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1. Introduction

Following RAN#47 meeting, a new work-item for heterogeneous networks [1] was introduced with the following description:

Identify and evaluate non-CA based strategies of heterogeneous network deployments, as well as determine the standardization work necessary to support enhanced inter-cell interference coordination solutions for control and data channels if need is identified (targeted for completion by RAN#49)  
· The study shall include consideration of Rel8/9 techniques and ensure backward compatibility for Rel8/9 terminals as well as minimize physical layer air interface impact.

· Following completion of the above feasibility evaluation, specify suitable solutions considering enhanced ICIC techniques for control and data channels. 

In this contribution, we present Texas Instruments’ views on Rel. 8/9 compatible control channel interference mitigation techniques for co-channel deployed heterogeneous networks, consisting of conventional macrocell eNodeBs overlaid with either shorter range hotzone eNodeBs or Closed Subscriber Group Home eNodeBs (CSG HeNBs). 
2. Rel-8/9 Based Interference Mitigation Schemes For Het-Nets 

The following subsections present our views on Rel-8/9 compatible control channel interference mitigation schemes in het-nets. The document first discusses het-net control channel ICIC for CSG HeNB deployments and proceeds to ICIC for hotzone cell based deployments. 
For the rest of the contribution, we use the following abbreviations for simplicity: Any UE served by the macro. eNodeB is referred to as a “MUE”. The term “victim” MUE refers to any MUE which potentially experiences excessive interference from an actively transmitting CSG HeNB. Depending on the context, the term “HUE” refers to a UE which is RRC connected to either a hotzone eNodeB or a CSG HeNB. 
2.1. Closed Subscriber Group HeNB Deployments
In a co-channel het-net deployment consisting of CSG HeNBs, the downlink SINRs for MUEs will potentially be deteriorated due to localized interference – the so-called near-far effect – arising from nearby CSG HeNB transmissions. Figure 1 depicts the agreed-upon het-net deployment model consisting of a single dual-stripe apartment block – with a single deployed HeNB per room– in each cell.  We proceed to analyze the resulting interference in such a scenario, based on typical simulation parameters given in Table 1.
Figure 2 shows the average downlink SINR CDFs for RRC connected users, assuming that 35 % of MUEs in each sector fall within a HeNB dual stripe block.  We make the following observations:
· With a HeNB activation ratio equalling 1.0 – that is each apartment has one actively transmitting HeNB -- there is a greater than 10 dB SINR loss for the 5 percentile SINR MUEs when CSG HeNBs are present (blue solid curve), relative to a macro eNodeB-only network (black dashed curve). 
· For cell-interior users, the CDF curve for HUEs – beyond 50 percentile – lies to the left of the SINR CDF curve of MUEs – the diminished performance for HUEs with good channels to their HeNB is because the HUEs are interference limited by neighboring HeNB transmissions within the same apartment stripe.  
We clarify that our computer simulation models a worst-case HeNB interference scenario – that is, each apartment has an actively transmitting HeNB, while interior wall-partition losses (Liw = 5 dB based on Table A.2.1.2.2-8, [2]) do not sufficiently “insulate” HUEs from neighboring HeNB transmissions. Similar observations have been reported in [3]. Consequently, in spite of the proximity of HUEs to their serving HeNB, they will encounter strong interference due to transmissions from neighboring HeNBs. For example, a HUE in the center of an apartment stripe will encounter interference from five neighboring HeNBs within the same apartment stripe.
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Figure 1: Scenario for evaluating average downlink SINRs for het-net deployments with HeNBs
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Figure 2: Long-term SINR CDFs for co-channel deployed MUEs and HUEs. 
2.2. Control Channel Interference Mitigation Techniques

This section presents candidate Rel-8/9 compatible schemes in non-CA het-net deployments for mitigating control channel interference from actively transmitting CSG HeNBs to MUEs.
2.2.1. Time Shifting

