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1
Introduction 

During RAN 1 #62bis, techniques that can optimize gains from cell range expansion had been discussed. It was noted that the following already available techniques can be utilized: 

· Selection of appropriate number of pico eNBs
· Macro eNB power setting 

· Subframe offset (FDD)

· Data channel ICIC

· MBSFN subframes
And it was suggested that for further enhancement,  the following techniques could be beneficial and should be studied:

· Interference cancellation (at least CRS; also consider PBCH/PSS/SSS/SIB1) at the UE 

· Transmit side RE muting 

· Semi-static indication of PCFICH value
In this contribution, we review these techniques and identify potentials for each of them. 
2
Selection of appropriate number of pico eNBs
The rationale behind this proposal is that the system throughput gain comes from offloading of UEs to pico eNBs. It has been shown in [1][2]

 REF _Ref276994465 \r \h 
[3], that enhanced inter-cell interference management (eICIC) allows the network some load balancing flexibility and therefore provides the network with a tool to optimize UE association and maximize system throughput. 
The value of this approach was questioned in [4] arguing that the same benefits can be achieved by deploying larger number of picos eNBs, effectively proposing deployment of a larger number of pico eNBs as an alterative solution to eICIC. The basic premise behind this approach is that the operator should keep adding pico eNBs until the value of eICIC is diminished. As shown in [1]

 REF _Ref258108161 \r \h 
[2]

 REF _Ref276994465 \r \h 
[3] eICIC provides significant gains for reasonable number of pico eNBs and counting on a large number of pico eNBs may not be feasible and/or desirable due to cost related issues. While somewhat planned deployment of pico eNBs is certainly feasible approach, we view selecting appropriate number of pico eNBs in order to perform load balancing and interference management unreasonable approach in practical deployments.
3 
Macro eNB power setting

Macro eNB power setting has been suggested in [5][6] as a potential technique to handling macro/pico interference. Performance results in [5][6] suggest that good performance can be achieved if macro eNBs power is reduced or even turned off in D1 simulation scenario. While one can certainly make up a scenario where reducing macro eNB power is beneficial, our view is that relying on reducing power of macro eNBs to circumvent eICIC incurs significant risks of creating coverage holes in practice. For example, building penetration losses may attenuate the signal from the strong macro eNB so much that effectively thermal limited scenario can be created. Counting on weak pico eNBs to provide broad coverage is not reasonable in practice. In addition to poor coverage, negative impact on mobility performance is expected. 
4 
Subframe offset

Subframe offset can be seen as an effective technique to enable acquisition and detection of weak cells. The technique is illustrated in Figure 1, where detection of weak cells or cell range expansion can be implemented in both directions. The main idea is to shift timing of two cells by a number of subframes so that acquisition signals and channels (PSS/SSS/PBCH) do not interfere with each other. Then, the detection of weak cells is enabled by the interfering cell by not scheduling data on the resources that interfere with the acquisition signals and channels of the other cells. The technique is feasible for FDD systems, but it cannot be utilized for TDD systems. 
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Figure 1: Illustration of subframe shift for FDD systems.

5 

Data channel ICIC
Data channel ICIC agreed in [7], enables coordinated scheduling among interfering cells. The procedure is illustrated in Figure 2. Utilization of almost blank subframes (ABS) facilitated through backhaul signalling, as explained in [7] enables cell range expansion. However, even though data channel ICIC enables cell range expansion, system performance is impacted due to remaining CRS interference that data channel eICIC cannot address. 
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Figure 2: FDD case example; Partitioning of resources (subframes) between macro and pico cells. Macro cell can use 3/4 of resources. Pico cell can use 3/4 of resources. Cell range expansion enabled in both directions.

