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1
Introduction

In RAN1#62, an LS [1] on enhanced inter-cell interference coordination (eICIC) progress in RAN1 was agreed:-: 
· Macro-Femto: 
· Baseline

· No backhaul coordination (X2, S1)

· Reflects RAN3 status
· Time-domain/power setting solutions 

· Support for restricting RLM/RRM/CSI measurements at the Rel-10 UE to certain resources 

· Macro-Pico: 

· Extend Rel 8/9 backhaul based ICIC to include time domain component

· Baseline

· Coordination of almost blank subframes* 

· Support for restricting RLM/RRM/CSI measurements at the Rel-10 UE to certain resources 

· The gains with cell range expansion (CRE) are still FFS in RAN1 and RAN4 will not start working on CRE enablers unless gains are concluded by RAN1

· No additional support shall be assumed in Rel-10 for cell range expansion beyond what is already possible in Rel-8

· (*) if MBSFN is configured almost blank subframe does not contain CRS in the data region.
In this contribution, the performance comparison of two time-domain eICIC schemes is discussed first followed by a discussion of the details of each ICIC scheme:- 
1) TDM scheme with large (e.g. 16dB) bias CRE



( Standardization required, Interference Cancellation (IC) required at least for TDD, New/Modified Measurements, time synchronization

2) Reuse 1 scheme with 0-5dB (moderate) CRE



( No Standardization required, No IC required, No New/Modified Measurements, some time coordination may be helpful

2
Performance Comparison
Details of two time-domain eICIC schemes are discussed in this paper where the schemes are described as:-

1) Reuse 1 scheme with small (0-5dB) bias CRE requiring no new enhancements for measurements and no new interference cancellation receivers. 

2) TDM scheme with large (e.g. 16dB) bias CRE, mandating new measurements in Rel-10, interference cancellation receiver at the UE, etc

Several RAN1 contributions have discussed HetNet systems and have included Macro and Pico cell system performance results [1][2][3][4][5][6][7] for both schemes (1 and 2 above) assuming full buffer traffic while some contributions [4][6] also showed performance results for NGMN bursty traffic for LOS and NLOS channels. 

It is noted that the contribution [4] has NGMN results for the Macro-only NLOS case (Table 1, [4], R1-104821) for a offered load of 10 Mbps, the 50-%ile user data rate is 27.8 Mbps and 5-%ile is 9 Mbps with a resource utilization of 34%, whereas the corresponding values from previous NGMN evaluations (see also [6]) are 3.93 Mbps for 50-%ile and 0.95 Mbps for 5-%ile throughputs and a resource utilization of 82%. Thus, there appears to be an almost an order of magnitude discrepancy between the NGMN evaluation and the reported results in [4] such that clarification is needed to allow for comparisons with other companies performance results. A general conclusion from [4][6] is that for low loads there is no necessity for large bias cell range expansion with TDM.  Intuitively, low loading with bursty traffic removes the need for interference coordination.

The NGMN system simulations were performed to compare the above two schemes and the comparison concentrated on high load scenario. System performance results for NGMN traffic model given in Annex A can be summarized as:

a) LOS channel model:   Reuse 1 + 3dB CRE (no macro-cell power de-boosting)  ~ =  TDM + 16dB CRE


( equivalent performance
b) NLOS channel model: Reuse 1 + 3dB CRE (no macro-cell power de-boosting)  ~ >  TDM + 16dB CRE


( Reuse 1 has better performance
The above NGMN system simulation summary and results from Annex A assume semi-static resource partitioning and ideal interference cancellation at the UE (for CRS and other channels) for TDM with large CRE. Thus, based on the above comparison results, it is clear that the existing Rel-8/9 mechanisms with moderate CRE already provide sufficient flexibility for achieving HetNet performance enhancements even at higher loads. The need for large CRE with additional time-domain eICIC enhancements and mandating of interference cancellation receivers is not clear. Performance results so far indicate that the two schemes are largely equivalent so it seems some further justification is needed for standardizing the TDM scheme with large CRE  due to increased UE processing complexity, specification effort and conformance testing.
The next section discusses some aspects of the time-domain eICIC signalling.

3
Discussion

The various aspects related to the time-domain eICIC signaling and the corresponding impact on UE behavior is discussed in this section. 

