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1. Introduction

Interference Coordination can enhance the E-UTRA performance [1] as confirmed by recent decisions [16] .

The benefits of Interference coordination are obtained by scheduling a UE on preferred frequencies or frequency subsets 
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 depending on the UE’s nearest neighbour cell from which interference is perceived, or in which interference is created. 

So this scheduling depends on pathloss+shadowing measurements to neighbour cells. The advantages were clearly demonstrated when frequency selective CQI is not available and frequency diverse scheduling were used in DL [8] as well as UL [17]. 

2. Characteristics of VoIP or persistent scheduling

In order to save control channel overhead the allocation decision is made at a certain point in time for many instances in the future. So the persistent allocation can be assumed constant for several periods of typically 20 ms as shown in  Figure 1.
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Figure 1: Persistent Resource allocation typical for VoIP
Channel adaptive scheduling is thus not possible for this long time periods which are longer than the channel coherence time, since the channel frequency dependence (CQI) can not be foreseen for this long time frame. 

Thus due to that reason frequency diverse scheduling is used. A further characteristic that speaks in favor of diverse scheduling is that not too many HARQ retransmissions are desired to ease the handling of persistent and dynamic allocations. As further characterization it can be said that the VoIP allocation is usually a small allocation of a few physical resource blocks (PRB) size. Correspondingly always a high number of UEs are scheduled in parallel (also at the cell border).

3. Suitability for Interference Coordination scheduling

For Interference Coordination scheduling only pathloss+ shadowing measurements are necessary to perform the scheduling allocation. If one thinks in DL or UL of semi-persistent allocation where an allocation is done inside a talk spurt or a silence period for e.g. 100 ms, the pathloss and shsdowing stays approximately constant during this period also for higher speed UEs. So an allocation to a preferred frequency subset can be done semi-persistently based solely on this information. It thus obtains the SIR gain for cell border mobiles as desired which strongly improves the efficiency.

Further a large number of UEs will be scheduled in parallel. This results in a statistically uniform distribution of UEs over the cell area with a sufficient high number of UEs in the cell borders for every neighbour cell. Thus this allows exploitation of the spectral efficiency gains. 

In UL the same advantages can be achieved with semi-persistent UL allocation and possibility of persistent allocation shifts or with a grouping approach allowing frequency selective scheduling. In case of UL a hopping allocation might be used for the UEs. Here also the sector throughput or spectral efficiency can be improved which increases the capacity.

So in conclusion VoIP is almost an ideal application for Interference Coordination Scheduling and can obtain the full benefit from static Interference Coordination throughput  gains!

4. Workout of a possible solution for the DL with DVRBs

In downlink distributed virtual resource blocks (DVRBs) can be used for diverse allocation of very small payloads (e.g. 7.95 kbit/s AMR mode). With these allocations the benefits of interference coordination shall be achieved. Thus the following consequences can be summarized:

· DVRBs have to match the Frequency subsets used for Interference Coordination.

· For BW of 5 MHz and above resource block level distributed DVRBs can be spread over 3 physical resource blocks as default, which matches the result by a number of other companies [20] with ND=3 block division.

· Frequency subsets used for Interference Coordination must be addressable by the L1/L2 Control channel in one “shot”.

· All DVRBs belonging to the same PRBs must be addressable by the L1/L2 Control channel in one “shot”.

The DVRB definition is thus connected with the design of the resource allocation in the L1/L2 control channel. We propose in [21] for example using a split bit map for 5 MHz.

So a possible solution for the DVRB definition in a 5 MHz carrier with a split bitmap L1/L2 control channel is given below in Figure 2.
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Figure 2: DVRB definition matching eight Frequency subsets for Interference Coordination

So regarding this split bitmap of the L1/L2 control channel, one can summarize that a DVRB must not cross a border of a split used in resource allocation of  L1/L2 control channel. 

This split is for example also used for a 10 MHz L1/L2 control channel. Since Frequency subsets used for Interference coordination in a 10 MHz carrier shall also remain in one 5 MHz part to be addressable in one “shot” the following solution for 10 MHz given in Figure 3 is appropriate.
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Figure 3: DVRB definition in 10 MHz carrier matching eight Frequency subsets used for Interference Coordination

Here each of the frequency subsets used for Interference Coordination matches two DVRB sets.

As a further consequence of using DVRBs for VoIP one can state that for cell border mobiles all frequency subsets (e.g. out of eight) must be available as DVRBs. So from that it is useful that certain subframes contain DVRBs for all frequency subsets so that in these subframes all cell edge mobiles can be scheduled for VoIP persistent scheduling or that they perform their remaining retransmissions while in other subframes frequency selective scheduling takes place.