A straightforward way to address CRS interference is to perform CRS interference cancellation. Strong CRS interference can be estimated accurately and therefore also accurately cancelled. Effectively all interference from the almost blank subframe can be eliminated.
6 
MBSFN subframes

MBSFN subframes can be utilized to reduce the impact of CRS interference on the data channel. If an almost blank subframe is configured as MBSFN frame as well, CRS is not present in the data region and therefore CRS interference on the data does not occur. 
MBSFN solution has its limitation though. CRS interference in the control region is still present and depending on the cell range expansion (bias) value, could severely degrade the control channel performance.  Configuration of MBSFN subframes is also considered relatively static. Any change in the MBSFN configuration implies system information change. In addition, MBSFN configurations are not well aligned with UL HARQ feedback. For example, UL HARQ feedback in FDD systems is based  to 8 ms periodicity, while MBSFN configuration is based on 10 ms or 40 ms period. Due to the mismatch, the usefulness of MBSFN subframes is limited since HARQ feedback need to be transmitted every 8 ms. Partitioning example with 50% of subframes configured as almost blank subframes is shown in Figure 3 and illustrates the limitation of MBSFN configuration for CRS interference avoidance. 
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Figure 3: Partitioning example with utilization of MBSFN subframes. In practice due to UL HARQ timeline, only a fraction of ABS subframes can be configured as MBSFN.
7 
Interference cancellation

Interference cancellation techniques can be utilized at the UE in order to effectively suppress strong interference arising from the neighbouring cell’s CRS and other control signals and channels such as PSSS/SSS and PBCH. Interference cancellation exploits a well known information theory principle that strong interferer is equivalent to no interferer [8] and hence can be effectively removed. 
The use case for interference cancellation is made with the adoption of TDM partitioning [7] framework and cell range expansion through biasing. The network ensures coordinated scheduling of data. However, CRS needs to be transmitted to support legacy UEs and RLM/RRM measurements. In addition, enhanced acquisition and detection performance of PSS/SSS and PBCH through subframe shift may not be feasible (TDD systems). Interference cancellation receiver, as shown in [9] can transparently to the network handle dominant interference. 
Full interference cancellation receiver is the most robust solution. But a good fraction of the gain of interference cancellation receiver can be achieved with CRS puncturing receiver [3]

 REF _Ref277018648 \r \h 
[9]. This receiver technique can also be seen as receiver side muting. In this case, UE sets LLR of the REs corresponding to CRS of strong interferers to 0. LLRs need to be set to 0 only when the UE detects presence of strong interferers and therefore the coding gain loss due to puncturing is present only when interference is strong. This solution can be seen as a simplified version of the interference cancellation receiver. However, this solution does not address all the scenarios of interest, such as colliding CRS case as well as detection of PSS/SSS and PBCH in case of TDD systems. 
8 
Transmit side RE muting

Transmit side RE muting is a technique similar to the receiver side muting. Both techniques require the UE to discard REs where strong CRS interference from the neighbouring cells is present. In that regard, even transmit side muting, requires receiver side muting. The main rationale behind transmitter side muting is to maintain coding performance for very large transport block assignments when selecting MCS is high. In this scenario, the receiver side muting can lead to effectively high received code rates. 
The main difference is that the receiver side muting can be adaptive while transmitter side muting is static in nature. The receiver side muting does not incur additional overhead when cell range expansion is not necessary since UE autonomously decides when to mute/discard corrupted REs. Transmit side muting however is not so flexible. eNB must decide when to mute REs and ensure that UE and eNB are synchronized. That leads to either frequent signalling and reliability issues as the UE location changes, or constant overhead due to RE muting. The transmit side muting cannot address CRS interference on the control channel due to Rel 8/9 legacy terminals.
9 
Semi-static indication of PCFICH value
PCFICH performance can be significantly impacted due to CRS interference as shown in [9]. One way to address this issue is to semi-statically configure PCFICH value. This solution is possible in case of handover, where serving cell is communicating PCFICH value for the target cell. It is not clear however, how semi-static configuration of PCFICH is signalled from the serving cell if such scenario is of interest. Alternative solution to semi-static configuration of PCFICH is static configuration where PCFICH of 3 is implied with PHICH duration is set to 3. 
10

Conclusions

In this contribution, we evaluated the potentials of the techniques proposed for cell range expansion. Data ICIC combined with interference cancellation receiver is a complete and robust solution that addresses all the scenarios of interest. Other solutions can be helpful in some cases but cannot address all scenarios.
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