3.1 Rel-8/9 ICIC Signaling 

The existing Rel-8/9 backhaul ICIC mechanism includes exchange of ICIC information (such as RNTP, HII, UL overload indicator, etc) as part of the Load Information message on the X2 interface between coordinating nodes (see reference TS36.423). These messages contain the parameters on a per-PRB basis (e.g. DL power restriction per PRB). A receiving eNB may take such information into account when setting its scheduling policy and shall consider the received ICIC message IE value valid until reception of a new Load Information message carrying an update of the same IE. Thus, the Rel-8/9 backhaul ICIC mechanism already includes a time-domain component which is changed by sending a subsequent message on the backhaul. However, it is up to the eNB implementation to act upon the received ICIC messages.
3.2 Time-domain eICIC Signaling for large CRE

The time-domain eICIC signaling being considered for Rel-10 includes solutions that require coordinating nodes to coordinate their transmissions on a subframe-level e.g. by means of coordination of almost blank subframe transmissions. This coordination technique has atleast the following impact

· Inter-Node synchronization is required
· Time-domain eICIC signaling with subframe-resolution requires the coordinating nodes to have a common time-reference to understand the time-domain components of eICIC signaling. Synchronization with subframe offsets may be more suitable for atleast FDD systems (by avoiding the need for interference cancellation for at least some channels such as Sync, PBCH, PDCCH). In an example, cell 1 indicates to cell 2 an almost blank subframe pattern that cell 1 will utilize on its downlink. The cell 1 will continue to use the signaled almost blank subframe pattern until it sends another modified almost blank subframe pattern or modifies or terminates the coordination.
· A receiving node shall take into account the eICIC messages on the backhaul to enable large CRE
· Presumably, the time-domain eICIC messages are exchanged on the backhaul for resource partitioning including resources set aside for UE measurements. If a node decides to ignore an ICIC message received on its backhaul, then it can negatively impact UE measurements.  Alternately, nodes that are not coordinating need not exchange time-domain eICIC messages.   
· Interference Cancellation receivers at the UE are necessary to support large CRE.

The resource partitioning for time-domain eICIC can consist of at least two types of subframe resources from a UE perspective

· Semi-static set of subframes (e.g. serving cell subframes 0, 4, 5, 9 in FDD)

· In this set, the CRS of the serving cell and other important channels (such as Sync, Paging messages, SIB-1,PBCH) are protected to ensure reliable RRM measurements and handover function,

· The UE does RRM and other measurements in this set. A UE would still need to know the strongest interferer’s characteristics (whether the interfering subframe is an almost blank subframe and the type of the almost blank subframe (i.e. MBSFN or non-MBSFN)). 

· There are some scenarios (low interference) wherein the UE need not implement interference cancellation to receive useful signals in this set of subframes.

· There are some scenarios (high interference due large RE) where the UE must implement interference cancellation to cancel the strongest interferer in order to receive any useful signals (control and/or data from serving cell) in this set of subframes.

· Remaining set of subframes (i.e. subframes others than the semi-static set of subframes) which may be specified for various other functions -  1) a subframe that is left unoccupied (Almost-Blank Subframe) or 2) a subframe on which PDSCH transmissions may be scheduled e.g. by requiring the UE to do blind decoding of PDCCH on Almost Blank subframes or via inter-subframe scheduling which can require extensive specification changes, etc. 

· If a UE is scheduled in these set of subframes in an adaptive manner the UE must perform PDCCH blind decoding on each subframe with interference cancellation processing to determine if it has a valid grant or not i.e. determine whether the subframe is utilized by the UE’s serving cell or not. Alternatively, the UE is scheduled via inter-subframe scheduling as proposed in some contributions, which can have a larger implementation and overhead impact.
3.2 Almost Blank Subframe and Interference Cancellation at the UE

An Almost Blank subframe can be of several types 

· MBSFN subframes with no PDSCH region and lightly-loaded PDCCH (i.e. restricted to six out of ten subframes in a Radio Frame). Interference source is only CRS 
· Normal subframe with sparsely occupied PDCCH to enable legacy operation including transmission of different types of legacy signals (PSS/SSS/PBCH/CRS/PCFICH/PDCCH for Paging/SIBs, etc). Many Interference sources including  CRS,PSS,SSS,PBCH/PDCCH in common search space, etc
Interference cancellation requires synchronized networks (FDD and TDD) or at least synchronization of coordinating nodes so that a UE can decode and cancel the strong interferer. Note that in past RAN1 evaluations [8],[R1-062442], the performance improvement for interference cancellation was found to be approximately 15% gain for sector throughput and a 32% gain for 5%-ile user throughput based on perfectly removing the targeted interference signal from the received signals. Depending upon the interferer’s Almost Blank subframe configuration, the UE may be required to cancel more than one type of interfering signal to recover its information. 
· CRS of the interferer