The CSG HeNBs can time-shift its subframe using a subframe offset equaling Nshift OFDM symbols, so that the PDCCH transmissions from CSG HeNBs overlap with the PDSCH transmissions of the macro. eNodeB. This alleviates interference on PDCCH at the victim MUE from PDCCH transmissions of HeNBs. Selecting Nshift = 1 OFDM symbol eliminates CRS interference at victim MUEs for 2 port CRS, while setting Nshift >= 2 OFDM symbols eliminates CRS interference at victim MUEs for 4 port CRS transmission. 
As an example, in Figure 3, all CSG HeNB transmissions are time-shifted by Nshift = 3 OFDM symbols relative to the starting symbol of the macro. eNodeB.
Requirement: Time-shifting based control channel ICIC requires synchronized HeNB and macro. eNodeB operation. This may be accomplished at the HeNB by “listening” to the macro. eNodeB transmissions – either over the air or over X2/Ethernet backhaul – and synchronizing to the starting symbol of each subframe. 
We now present additional considerations and candidate Rel-8 compatible solutions for time-domain het-net ICIC.
· Restricting HeNB control duration: For minimizing PDSCH interference at the MUE from PDCCH of HeNB, it may be necessary to restrict control channel duration (in OFDM symbols) of CSG HeNB to a minimum. End-consumer deployed HeNBs will likely serve substantially fewer numbers of users relative to conventional macro. eNodeBs, consequently, restricting their control channel duration to 1 OFDM symbol is not expected to increase the PDCCH blocking probability at HeNB.
· Eliminating control channel to data channel interference: The time-shift may be chosen such that control channel transmissions from HeNBs do not interference with the PDSCH of the victim MUE. For example, assume that the time-shift Nshift < 3 OFDM symbols. In such a case, the macro. eNodeB sets PCFICH = 3 symbols, while transmitting its control information over 2 OFDM symbols and muting the 3rd OFDM symbol. The macro. eNodeB can rate-match its PDSCH to start from OFDM symbol 4. 
· The PDSCH for the victim MUE experiences interference only from PDSCH of the HeNB and there is no interference on control channel for both MUEs and HUEs. 

· The drawback is that the macro. eNodeB loses one OFDM symbol in subframes in which the victim MUE is scheduled.

· Eliminating data channel to data channel interference: Interference from HeNB’s PDSCH transmissions at the PDSCH for MUEs can be eliminated through RB-level data ICIC. For example, the macro. eNodeB may communicate a set of “reserved” RBs to HeNBs – either over X2 or Ethernet backhaul – over which HeNBs mute their transmissions, so as not to cause interference to scheduled MUEs within range.
· Setting appropriate CCE aggregation level: For ensuring that PDCCH reception is robust against het-net interference, the macro. eNodeB can transmit the DCI information intended for its victim MUE at the highest CCE aggregation level (8 CCEs or 288 REs). Further, if the CSG HeNBs set their PCFICH = 1 OFDM symbol, the HUEs can receive their PDCCH on the smallest aggregation level (1 CCE or 36 REs).

[image: image3]
Figure 3:   Time-shifting based control channel ICIC for het-nets.
2.2.2. MBSFN Subframe Transmissions
In this approach, HeNBs are configured to transmit a certain subset of subframes as MBSFN subframes – with the exception of subframes 0, 4, 5 and 9. If the number of cell-specific antenna ports at HeNBs is less than two, the HeNBs may transmit their control channel of duration equalling one OFDM symbol. By scheduling the victim MUE only on MBSFN subframes of HeNB transmission, data channel interference at MUEs is eliminated. 
We note that MBSFN based ICIC may be used in tandem with time-shifting as discussed in the previous section. As with time-shifting based ICIC, MBSFN requires time synchronized macro eNodeB and HeNB operation.

