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1 Background
RAN1#67 had the following agreements for feICIC: 

· Reduced non-zero transmit power on DL unicast control and data transmissions in ABS is needed

· Detailed signaling is FFS

· Cell detection principles
· Network assistance to simplify UE implementation of cell detection for 9 dB (larger bias FFS) CRE bias

· Higher-layer signaling is utilized to aid the UE

· RAN1 continues discussion about the details of necessary specification changes

· Handling of CRS interference 
· RAN1 recommends RAN4 to consider UE performance requirements for UE Rx based techniques for DL control/data demodulation (PDCCH/PDSCH), UE measurements/reporting for 9 dB (larger bias FFS) CRE bias according to WID for colliding and non-colliding CRS scenarios ABS configurations

· Information on number of CRS ports of neighbor cell(s) is needed

· Information on which subframes in neighboring cell(s) the CRS is present (e.g. MBSFN configuration) is needed

· FFS the additional need for rate matching around CRS of neighbor cell(s) – also discussed in CoMP WI
In the agreements, the detailed signalling to support the reduced non-zero transmit power ABS is FFS. This contribution discusses the specification impacts of the NTP-ABS, where NTP-ABS is the abbreviation of ‘non-zero transmit power ABS’.
2 Discussion
According to the definition of Rel-10 ABS [5], if PSS/SSS/PBCH/SIB1/Paging/PRS coincide with an ABS, they are transmitted in the ABS (with associated PDCCH when SIB1/Paging is transmitted). No other signals are transmitted in an ABS. However, it is demonstrated in [6] that reduced (but non-zero) transmit power PDSCH transmissions in ABS, i.e. NTP-ABS, in the macro cell improves the system performance significantly in comparisons with no PDSCH transmission in ABS.
In LTE, the ratio of PDSCH energy per resource element (EPRE) to CRS EPRE among PDSCH resource elements for each OFDM symbol is denoted by A and B for an OFDM symbol w/o and w/ CRS, respectively. Details of the definitions of A and B are specified in [1]. For a UE to perform some operations, e.g. 16- and 64-QAM demodulation, values of A and B are needed. Higher-layer information elements (i.e. PDSCH-ConfigCommon and PDSCH-ConfigDedicated) [2] are used to specify the configurations.  

According to [1], the value of A is UE specific, and the ratio B/A is cell specific. The latter is determined by table lookup using the cell specific value PB (signalled by PDSCH-ConfigCommon) and the number of CRS antenna ports of the serving cell. With A and B/A, A and B are obtained straightforwardly. If the ratios of PDSCH EPRE to CRE EPRE in a normal subframe and a NTP-ABS are not the same, both ratios should be signalled to a UE. Let us use the subscripts ‘normal’ and ‘ABS’ to indicate the notations in a normal subframe and NTP-ABS, respectively. Both A,normal and A,ABS shall be signalled to a macro UE possibly be scheduled in both types of subframes. On the other hand, the ratio B,normal/A,normal and B,ABS/A,ABS can be kept the same. Thus, for a macro UE possibly be scheduled in both subframe types, in addition to the current information elements, higher layer signalling of A,ABS and an indicator for the type of each subframe (normal subframe or NTP-ABS) is needed. 
Proposal 1: Two additional higher-layer signalling to a macro UE possibly scheduled in both types of subframes: a) A,ABS and b) type indication of each subframe.
Consider the macro-pico HetNet deployment. It was agreed in RAN1#67 that the cell selection bias is up to 9 dB (larger bias FFS). This bias is based on the CRS power. In the following, we consider further signalling supports for NTP-ABS according to whether fractional frequency reuse (FFR) is adopted between macro and pico cells in NTP-ABS.

