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1 Introduction

In RAN1 #62 meeting, it was decided that “Extend Rel 8/9 backhaul based ICIC to include time domain component”, and coordination of almost blank subframe is considered as a baseline in Macro-Pico deployments [1]. 
In this contribution, in order to understand the solution configured by almost blank subframe (ABS) clearly, the possible restrictions on the ABS configuration are discussed from the following aspects:
· Interference to the Pico cell from the Macro CRS 
· Impacts on UL HARQ
· Restriction on subframes with necessary control information
· Impacts on UE measurements
· Other factors considered in signalling design
According to the analysis on the factors, some possible proposals on the allocation duration of ABS subframe configuration, and associated X2 signaling bit string and Uu signalling bit string are present.
2 Discussion
2.1 Interference to the Pico cell from the Macro CRS
For the Pico UE’s data channels, the residual interference from Macro CRS will damage the performance greatly in Macro-Pico case with large cell selection/handover bias as investigated in [2] and [3]‎. A straightforward way is to configure the ABS as MBSFN simultaneously as shown in Fig.1.
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Fig.1. Reduce CRS interference by configuring ABS as MBSFN simultaneously
Alternatively for Rel.10 UEs, this loss might also be reduced by some possible solutions as follows, if Pico UE (PUE) knows the location of Macro CRS. However this would introduce the extra specification impact or increase the implementation complexity at UE side.
· Rate matching would be performed at the victim cell with the possible PDSCH RE muting in the location of the neighbouring cell’s CRS. 
· Data channel decoding would be executed at UE side with the possible PDSCH REs removed in the location of the neighbouring cell’s CRS.
For the PUE’s control channels such as PCFICH/PHICH//PDCCH, the interference introduced by Macro’s CRS can be alleviated by the similar way or some other possible solutions as discussed in [4].  The possible specification impact or the implementation complexity at UE should also be considered.

In addition, considering the existing RAN4 PDSCH test case is mainly based on the point-to-point link level simulation and the interference is modelled as AWGN, thus if the residual CRS interference to PDSCH exists, both the new interference model and the different improved receiver algorithms under interference might be needed for this test case and consequently it might need a long time to obtain a consensus on the working assumptions and align the simulation results in RAN4. From this aspect, configuring ABS as MBSFN may introduce less impact on RAN4. 
Observation 1: Interference to the Pico cell from the Macro CRS should be considered to guarantee the performance and induce possible less impact on RAN4. Configuring ABS as MBSFN simultaneously is a possible way to deal with these issues.
2.2 Impacts on UL HARQ
UL HARQ is synchronous, which means the PDCCH (UL grant), PUSCH, PHICH and PUSCH retransmission should follow the timing given in Fig.2. 
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Fig.2. UL HARQ timing: (a) FDD, (b) TDD Configuration 1
For example in FDD system (Fig.2(a)), if Macro configures its subframe n as ABS, Pico will transmit PDCCH including UL grant to schedule the PUE interfered seriously by the Macro, thanks to the less interference suffered in this subframe. Then PUE will transmit PUSCH on UL subframe n+4, and expect PHICH on DL subframe n+8 and retransmit PUSCH possibly on UL subframe n+12.

According to the above process, if ABS is configured very flexibly, the PHICH of PUE may be interfered by the Macro seriously. That is, if subframe 0 is configured as ABS and subframe 8 is not configured as ABS, the expected PHICH transmitted on subframe 8 associated with the scheduling PUSCH on subframe 4 for the PUE will be polluted by the Macro. If this PUE miss-detects ACK as NACK, the PUSCH retransmitted by this PUE maybe collide with another PUSCH scheduled by the Pico on subframe 12. On the other side, if PUE miss-detects NACK to ACK, the PUSCH to be retransmitted will be missed. If the Pico cell could re-schedule this missed PUSCH at another coordinated subframe, in order to avoid the same issue as above occur again, the configuration of the coordinated subframe should also take the UL HARQ into account. 
Furthermore as depicted in Fig.2, since the HARQ timing relationship is different for FDD and TDD system, if the UL HARQ timing needs to be considered in the ABS configuration to guarantee the reliability of victim PHICH and less impact on UL HARQ in FDD and TDD system, 40ms duration for ABS configuration would be preferred since this value is the lowest common multiple of 8ms (the UL HARQ timing for FDD) and 10ms (the UL HARQ timing for TDD in most configurations) in order to guarantee the commonality of FDD and TDD.