· PBCH/PSS/SSS of the interferer

· Control channels (PCFICH/PHICH/PDCCH) of the interferer

It is preferable to define sub frame types that can reduce the burden on UE complexity and implementation. Therefore, if the Almost Blank Subframe is restricted to be a subset of MBSFN subframes, then the UE has to cancel only the CRS of the interferer. For FDD, the legacy signals can be protected by relying on coordination with subframe offsets. In TDD, the need for interference cancellation can be minimized by deploying Macro-Pico on carriers with partial overlap (i.e. so called FDM). 
3.3 Measurements at the UE 

The understanding so far is that for the TDM scheme a UE may be informed to restrict its RRM/RLM/CQI measurements to a restricted set of resources (preferably the semi-static set of subframes defined as above). Presumably, the UE has to be informed of the measurement sub frames by the network via higher layer signaling or other means. In any case, the impact to measurement stability must be evaluated in case it is an issue.  The measurement impact can be minimized by allowing the UE to measure on subframes 0, 4, 5, 9 for FDD as in Rel-8. 
Based on the observations, we propose the following : 

Proposal: Assume Reuse 1 with moderate 0-5dB CRE is baseline eICIC scheme.  If there is a RAN1 consensus that  TDM scheme with large CRE significantly out-performs Rel-8 techniques (e.g. Reuse-1 with moderate CRE, eNB Tx power setting, etc)  then consider standardizing TDM ICIC message exchange on the backhaul between coordinating nodes along with CRE enablers. It is further proposed to consider almost blank subframe patterns based on MBSFN subframes to reduce the UE impact. 

4
Conclusions

System performance results for NGMN given in Annex A can be summarized as:

c) LOS channel model,  Reuse 1 + 3dB CRE (no macro-cell power de-boosting)  ~ =  TDM + 16dB CRE

d) NLOS channel model, Reuse 1 + 3dB CRE (no macro-cell power de-boosting)  ~ >  TDM + 16dB CRE

The above assumes semi-static resource partitioning and ideal interference cancellation for TDM with large CRE (for CRS and other channels). 

Performance results so far indicate that the two schemes are largely equivalent so it seems some further justification is needed for standardizing the TDM scheme with large CRE due to increased UE processing complexity, specification effort and conformance testing.

Proposal: Assume Reuse 1 with moderate 0-5dB CRE is baseline eICIC scheme.  If there is a RAN1 consensus that  TDM scheme with large CRE significantly out-performs Rel-8 techniques (e.g. Reuse-1 with moderate CRE, eNB Tx power setting, etc)  then consider standardizing TDM ICIC message exchange on the backhaul between coordinating nodes along with CRE enablers. It is further proposed to consider almost blank subframe patterns based on MBSFN subframes to reduce the UE impact.
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ANNEX A – NGMN Performance Results

Macro+Pico cell performance results for NGMN traffic model are given below in Figure 1 and Table 1 for the LOS channel model and Figure 2 and Table 2 for the NLOS channel model.  Table 3 summarizes throughput results for the full buffer traffic model for both the LOS and NLOS channel model including [+3, 0] and [+5, 0] results.  Simulation assumptions are given in [2][10].  Note also that 3D antenna patterns were used here which will improve performance relative to previous reported NGMN bursty traffic results using 2D antenna patterns.
Figure 1 - NGMN traffic Performance Results for LOS model comparing TDM+16dB to Reuse 1 + (3,0)dB
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Table 1 – NGMN traffic Performance Results for LOS model comparing TDM+16dB to Reuse 1 + (3,0)dB
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16.0 15.2 13.7 2.2 13.1 16.3% 15.5 14.1 4.3 13.4 17.5%

20.0 18.6 13.0 1.4 12.4 20.0% 19.2 12.7 3.3 11.5 22.3%

24.0 21.8 12.0 0.9 10.9 23.7% 22.5 11.3 2.0 9.9 26.7%


Figure 2 - NGMN traffic Performance Results for NLOS model comparing TDM+16dB to Reuse 1 + (3,0)dB
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Table 2 – NGMN traffic Performance Results for NLOS model comparing TDM+16dB to Reuse 1 + (3,0)dB
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Table 3 – Full Buffer traffic Performance Results for the LOS and NLOS channel model
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