[image: image4]
Figure 4: Time-domain ICIC through MBSFN subframe transmission at HeNB.
2.3. Hotzone Deployments 

In a co-channel hotzone deployment, the downlink SINRs is largely determined by the cell-selection scheme. For example, Range Extension (RE) [4] – wherein a UE potentially selects a hotzone cell even if that cell is not its strongest cell in terms of its reference signal received power (RSRP) –offloads greater numbers of UEs from the macro. NodeB to hotzone eNodeBs, relative to conventional Rel-8 based RSRP cell selection. 
However, RE based cell selection biases UEs in favor of selecting a weaker hotzone cell, especially with large numbers of deployed hotzone cells. Consequently, HUEs will likely experience significantly reduced downlink SINRs in comparison to the well-studied Rel-8 RSRP cell-selection. 
We provide computer simulation results of average downlink SINRs obtained in a hotzone cell deployment, considering both uniform UE dropping (Configuration 1) and non-uniform UE dropping (Configurations 4a and 4b) as defined in Table A.2.1.1.2-4 [2]. Three different cell-selection schemes are considered namely a) Rel-8 RSRP based cell-selection, b) RE-based cell-selection wherein each UE adds a bias term to its RSRP from hotzone cells and c) RE-based cell-selection wherein each UE selects its serving cell to which it experiences the largest average channel gain. 
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Figure 5: Fraction of users served by hotzone eNodeB for uniform (Configuration 1) and clustered (Configurations 4a and 4b) UE locations.

Figure 5 shows the fraction of offloaded users to hotzone cells assuming a 21 cell network (with wrap-around) with 60 active UEs/sector. Associated simulation parameters and their values are given in Table 1. Assuming 4 hotzone cells/sector and non-uniform UE dropping (Configuration 4b) as reference, RE-based cell-selection results in greater traffic offloading (nearly 90 %) relative to  RSRP cell selection (up to 65 % traffic offloading).
However, as seen in Figure 6, RE-based cell selection results in a nearly 6dB average SINR loss corresponding to the 5 percentile CDF. This SINR loss arises because of increased downlink interference from macro. eNodeB to cell-edge HUEs served by a weaker hotzone cell. With more aggressive bias-selection – either selecting a minimum path-loss based cell-selection or a bias equaling 20 dB – there is a greater than 10 dB SINR loss for cell-edge HUEs.
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Figure 6: CDF of long-term downlink SINR for different cell-selection schemes in hotzone deployments.

Summarizing, the above results show that:

· RE based cell-selection schemes will introduce additional control channel interference in het-net deployments, which will require additional standardization work – that could have been avoided in the first place with conventional RSRP-based cell selection. 
· As shown in [6], outdoor hotzone cell deployments using RSRP cell-selection provide acceptable Rel-8 control channel performance and provide substantial throughput and offloading gains [4]-[9]. 
2.3.1. Control Channel Interference Mitigation Techniques

Because outdoor hotzone cells are operator deployed, ICIC between the macro. eNodeB and overlaid hotzone eNodeBs will be, at least in principle, easier relative to CSG HeNB deployments. Candidate ICIC solutions for applying to hotzone based het-net deployments include, for example,
· Hand-off: The hotzone eNodeB performs hand over of RRC_CONNECTED HUE – experiencing high levels of interference from macro eNodeB – to the macro. eNodeB. 
· ICIC for PCFICH: As mentioned in [5], with proper cell planning, cell IDs for hotzone eNodeBs can be appropriately chosen, so that the REG to RE PCFICH mapping for macro. eNodeB and hotzone eNodeBs do not occur in overlapping RE locations. As an example, Table 1 provides a list of possible cell IDs for different downlink bandwidths – the list below is by no means exhaustive – for which the pair-wise differences between the start offsets of the PCFICH REs (following REG to RE mapping as given in Section 6.7.4, 36.211) equals at least 4 REs.
Table 1: Cell IDs for which pair-wise PCFICH starting offset difference equals at least 4 REs.

	Downlink Bandwidth (MHz)
	Example Cel ID list
	Number of Cells

	5 (25 RBs)
	[21:28 33 37]
	10

	10 (50 RBs)
	[21:29 31:37  47 50 63]
	19


· Time-domain ICIC: Time-shifting and/or MBSFN transmission (as described in prior sections) can be combined with transmit power planning at hotzone eNodeBs in order to minimize the interference footprint at HUEs from macro. eNodeB. 
3. Conclusion

In co-channel heterogeneous network deployments, there can be SINR degradation due to increased interference levels arising from either CSG deployments of low-power node, or modified cell-association schemes such as range expansion.