Observation 2: Considering the reliability of victim PHICH, the configuration of almost blank subframe in the macro cell should take into account the impact to the pico cell UL HARQ in FDD and TDD.
2.3 Restriction on subframes with necessary control information
Necessary control information includes [5]:

· PSS/SSS transmission occurs in subframe 0 and 5 (FDD) and 0, 1, 5 and 6 (TDD)

· PBCH transmission occurs in subframe 0

· PDCCH transmissions are masked with P-RNTI, and may occur only in subframes configured for paging (subframes 0, 4, 5 and 9 for FDD, and subframes 0, 1, 5 and 6 for TDD), and 

· PDCCH transmissions are masked with SI-RNTI, and occur only in subframe 5 in even SFNs
From discussions in previous meetings, network synchronization between Macro and Pico should be a basic assumption to do eICIC. In addition the synchronization should be radio frame level in TDD systems, to further guarantee the commonality of FDD and TDD, the radio frame synchronization may also be satisfied in FDD.  Thus the common channels of Pico including PSS/SSS and PBCH in both TDD and FDD will be interfered by Macro’s inevitably. Furthermore, if ABS can be configured in such subframes, the necessary control information of Macro cell may be present, e.g. downlink scheduling for Paging, SI transmission and PCFICH. Therefore, the control/data channel performance of the victim UEs would be degraded more if scheduled in the coordinated subframes corresponding to subframes 0, 4, 5, 9 for FDD (0, 1, 5, 6 for TDD) of the aggressor cell, since the extra interference is suffered by those UEs from the necessary control channels and data channels other than CRS in the aggressor.

If there is no extra information about the resource allocation in such subframes, the muting method in [6] and [7] may be feasible to protect the necessary control information transmission in victim cell, which could be a common solution for TDD and FDD. 

In summary, though configuring ABS in subframes 0, 4, 5, 9 for FDD (0, 1, 5, 6 for TDD) may bring some flexibility, while at the same time, the necessary control information (PSS/SSS, PBCH, Paging, SIB, etc.) would still be present in such subframes and accordingly the interference between such channels with necessary control information in Macro and Pico would still need to be dealt with.
Observation 3: Though configuring ABS in subframes 0, 4, 5, 9 for FDD (0, 1, 5, 6 for TDD) may bring some flexibility, it could not help to solve the interference between channels with necessary control information in Macro and Pico.
2.4 Impacts on UE measurements
To get accurate measurement results, Pico would restrict RLM/RRM/CSI measurements at the interfered Rel-10 UE to certain resources [1]. 

When Pico notifies PUE that the measurements should be based on CSI-RS, only those subframes, on which Pico CSI-RS exists and ABS are configured by Macro simultaneously, can be regarded as valid measurement resource by PUE. However this would extend the measurement period of PUE as shown in Fig.3.
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Fig.3. Valid PUE measurement resources
In Fig.3, Pico may configure the period of CSI-RS as 5ms, which is the shortest period, and the subframe offset as 3. Then Pico CSI-RS will appear on subframe 3, 8, 13, 18, 23, 28, 33, 38, …... At the same time Macro may configure subframe 3, 11, 19, 27, 35, ……as ABS just following the HARQ timing, as discussed in section 2.2. From this figure, it can be seen that to get the accurate measurement results, only subframe 3 in a 40ms period is valid measurement resource of Pico cell edge UE. That means the measurement period of Pico cell edge UE is extended to 40ms, which might be not proper for those PUEs undergoing fast fading channels.
One possible way is to define 4ms period for CSI-RS to be consistent with HARQ timing, however this would not be feasible for TDD system because the DL subframe configuration in TDD could not follow this 4ms duration always. From this aspect it is not a FDD/TDD common solution for CSI-RS setting. In addition, the 4ms period for CSI-RS configuration would inevitably cause the possible collision with PSS/SSS, PBCH, paging and SIB1.
Another way is changed to use CRS since CRS could be configured on every subframe and the measurement based on CRS could follow the UL HARQ timing. At RAN1#57, it was agreed that [8] “for the configured CSI measurement the UE measures either on Rel-8 CRS or on Rel-10 CSI-RS for the given cell”. Thus those PUEs interfered heavily by Macro and undergoing fast fading channels can use CRS for measurements. However this would introduce the extra specification impact since it is necessary for the Pico cell to inform the UE when to trigger the measurement based on CRS rather than CSI-RS.
In summary, for the case that the measurement is based on CSI-RS, whether the possible long measurment period for CSI-RS could be accepted should be considered and the possible solutions to support the measurement for UEs experiencing fast fading channels should also be studied.
Observation 4: For the measurement based on CSI-RS, the configuration of almost blank subframe from Pico node to PUEs should take the CSI-RS into account.
2.5 Other factors considered in signalling design

Some other factors should also be taken into account when designing the signalling for eICIC as follows:
· For X2 signalling, the receiver node should unambiguously know the start time of the allocation duration for the coordinated subframes. If this information is not available, the receiver node would mistake the start time of the coordination for eICIC and as a result the validity of interference coordination would be affected seriously. 

