Macro carrier are also reduced proportionally. The coverage regions of Macro and LPN are illustrated in Figure 6. There are 2 different SHO regions at each of the frequency: SHO1 on frequency 1 and SHO2 on frequency 2. DF3C can be used in these 2 SHO regions while DFDC can be used between the SHO regions when they are not overlapped. Both DFDC and DF3C need to feedback HS-DPCCH to the Macro and the LPN. As DF4C can virtually work the same way as DFDC and DF3C, further investigation is required to see if DF4C can also be used in this scenario.
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Figure 6 Scenario 3, Macro cells and LPNs have shared carriers with RE techniques enabled
As the transmit power of Macro F2 is reduced, there might be some coverage holes for Macro F2. Network planning on F2 would be reconsidered and the coverage map on F2 may need to be redesigned. 
In summary, DFDC, DF3C and DF4C configurations should be considered in the multi-carrier scenarios when Macro cells and LPN have 2 shared carriers.
2.4 Other Issues
Serving cell selection, considerations on active set for DFDC, and mobility issues need to be discussed in RAN2.

3. Conclusions

As discussed above, three scenarios are considered. The RE with MF configurations include: SFDC, RRS with SFDC, DFDC, DF3C and DF4C. SFDC and RRS with SFDC configurations in the co-channel scenario would be studied in further details and evaluated with system level simulations.
In summary, we propose further evaluations of the following scenarios:

- Single carrier scenario (SFDC) with parameter optimization and RRS

- Multi-carrier scenarios:

o DFDC and DF3C with 1 shared carrier
o DFDC, DF3C and DF4C with 2 shared carriers (same or different power used by macro-cell on the shared carriers)
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