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1 Introduction

Traffic offloading was extensively discussed in heterogeneous network (HetNet) with X2-based backhaul. In Rel-11, HetNet with RRH-based backhaul using CoMP is considered. In this paper, we discuss the operation of traffic offloading in RRH-based HetNet and potential spec change due to such operations. Based on the discussions, the main spec change seems to be the signalling of CQI hypothesis.
2 Operation of Traffic Offloading in RRH HetNet
2.1 Necessity of Traffic Offloading
Traffic offloading was widely discussed and evaluated in X2-based macro/pico network. It has been shown that offloading traffic from macro to pico can well improve the system performance. RRH-based HetNet is still heterogeneous, therefore the motivation to offload traffic to pico (low power node: LPN) remains at least full loaded case. Consequently the first observation is:
· Traffic offloading is still effective in RRH-based network for full loaded traffic (including both scenario 3 and 4).
For non-full load case, the necessity of traffic offloading may be reduced because of the reduced interference from macro. Therefore the second observation is:

· The gain of traffic offloading could be reduced when the  macro is lightly loaded
In general, we think traffic offloading in RRH-based HetNet itself should be useful. However there are more variations to support traffic offloading in RRH-based HetNet than in X2-based HetNet.

2.2 R10 eICIC to offload traffic in RRH network
Range extension was the main technique to offload traffic in Rel-10 discussions. With a properly configured range extension bias, a UE could be connected to LPN even if the RSRP from macro is larger than the RSRP from LPN.
In RRH-based HetNet, the range extension mechanism should work equally well as in X2-based network. One issue is how to measure RSRP in CoMP scenario 4 (shared cell id HetNet). But assuming this could be solved by the measurement of CSI-RS, we observe that:
· Range extension would be also applicable in RRH-based HetNet
With range extension applied, the UEs in cell range extension (CRE) area would suffer severe interference from macro. To alleviate the interference, almost blank subframe (ABS) was introduced to reduce macro cell activity, e.g., PDSCH from macro are muted on some subframes for non CSG operation. In X2-based network, the macro and pico need to exchange the pattern of ABS. However, in RRH-based network, the information exchange between macro and LPN is purely network implementation issue. Therefore we observe:
· Reduce macro activity (mainly ABS) should be useful if range extension is applied.
· ABS is purely network implementation issue in RRH-based network
· No need to define X2 parameters
The UEs experience very different interference in protected subframes like ABS and non-protected subframes. Consequently restricted measurement is introduced. We note this mechanism is still valid in RRH-based network. Therefore we observe:
· Restricted measurement is still applicable in RRH-based HetNet
In addition to the above discussions, another important topic in Rel-10 was the possible value of range extension bias. Large bias is not considered due to PDCCH and other control channel impacts. The Rel-10 discussion assumes PDCCH and PDSCH are from the same cell due to X2 backhaul constraints. In RRH, PDCCH and PDSCH can be from different cells therefore the discussion can be different from Rel-10. Particularly, if a UE in range extension area experience severe interference from macro, the network can transmit PDCCH from macro instead of pico. In this case, PDCCH decoding is not a problem. If the macro does not have enough capacity to handle PDCCH for all UEs in macro area and range extension area, E-PDCCH can solve the capacity problem. Therefore regarding PDCCH issues, we observe:

· In general PDCCH decoding is a less issue in RRH-based network
· PDCCH can be provided by macro but the data is provided by LPN in RRH network
· Larger association bias may be considered if it has the gain
· If necessary, E-PDCCH can be used to solve the PDCCH capacity problem
2.3 CB/JT to offload traffic in RRH network

Coordinated beamforming (CB) / Joint transmission (JT) enables more dynamic DL transmission than Rel-10 eICIC. The operation of CB/JT was mainly discussed in homogeneous deployment background. Here we intend to discuss enable traffic offloading in CB/JT operations, namely if CB/JT traffic offloading requires additional signaling than homogeneous network (HomoNet).
First, for CB/JT operation in HomoNet, CoMP measurement set needs to be signaled to the UE. In HomoNet, the general criteria to decide CoMP measurement set is based on RSRP, eventually if RSRP of a cell is below the RSRP of the best cell within several dB (i.e., CoMP threshold), then the network informs a UE that the cell is in the UE’s CoMP measurement set. In HetNet, it is possible that the network prefers to include LPN in CoMP measurement set but not include macro in CoMP measurement set. In that case, assigning different CoMP threshold to macro and LPN can fulfill the network’s preference. For example, if the neighbor cell is macro, the CoMP threshold is -3 dB. If the neighbor cell is LPN, the CoMP threshold is -12 dB. Such operation can incorporate traffic offloading in CoMP measurement set determination.
The above operation is in general inside of eNB (CoMP threshold assignment). Therefore we observe:

· Determination of CoMP measurement set may include traffic offloading into consideration

· In general it is eNB implementation issue if CoMP measurement set is explicitly signaled to the UE

Second, for CB/JT in HomoNet, multi-cell CSI measurement and feedback needs to be supported. In HetNet, if we allow UE to report multiple CQIs, and each CQI corresponds to different calculation hypothesis, then eNB has the freedom to choose one of the CQIs for DL transmission. If the CQI hypothesis corresponds to different traffic loading condition, then eNB can carry out traffic offloading. For example, the UE reports two CQIs, the first CQI corresponds to JT from macro/LPN1/LPN2, while the second CQI corresponds to JT LPN1/LPN2, then the eNB can carry out traffic offloading by apply JT from LPN1/LPN2 if macro is fully loaded, while JT from macro/LPN1/LPN2 may be carried out if macro is not fully loaded. Similar operations have been conducted in [1][2]. Therefore we observe
· Allowing multiple CQI reporting may facilitate CB/JT traffic offloading
· Operation can be  similar to ABS (as eNB implementation) and restricted CSI measurement

Moreover we note that the above CQI involves measurement of multi-cell CSI, which implies it is preferred to protect the CSI-RS resources from multiple cells, i.e.,
· Multi- cell CSI-RS resources should be properly protected.

· FFS standard impact due to CSI-RS resource protection
2.4 Comparison between CB/JT and R10 eICIC

In section 2.2 and 2.3, we have seen that both R10 eICIC and CoMP can carry out traffic offloading in RRH-based HetNet. In this section, we can further discuss the differences.
[image: image1.emf]slow

fast

frequency reuse factor =3

or fixed resource partition

static semi-static

ABS

dynamic

∞

200ms+?

5 ms?

DPS

CB

SU-JT

Gain due to adaptive 

to traffic pattern

Gain due to 

channel variation 

exploitation

SFN gain

PDSCH Spatial 

Reuse gain


Figure 1. Comparison of inter-cell interference management based on different time scale

As we can see from figure 1, inter-cell interference management can be based on different time scale. 
In traditional cellular system, frequency reuse factor like 3 is rather static value. In recent RAN1 meetings, fixed resource partition in time domain was also proposed as performance reference. Those are static interference management.

A more flexible interference management is semi-static manner, such as ABS or overload indicator. One main gain is due to traffic pattern adaptation, i.e., resource reallocation based on traffic.
Further interference management is based on dynamic manner, which can in addition exploit channel variations, e.g., select cell based on dynamic channel conditions. Other dynamic CoMP schemes, such as CB and SU-JT, may achieve more gains over DPS, due to SFN gain and PDSCH spatial reuse gain, respectively.
However we note that simply being dynamic does not guarantee better system performance, because interference measurement at UE side may be not reliable due to limited number of subframes. It is also important to make proper assumption at UE side on interference calculation, especially how to assume the interference from transmission points within CoMP measurement set. 
We discussed that both R10 eICIC and CB/JT can support traffic offloading in previous sections. The exact gain still needs to be evaluated, i.e.:
· The performance for ICI management with different time scales should be carefully evaluated.
4 Conclusions
In this document, we discuss the operation of traffic offloading in RRH-based HetNet. Both R10 eICIC operation and CoMP CB/JT operation are analyzed. Our observation on the operation and possible spec impact are:
The spec impact of R10 eICIC operation to offload traffic in RRH-based HetNet may include:
· ABS is purely network implementation issue in RRH-based network
· No need to define X2 parameters
· Restricted measurement is still applicable in RRH-based HetNet
· In general PDCCH decoding is a less issue in RRH-based network
· If necessary, E-PDCCH may be introduced to solve the PDCCH capacity problem
The spec impact of CoMP operation to offload traffic in RRH-based HetNet may include:
· Determination of CoMP measurement set may include traffic offloading into consideration

· In general it is eNB implementation issue if CoMP measurement set is explicitly signaled to the UE

· Allowing multiple CQI reporting may facilitate CB/JT traffic offloading
· Operation can be  similar to ABS (as eNB implementation) and restricted CSI measurement

· The signaling of CQI hypothesis needs to be specified
· Multi- cell CSI-RS resources should be properly protected.

· FFS standard impact due to CSI-RS resource protection
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