2.1 No FFR between macro and pico cells in NTP-ABS
Here we assume that there is no coordination between the macro and pico cells in the PRBs usage in a NTP-ABS. As there is no resource separation, the macro cell should reduce the transmit power to the scheduled macro UEs in a NTP-ABS so that the interference level to the pico CRE UEs is low enough. According to [1] and [2], for a UE in transmission mode 8 or 9 when UE-specific RSs are not present in the PRBs upon which the corresponding PDSCH is mapped or in transmission modes 1 – 7, the UE may assume that for 16 QAM, 64 QAM, spatial multiplexing with more than one layer or for PDSCH transmissions associated with the multi-user MIMO transmission scheme, A is equal to {-6, -4.77, -3, -1.77, 0, 1, 2, 3} dB if MU-MIMO or SFBC-FSTD transmit diversity is not used. For MU-MIMO, an additional 3 dB may be subtracted from A; for SFBC-FSTD, 3 dB is added on A. Consider an extreme scenario (the difference of the CRS powers from the two cells reaches the maximum) that a pico UE in the CRE region receiving CRS power x dBm and x+9 dBm from pico and macro eNBs, respectively. As there is no FFR between macro and pico cells, it is possible that the CRE pico UE is scheduled in the same radio resources as a macro UE. Let A,ABS,m and A,p denote the ratio of PDSCH EPRE to CRS EPRE in an OFDM symbol w/o CRS for the co-channeled macro and pico UEs, respectively. (Note that macro UEs are signalled with an additional A,ABS, and pico UEs are not; thus the subscript ‘ABS’ applies only to the macro cell notation.) The pico UE receives PDSCH powers x+A,p and x+9+A,ABS,m [dBm] from pico and macro eNBs, respectively, in OFDM symbols w/o CRS. For REs having PDSCHs from both cells, the pico UE has a SIR of (A,p–A,ABS,m–9) dB, which is at most 0 dB according to [2], i.e. when A,p=and A,ABS,m=–6. To prevent from the low SIR value when the cell selection bias is large, one way is to impose constraints on resource scheduling (e.g. transmission mode 8/9 with UE-specific RSs present in the PRBs does not require A). However, this scheduling constraint is not desirable, and we have the following proposal:
Proposal 2: The values of A,ABS are specified such that the SIR is acceptable for a CRE pico UE scheduled in NTP-ABS and co-channeled with a macro UE under the 9 dB cell selection bias value, when no FFR is adopted between macro and pico cells.
2.2 FFR employed between macro and pico cells in NTP-ABS
FFR is an effective ICIC tool. Consider two examples of a cellular system with two cells with one active user per cell. In the first example, each user is located near its respective eNB; in the second example, the users are located close to the edge of their respective cells. It is shown in [3] that the optimal power allocation for maximum capacity for the two examples is that either both eNBs should be operating at maximum power in a given RB (for the first example), or one of them should be turned off completely in that RB (for the second example). This result can be exploited in the eNB scheduler by using FFR, where the resource separation of the edges of the two cells is done in the frequency domain.
The design of Rel-10 ABS fulfils the philosophy of [3], but the resource separation between the macro cell and the pico cell CRE region is over the time domain. However, this resource separation in Rel-10 ABS may not be efficient. If the radio resources required by pico CRE UEs are less than the resources provided by ABS, the extra resources are wasted. As the arrangement of ABS should follow some constraints such as the operation of HARQ, it is difficult to fully match the supply with the demand. The NTP-ABS allows the macro cell to use some radio resources in an ABS so that the PRBs not occupied by pico CRE UEs are not wasted.
It is desirable if the pico cell can give the macro cell the information regarding the required radio resources e.g. the indices of PRBs for which pico CRE UEs will be scheduled in NTP-ABS. With this information, the macro cell avoids scheduling its users in these PRBs in NTP-ABS so that resource separation between two cells is possible. This resource usage information enables the realization of the finding in [3], i.e. the macro cell should turn off in the resources used by the pico CRE UEs to achieve the maximum capacity. It is the pico cell that controls the PRBs usage. The macro cell reduces the transmit power in the control region of NTP-ABS; for the data region, the macro eNB has zero power (or very small power) for PRBs used by the pico and normal power for PRBs unused by the pico.  
In the current specifications [1] and [4], the Relative Narrowband Transmit Power (RNTP) indicator can be exchanged between eNBs over the X2 interface. This RNTP may be re-used for the purpose of the pico cell resource usage indication in NTP-ABS. For example, as the CRE region is in the outer of the cell and a higher transmit power is needed, the PRBs corresponding to ‘1’ in RNTP is used to serve CRE UEs (no upper limitation for transmit power for these PRBs). If the macro cell does not schedule users in these PRBs in NTP-ABS, then resources are separated. However, to have successful resource separation, it requires that both macro and pico eNBs have the same understanding that the PRBs corresponding to ‘1’ in RNTP will be used to serve pico CRE UEs. As the implementations of RNTP for this use may be vendors dependent, it is suggested that a new bitmap is specified for this purpose. This bitmap is sent by a pico eNB, where each bit corresponds to one PRB in the frequency domain and is used to inform the macro eNB if the PRB is to be scheduled to pico CRE UEs in a NTP-ABS. 
Proposal 3: A pico cell sends a bitmap to the macro cell to indicate the PRBs may be scheduled to CRE UEs in a NTP-ABS.
3 Conclusion

In this contribution, we investigated the signalling support for NTP-ABS. In particular, we separated the discussion into two scenarios of whether FFR is adopted between macro and pico cells in NTP-ABS. We had the following three proposals:
Proposal 1: Two additional higher-layer signalling to a macro UE possibly scheduled in both types of subframes: a) A,ABS and b) type indication of each subframe.
Proposal 2: The values of A,ABS are specified such that the SIR is acceptable for a CRE pico UE scheduled in NTP-ABS and co-channeled with a macro UE under the 9 dB cell selection bias value, when no FFR is adopted between macro and pico cells.
Proposal 3: A pico cell sends a bitmap to the macro cell to indicate the PRBs may be scheduled to CRE UEs in a NTP-ABS.
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