· X2 signalling to support the almost blank subframe configuration could be optional since:
· Considering “Extend Rel 8/9 backhaul based ICIC to include time domain component”, the X2 signalling could be appended in the existing HII which is mainly for ICIC in frequency domain. However due to the possible longer update period for time domain versus frequency domain, it is not necessary to always append X2 signalling in HII signalling.
· As decided in the previous meeting, when no RE or small bias RE is used in Macro-Pico deployments, all control channels could work well and no eICIC is needed. In this case, it seems that there is no requirement for transfer this signalling.

· For Uu signalling to support the resource-specific measurement, two options could be considered:
· Option 1: If the receiver node informs the measurement occasion directly to UEs, to support more flexibility on measurement by UE-specific signalling, the signalling design and the corresponding number of bits for the  Uu measurement could be different than X2 signalling to support the almost blank subframe configuration.
· Option 2: If the receiver node forwards the signalling carried on X2 to UE directly, then the number of bits to support Uu signalling could be as the same as the one carried on X2. 
· For both X2 and Uu signalling, FDD/TDD commonality should be taken into account.

· For both X2 and Uu signalling, the number of bits may be reduced if there is no loss in subframe allocation flexibility and efficiency.

3 Possible Proposals
According to the above analysis on the factors which would impact the signalling design of ABS configuration, some possible proposals could be obtained:

· For the allocation duration of ABS subframe configuration, 40ms duration is preferred mainly considering the impact to UL HARQ in both FDD and TDD, the valid CRS/CSI-RS resources to be measured, and the start time of allocation duration to be easily aligned.
· For X2 signaling bit string to indicate the ABS configuration, 
· Option 1 is to configure ABS only in MBSFN subframes in order to eliminate the heavy interference from CRS to the data channel and reduce the impact to RAN4. 
· Option 2 is to configure ABS any subframe with some principles such as FDD/TDD commonality, considering the impact to UL HARQ and etc.
· For Uu signalling bit string, 
· Option 1 is to inform UE directly about the resource-specific resources for measurement. 
· Option 2 is to forward the X2 signaling on coordinated subframes to UEs, and UEs could use this information to execute the measurements on these interference-free subframes. 
4 Conclusion
In this contribution, the restriction on the almost blank subframe configuration has been discussed. Based on the given analysis, it is observed that
· Observation 1: Interference to the Pico cell from the Macro CRS should be considered to guarantee the performance and induce possible less impact on RAN4. Configuring ABS as MBSFN simultaneously is a possible way to deal with these issues.
· Observation 2: Considering the reliability of victim PHICH, the configuration of almost blank subframe in the macro cell should take into account the impact to the pico cell UL HARQ in FDD and TDD.
· Observation 3: Though configuring ABS in subframes 0, 4, 5, 9 for FDD (0, 1, 5, 6 for TDD) may bring some flexibility, it could not help to solve the interference between channels with necessary control information in Macro and Pico
· Observation 4: For the measurement based on CSI-RS, the configuration of almost blank subframe from Pico node to PUEs should take the CSI-RS into account.
· Observation 5: Other factors should be considered in signalling design, such as unambiguous start time of the allocation duration, measurement occasion information, FDD/TDD commonality, and reduced number of bits with no loss in subframe allocation flexibility and efficiency, etc.  
According to the analysis on the factors, some possible proposals on the allocation duration of ABS subframe configuration, and associated X2 signaling bit string and Uu signalling bit string are present.
References 
[1] R1-105082, “Way Forward on eICIC for non-CA based HetNets”.

[2] R1-103458, “Analysis on the eICIC schemes for the control channels in HetNet”, Huawei.

[3] R1-104345, “Further analysis on time domain soutions in Het-Net”, CATT.

[4] R1-105149, “Analysis of control channel performance issue and possible solutions”, Huawei, HiSilicon.

[5] R1-105081, “Summary of the description of candidate eICIC solutions”, CMCC.

[6] R1-105285, “Power setting for common channels in heterogeneous networks”, Huawei, HiSilicon.

[7] R1-102673, “Assessment of Control Channel Interference Coordination in Co-channel Het-Net”, CATT.

[8] R1-092231, “Way Forward on CSI RS”.













































































_1346917401.vsd
13


NAK


19


23


NAK


29


33


NAK


39


43


NAK


49


53


9


59


PDCCH


UL grant


PUSCH


PHICH


PUSCH


PUSCH


PUSCH


PUSCH


PHICH


PHICH


PHICH


PHICH


retransmission


retransmission


retransmission


retransmission



_1347372269.vsd
�

control


CRS


data


Null


Macro


Pico


Configured as ABS and MBSFN


Configured as ABS



_1346916994.vsd
4


NAK


8


12


NAK


16


20


NAK


24


28


NAK


32


36


PDCCH


0


40


UL grant


PUSCH


PHICH


PUSCH


PUSCH


PUSCH


PUSCH


PHICH


PHICH


PHICH


PHICH


retransmission


retransmission


retransmission


retransmission



