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1 Background
In RAN1#68bis, the specification impact of the non-zero transmit power (NTP)-ABS was discussed. It was concluded that further study and evaluation are needed based on RAN4 feedback LS until the next meeting [1]. In this contribution, we present our views on the need of signalling support for NTP-ABS. 
2 Discussion
NTP-ABS can improve the system throughput of Macro cell in comparisons with no PDSCH transmission in an ABS. At the same time, Pico UE in the CRE region could be scheduled to receive data in the protected subframes aligned with NTP-ABS. The amount of the power reduction in NTP-ABS should be adjusted to have a good balance between Macro cell throughput and the interference suffered in Pico cell. A straightforward thought is that the power reduction is set as the value of CRE bias, in which case Pico CRE UE has similar interference environments as cell edge UE in a homogeneous network. Since the CRE bias value has been agreed to be up to 9dB, it is needed to see whether 9dB power reduction in NTP-ABS is supported. 

Besides some extra cases such as multiuser MIMO and four antenna ports transmit diversity, the ratio of PDSCH energy per resource element (EPRE) to CRS EPRE in an OFDM symbol without CRS is denoted by PA. It can be selected from set {-6, -4.77, -3, -1.77, 0, 1, 2, 3} (dB). 
It is stated in the LS reply [2] from RAN4 that

· The feasible power reduction in LP-ABS that RAN4 can guarantee is following the current RE power control dynamic range requirements with the MCS restriction (i.e. the maximum power reduction for LP-ABS support is 6dB for QPSK PDSCH/PDCCH or 3dB for 16QAM PDSCH. No power reduction is allowed for 64QAM PDSCH.) 
· Further power reduction can be considered on particular situation for vendor implementation. And necessary power back-off of BS which impacts the CRS TX power is needed to be considered as well depend on the implementation. Preliminary studies have shown that 9dB or more LP-ABS power reduction could require a power back-off using the assumptions stated above.  
Consider a Macro eNB having a good PA capability so that the error vector magnitude (EVM) requirement can be met even under a large reduction of PDSCH. Without extending the range of PA, the effectiveness of NTP-ABS is not fully exploited due to the limited range of -6dB. Thus, we have the proposal:

Proposal 1: The range of PA is extended to allow values below -6dB so that the effectiveness of NTP-ABS can be fully exploited for Macro eNBs with good PA capability.
For a Macro eNB with an average PA capability so that power reduction of PDSCH cannot be large, the interference to Pico CRE UE in NTP-ABS is still detrimental. In this case, the fractional frequency reuse (FFR) between Macro and Pico eNBs in NTP-ABS is beneficial. 
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 Macro cell and Pico cell CRE region is over the time domain. 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 Macro cell to use some radio resources in NTP-ABS so that the PRBs not occupied by Pico CRE UEs are not wasted.
It is desirable if Pico cell can give 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, 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 Macro cell to turn off in the resources used by 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, Macro eNB keeps normal power for PRBs unused by Pico and has zero power for PRBs used by Pico.  
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 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 Macro cell does not schedule users in these PRBs in NTP-ABS, then resources are separated. 
Proposal 2: RNTP is reused for the resource coordination between Macro and Pico CRE regions in NTP-ABS when the power reduction in NTP-ABS is not large enough due to the dynamic range constraint.
To enable Pico CRE UEs to perform RRM and CSI measurement in NTP-ABS, this resource usage information shall be also signalled to these UEs so that the measurements are performed on the correct resources, i.e. the PRBs in which they may be scheduled.

Proposal 3: The resource usage information is signaled to Pico CRE UEs so that the measurements are performed on the correct resources.
3 Conclusion

In this contribution, we presented our views on the need of signalling support for NTP-ABS. We had the following proposals:
Proposal 1: The range of PA is extended to allow values below -6dB so that the effectiveness of NTP-ABS can be fully exploited for Macro eNBs with good PA capability.
Proposal 2: RNTP is reused for the resource coordination between Macro and Pico CRE regions in NTP-ABS when the power reduction in NTP-ABS is not large enough due to the dynamic range constraint.

Proposal 3: The resource usage information is signaled to Pico CRE UEs so that the measurements are performed on the correct resources.
4 References
[1] Chairman notes of RAN1#68bis.

[2] R1-121871, “LS on BS implications due to LP-ABS for feICIC,”
RAN4, NTT DOCOMO.
[3] A. Gjendemsjoe, D. Gesbert, G. Oien and S. Kiani, “Binary power control for sum rate maximization over multiple interfering links,” IEEE Trans. Wireless Communications, August 2008.

1/3

