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1. Introduction

In Rel-10, Macro cell downlink communication would suffer from co-existing Femto/Pico eNB which supports indoor/outdoor high data rate area or hot spot zone. To protect Macro downlink transmission from the Femto eNB’s aggression, in RAN 1 #62 meeting, we agreed that power setting and time domain solution should be used at Femto eNB, and we made certain common understanding on TDM solutions [1].

The TDM solution would be built by designing ABS pattern at Femto cell. By using ABS pattern, Macro UE will measure large variations on SINR at each subframe, and this could affect RLM/RRM/CSI measurement. Thus, we need to restrict Macro UE RLM/RRM/CSI measurements according to ABS pattern in Femto cell. However, since X2 interface does not exist between Macro eNB and Femto eNB, the ABS pattern cannot be shared between Macro and Femto dynamically. That explains why the ABS pattern should be static or invalid [2], and we suggest a set of ABS patterns which will be statically selected by Femto eNB according to the paging pattern in overlapping Macro cell. 
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Figure 1. Downlink interference scenario for co-channel deployment case with macro and CSG HeNB

2. Requirement for ABS pattern design 

The ABS pattern will be designed for a duration of 40ms in FDD [3], and the pattern should protect Macro cell PSS/SSS, PBCH and PHICH. And it should also guarantee that the same signals(PSS/SSS) and the same channels (PBCH, PHICH) of Femto eNB can be delivered at the proper subframe. The agreements are as following [4].
· Protecting PSS/SSS & PBCH
· Protecting UL grant and PHICH transmission (for UL HARQ timing)
· Protecting SI messages and paging messages

· subframe offset

· Considering appropriate subframe offset to prevent collision of necessary control informations is an important factor.
· MBSFN or ABS in Femto

· MBSFN or ABS can be configured for ICI management

· For Interference free area in victim cell, subframe in aggressor cell can be configured MBSFN or ABS. 

2.1 Protection of PBCH and synchronization signals
PSS/SSS and PBCH protection is one of the most important issues in ABS pattern design. To avoid the collision of PBCH and PSS/SSS, subframe offset will be applied between Macro and Femto. For further protection, ABS can be configured at Femto according to the Macro’s subframe delivering PSS/SSS or PBCH. In other way, since PBCH and PSS/SSS are loaded only on the middle 6 RB’s in subframe 0 and 5, just puncturing the overlapped resource would be valuable [5]. 

2.2 Protection of UL grant and PHICH transmissions
Since synchronous HARQ should be supported at Macro/Femto uplink, PHICH could be transmitted at every 8ms after UL grant till the Ack is received. Thus, it is preferable to configure normal subframes which can deliver PHICH for every 8ms in Femto, and it is also recommended to configure ABS per 8ms to protect Macro’s PHICH. Since ABS should be configured to protect Macro’s PHICH, as Macro cell wants to schedule more UL grant to the victim MUE, the more ABS should be configured, and we need to make some assumption or restriction at victim MUE’s UL grant reception for ABS pattern design. 
2.3 Protection of SIB-1 and Paging channel

SIB-1 transmission occurs in 5th subframe for even SFNs and the cell specific paging can be delivered on {9}, {4, 9} or {0, 4, 5, 9} subframes [6]. 2 or 3 subframe offsets are appropriate to avoid Paging/SIB/PBCH/PSS/SSS collision between Macro and Femto. To avoid interference to Macro from Femto, ABS pattern in Femto can be designed according to either maximum PO {0, 4, 5, 9} in Macro or it can be designed according to overlapping Macro cell’s paging pattern. It should be noted that the ABS pattern is still static even when Femto eNB selects ABS pattern according to the Macro’s paging pattern, and the latter would be a better solution than designing just one ABS pattern since the configuration of ABS/MBSFN can be minimized.
2.4 Subframe offset

As mentioned in section 2.1 and 2.3 subframe offset will be applied to avoid the collision between Macro PSS/SSS and Femto PSS/SSS or the collision between paging/SIB. Two or three offset is appropriate as explained in 2.3 and different subframe offset could be assigned according to the paging pattern of overlapping Macro cell. 
2.5 MBSFN or ABS   
MBSFN has some good properties for ICI management, and in some case, MBSFN can be configured in HetNet as ABS. There are some agreements defining the interpretation of MBSFN and ABS [2].
MBSFN/ABS interpretation

· UEs can assume the following : 

· All ABSs carry CRS
· If PSS/SSS/PBCH/SIB1/Paging/PRS coincide with an ABS, they are transmitted in the ABS ( with associated PDCCH when they SIB1/Paging is transmitted)

· Needed for legacy support

· CSI-RS transmission on ABS is FFS

· No other signals are transmitted in ABSs
· If ABS coincides with MBSFN subframe not carrying any signal in data region, CRS is not present in data region
· MBSFN subframe carrying signal in data region shall not be configured as ABS
Beside the agreement, it should be noticed that MBSFN cannot be configured for the #0, #4, #5, #9 subframe of Femto downlink since PSS/SSS/PBCH/SIB1 should be transmitted via these subframes.