This contribution has identified Rel-8/9 compatible inter-cell interference coordination schemes for heterogeneous network deployments. Specifically, we highlight UE transparent ICIC schemes such as time-shifting and MBSFN transmission at low power nodes for minimizing control channel interference at victim MUEs. 

Proposal 1: RAN1 should further study performance degradation in PDCCH/PCFICH/PHICH channel performance in het-nets. The study should include Rel-8/9 compatible ICIC approaches such as a) time-shifting and MBSFN based ICIC approaches and b) using highest CCE aggregation level at macro. eNodeB for transmitting control information for MUEs within range of CSG HeNBs. Additional studies may be conducted taking into account various HeNB deployment ratios and additional control channel performance improvements obtained by reducing HeNB transmit powers.

Proposal 2: For outdoor hotzone cell based het-net deployments, Rel-8 RSRP cell-selection in combination with cellular planning by setting appropriate hotzone cell transmit powers can provide tangible offloading benefits/ throughput gains [6]-[9], while ensuring acceptable control channel performance [10].
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5. Appendix: Simulation Parameters
Table 2: Simulation parameters for CSG HeNB deployment scenario.
	Simulation Parameter
	Description/Value

	Carrier frequency
	2 GHz

	Transmission bandwidth
	10 MHz (50 RBs)

	Number of macro-cells
	21 cells with wrap-around

	HeNB deployment model
	Dual-strip, 1 single-floor apartment block per sector with two stripes each consisting of 20 apartments. Each apartment has a single active HeNB serving a single subscribed UE.

	Maximum HeNB transmit power
	20 dBm

	Maximum Macrocell eNodeB transmit power
	46 dBm

	HeNB Deployment Ratio
	1.0 (Fraction of apartments with installed HeNB)

	HeNB activation ratio
	1.0 (Activity factor of installed HeNB)

	Number of users
	80 users/cell (including both macro. UEs and CSG HeNB UEs)

	Fraction of macro. UEs within dual-stripe area
	35 %

	Penetration loss
	Interior wall penetration loss Liw = 5 dB.
Exterior wall penetration loss between apartment stripes Low = 20 dB.



	Path loss
	Urban deployment model (see Table 2.1.1.2-8, Page 69, [2])

	Lognormal shadowing standard deviation
	4 dB for link between HeNB and HeNB UE.
8 dB for other links.

	Channel model
	Fast fading disabled.

	Min. distance between UE and HeNB
	>= 3 meters

	Min. distance between HeNB block and macro. eNodeB
	>= 75 meters

	Min. distance among HeNB blocks
	40 meters

	Antenna pattern (HeNB)
	Omni-directional, 
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(Table A.2.1.1-2, [2])

	Simulation output
	Long-term downlink SINRs of macro. UEs and CSG HeNB UEs in co-channel deployed heterogeneous network.


5.1. Outdoor Hotzone
Table 3: Simulation parameters for outdoor hotzone cell deployment scenario.
	Simulation Parameter
	Description/Value

	Carrier frequency
	2 GHz

	Transmission bandwidth
	10 MHz (50 RBs)

	Number of macro-cells
	21 cells with wrap-around

	Number of Hotzone cells
	1,2 and 4 hotzone cells per sector

	Number of users
	60 users/cell

	UE dropping methodology
	Configuration 1 (uniform random dropping).
Configuration 4a (clustered dropping, 4 UEs dropped around each hotzone cell).

Configuration 4b (clustered dropping, up to 40 UEs dropped around each hotzone cell).

See Table A.2.1.1.2-4 [2]


	Maximum hotzone eNodeB transmit power
	30 dBm

	Maximum macro. eNodeB transmit power
	46 dBm

	Path loss model
	Model 2 (refer Table A.2.1.1.2-3, [2])

	Channel model
	Fast fading disabled

	Min. distance between UE and hotzone eNodeB
	>=10 meters

	Min. distance between hotzone eNodeB and macro. eNodeB
	>=75 meters

	Min. distance between hotzone eNodeBs
	40 meters

	Simulation output
	Hotzone attachment ratio and long-term downlink SINR CDFs in a co-channel deployed heterogeneous network with outdoor hotzone cells.
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