Thus the definition of DVRBs shall be depend on the subframe.

5. Signalling of frequency subsets used for Interference Coordination

In our previous contribution [18] on power setting we described in an informative text for TS 36.213 how the power setting for RS and control channel can be defined in two levels described by type 1 and type 2 resource blocks.
This text is repeated here:
Text proposal informative
Regarding the subcarriers power of pilot and control channel a possible formulation in TS36.213 could be: 

36.213

----------- (section 5.2)

Type 1 (Power unrestricted) RBs corresponds to resource blocks for which the transmit energy of the resource elements is under the control of the eNode B.

Type 2 (Power restricted RBs) correspond to resource blocks for which the maximum transmit energy of the resource elements is provided by higher layers.

-----------------

-------------- (section 5.2.1)

The UE is informed about the location of type 1 (power unrestricted) and type 2 (power restricted) RBs in the time frequency grid via higher layer signalling. The UE may assume that the transmit energy of resource elements belonging to type 1 RBs is constant and that the transmit energy of resource elements belonging to type 2 RBs is also constant but equal to a lower value than that of type 1 RBs.

-----------------

36.211

--------------(section 5.2 )----------

For interference co-ordination purposes, type 1 (power restricted) and type 2 (power unrestricted) resource blocks are defined.

----------------

-------------- (section 5.x)

The resource elements to which a given PDCCH may be mapped can belong to type 1 and type 2 resource blocks.

------------------

- End of Text proposal informative
All the type 2 physical resource blocks (PRBs) in a cell belong to the Frequency Subsets (FS) used with power restriction for Inter-cell Interference Coordination in that cell.

Power restrictions of the RS in certain physical resource blocks might be needed to be known in the UE for higher quality channel estimation. Here it is now described how this power restrictions or frequency subsets can be signalled to the UE on the dynamic BCH.

Text proposal informative

For bandwidth of 5 MHz and above a fixed number (8) frequency diverse subsets are defined in line with the Resource Allocation definition in the L1/L2 control channel (be addressable in one allocation to a UE). These frequency subsets (FS) are used for ICIC.

Then it is signalled via higher layer signalling (e.g. D-BCH) to the UE by a bit map (8bit) which of the frequency subsets are restricted in the serving cell. Further the power level for these restrictions relative to the average power is signalled in one scalar value (3 bit) also to the UE.

These values are changing only semi-statically.

- End of Text proposal informative
6. Gain in IFCo DL scheduling for diverse allocations

For a 10 MHz DL bandwidth the following Figure 4 shows the 5%ile against sector throughput for frequency diverse allocation. 
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Figure 4: 5%il user throughput against sector throughput for Interference Coordination and No Interference Coordination with diverse allocation.

The case of no interference coordination and with interference coordination is depicted. For both cases the scheduler guarantees a minimum terminal bitrate and then tries to maximise the sector throughput. It can be seed that for high 5%ils which is the goal for VoIP scheduling, sector throughput or capacity gains of up to 35% can be achieved which is an important merit of IFCO scheduling. As can be seen in Figure 5 form the fairness curves, the fairness criterions are also achieved with high terminal throughput or 5%ils. For very fair scheduling a gain in sector throughut as well as 5%il user throughput can be realized.
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Figure 5: Fairness curves for Interference Coordination and No Interference Coordination scheduling.

7. Conclusion

Interference Coordination benefits are obtained by scheduling UEs on preferred frequencies depending on the UE’s nearest neighbour cell. 

The characteristics of VoIP or persistent scheduling have been reviewed showing that frequency diverse persistent allocations are used with only pathloss and shadowing measurements available for the scheduling decision. VoIP scheduling has thus been identified as almost an ideal application for Interference Coordination scheduling.

In case of small payloads in downlink distributed virtual resource blocks (DVRBs) are frequently proposed for VoIP scheduling. Thus, conclusions have been derived for the definition or the mapping between PRBs and DVRBs in order to obtain these Interference Coordination benefits. This definition also depends on the L1/L2 control channel design. Assuming our proposal for resource allocation signalling in the L1/L2 control channel a solution for 5 MHz and 10 MHz has been worked out and exemplified.

The frequency subsets used with restricted power also contain RS and control channel. Knowledge of the RS reduced power may be needed also in the UE for channel estimation purposes. It has thus been proposed how this restricted frequency subsets can be signalled to the UE in a short description.

The gains for Interference Coordination using diverse allocations have been reconfirmed and shown in simulation results for 10 MHz.

So we propose to follow in downlink the derived rules for the DVRB definition, to exploit the gains by Interference Coordination scheduling for VoIP or persistent scheduling.
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