3. Macro PO specific ABS pattern
As mentioned above, Femto DL transmission is tightly limited by Macro’s paging and victim MUE’s UL grant. Even with the least UL grant assignment for the victim MUE, the frequent paging at Macro eNB can cause serious damage on Femto DL [5]. In [5], it is shown that the UL grant in Femto would be just impossible for Macro’s paging pattern {0, 4, 5, 9}.
We suggest to build several ABS patterns which can be selected at Femto according to overlapping Macro’s paging pattern. Since the ABS pattern would be chosen according to Macro’s paging pattern, Macro can notice Femto’s ABS pattern without any cooperation with Femto, and all the Femto eNB within the same Macro would share the same ABS pattern. We assume that the Femto downlink transmission is robust, and the following assumptions are made for ABS pattern design.

· Femto paging occurs only at 9th subframe 

· Femto will not request frequent HARQ retransmission at uplink

· In case 2 and 3 only, Number of max UL HARQ restrict to 3 times through RRC signaling
· Femto cell in case 3, UL HARQ can not occur properly due to increase ABS/MBSFN subframes in Femto to protect paging occasions in subframe {0, 4, 5, 9} of Macro cell. So inevitably corresponding subframe where subframe #5 of odd frames in Macro being the least affected by the interference must be configured normal subframe to protect UL HARQ in Femto. Of course, middle RBs do not scheduling.  
Figure 2 shows the suggestion of 40ms DL configurations for the three cases where the Macro transmits paging with PO( {9} or {4, 9} or {0, 4, 5, 9} ). The design rules are as following.
· Two different values will be applied for subframe offset.
· When the Macro eNB transmits paging at {9} or {4, 9} subframe, we suggest to set the subframe offset to be 3. We observed that with offset 3, Femto eNB can configure normal subframe more often, and Femto cell can also have more chance to use MBSFN instead of ABS. It should be pointed out that MBSFN has better properties on Macro signal/channel protection than ABS [5], Though offset 3 can support proper ABS pattern for the case 1 and case 2, it has been shown that the offset value 3 cannot be applied for the case 3 since Femto eNB do not have any chance to deliver UL grant with offset 3 [5], and we suggest that offset value 2 will be used only for the case when the overlapping Macro send paging at {0, 4, 5, 9}.
· For further study, the expectation on Macro cell’s load can be considered for ABS pattern design 
· The basis ABS pattern with offset selection is shown in figure 2. In figure 2, as in [5], the least UL grant is assumed for victim MUE. Though the ‘least UL grant’ would be a reasonable assumption, since Macro would serve more UEs than Femto, to guarantee Macro’s UL performance, more frequent UL grant transmission could be considered for ABS pattern design. Figure 3 shows some examples of such ABS pattern design. By applying this method in each case, without collision at necessary control information(PSS/SSS, PBCH, SIB, Paging, etc.) and  PHICH/UL grant timing, 35%~77.5% normal subframe can be configured at Femto cell. In other words, 22.5%~65% interference-free subframe can be configured at Macro cell. 
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Figure 2. . Suggested pattern & possible position of Macro/Femto UL grant / PHICH 
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Figure 3. In case 3, example of ABS patterns supporting heavy Macro cell’s load
4. Conclusion
We suggest ABS patterns which can be selected by Femto eNB according to overlapping Macro’s paging pattern. 
Proposal : 40ms FDD configuration in macro-femto deployments according to figure 2

· Subframe offset can be selected between 2 and 3 according to Macro cell’s paging pattern
· Femto paging occurs only at 9th subframe 
· Both DL/UL HARQ transmission of Femto should be guaranteed. 
The suggested pattern can 

· Configure more frequent UL grant both at Femto cell and Macro cell 

· Pattern guarantees UL grant at least once in Macro and twice in Femto.
· Configure various static pattern according to Macro/Femto’s load 
· 35%~77.5% normal subframe can be configured at Femto cell.
References

[1] R1-105082, Way Forward on eICIC for non-CA based HetNets
[2] R1-105592, Specification impact of time-domain/power-setting solutions, Qualcomm
[3] R1-105779, Way Forward on time-domain extension of Rel-8/9 backhaul-based ICIC 
[4] R1-105442, “Views on eICIC Schemes for Rel-10”, DOCOMO
[5] R1-105337, “On Macro-Femto interference handling”, Ericsson 
[6] 3GPP TS 36.304, “User equipment procedures in idle mode”
































































































PAGE  
4

