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1. Introduction

In this contribution we discuss various aspects related to the Rel-11 WI on Further Enhanced Non-CA Based ICIC for LTE. In particular, we discuss standardization aspects of operating FeICIC with low power ABS (LP-ABS), as compared to the traditional Rel-10 case where the aim was to have zero power in ABS for data transmission (PDSCH). We first summarize the current understanding of traditional Rel-10 ABS and Rel-11 LP-ABS. Secondly, we discuss further implications of introducing LP-ABS, and especially what it requires in terms of additional eNB-2-UE signalling (RAN2), X2 signalling (RAN3), as well as influence on eNB RF requirements and tests (RAN4). The contribution is closed with summary and concluding remarks in Section 4.
2. Summary of Rel-10 definition of ABS
The definition of ABS as agreed for LTE Rel-10 eICIC is summarized below. Here the common understanding is that a cell having ABS transmission does not schedule data transmission for its users in the downlink. 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 allowed.
· 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
However, as quoted below, the ABS definition in TS 36.300 is a bit more relaxed and does in principle not prevent scheduling of data transmission to users with reduced power during ABS.
· Text from TS 36.300 on ABS definition (according to RAN2 decisions):
· Almost blank subframes (ABS) are subframes with reduced transmit power (including no transmission) on some physical channels and/or reduced activity. The eNB ensures backwards compatibility towards UEs by transmitting necessary control channels and physical signals as well as System Information. 
3. Standardization impact from introducing LP-ABS
Although the concept of reduced transmit power ABS was widely addressed at RAN1#67, no conclusion was reached on the exact definition of such a scheme, as well as what it requires in terms of standardization. However, there seems to be general consensus that during low power ABS (LP-ABS), the cell still schedules users in the downlink, but with reduced power for data transimssion. However, the CRS will still have to be transmitted with full power to avoid time-variant CRS transmission power fluctuations depending on whether the cell is transmitting normal subframe or LP-ABS. The avoidance of CRS fluctuations is needed to maintain the UE measurement performance.
Proposal #1: Low power ABS (LP-ABS) is defined as follows:
· CRS is transmitted constant power – same in LP-ABS and in normal subframes
· PDSCH, PDCCH, PCHICH, PCFICH, DM-RS, CSI-RS is transmitted with reduced power in LP-ABS. 
· If PSS/SSS/PBCH/SIB1/Paging/PRS coincide with an LP-ABS, they are transmitted in the LP-ABS without power reduction (with associated PDCCH when the SIB1/Paging is transmitted) 
· The power reduction is semi-statically configured for all LP-ABS (relative to normal subframe transmission).
Given the above proposal for LP-ABS, additional eNB-2-UE signaling is required (as compared to Rel-10) to have fully working solution in Rel-11 for LP-ABS.

Proposal #2: For cases with CRS based demodulation, two different power offsets for PDSCH-2-CRS shall be signaled to the UE; one power offset for normal subframes and one power offset for LP-ABS. Secondly, the UE would need to be informed in which subframes the eNB use LP-ABS. Thus, this calls for additional work for RAN WG2 to define such signaling for Rel-11 terminals. As the LP-ABS pattern at the macro-eNBs can be dynamically updated, it is required that macro-UEs can also be informed whenever there is a new LP-ABS pattern taken into use.
For transmission modes (TM) with DM-RS demodulation, we can assume the same power reduction for DM-RS and PDSCH, so here there is in principle no need for additional signaling, i.e. relevant for TM 7, 8, and 9. However, demodulation of physical layer control channels like PDCCH, PCHICH, etc are based on CRS, so here the performance impact shall be checked for LP-ABS. 
Further, it should be considered which impact the lowering of transmit power on the PHICH will have to the system performance. In case there are pending retransmissions for UEs that have been scheduled for UL transmissions, these will be listening for the PHICH, which in turn might be difficult to detect due to low transmit power of both PCFICH and PHICH. Hence, there may be challenges for previously scheduled users with UL data.

Proposal #3: The impact on system performance from lowering the PHICH transmission power in LP-ABS shall be further studied. Similarly, performance of PCFICH shall also be validated.
The allowed power reduction for LP-ABS will also have to be further studied and agreed. Here it is important to take eNB RF requirements into account, and to consult for RAN WG4 for further guidance [4]. Thus, we propose the following:
Proposal #4: Value for the maximum tolerable power reduction for LP-ABS (relative to normal subframe) shall be further studied, including the possible values of power reductions that can be used, and signalled to UEs. Reaching a conclusion on realistic values of the power reduction and the corresponding impact on eNB RF requirements & tests requires guidance from RAN WG4.  
Moreover, efficient use of LP-ABS may also benefit from additional information exchange between macro and pico, as compared to what is already standardized in Rel-10 for the X2 interface. Recall that Rel-10 already include exchange of information such as ABS information, ABS status, and Invoke over the X2 to facilitate coordinated adjust of ABS muting patterns to optimize the overall system performance. However, with the introduction of LP-ABS, it could be beneficial to e.g. also informing the LP-ABS power reduction when sending ABS information. Secondly, as the pico eNB is in the best position to judge if higher or lower LP-ABS power reduction would be needed, it could be beneficial to also allow the pico to suggest values for the LP-ABS power reduction to the macro.

Proposal #5: The introduction of LP-ABS may likely call for additional information exchange between macro and pico to have distributed mechanism for optimal configuration of LP-ABS muting pattern. Thus, we propose to have further studied potential updates of X2 signaling to fully support the use of LP-ABS, i.e. RAN WG3 topic.  
Relevance of UE CRC IC:

As stated in Proposal #1, it is assumed that CRS is transmitted with same power level in normal subframes and LP-ABS. This essentially means that a victim UE experiencing interference from LP-ABS will be subject to relative high CRS interference as there is no power reduction for CRS. Thus, UE CRS IC is still considered to be beneficial also for cases where FeICIC is operated with LP-ABS. The latter was also concluded in several other contributions from RAN1#67.
4. Discussions and concluding remarks

As discussed in Section 3, the introduction of LP-ABS in Rel-11 has several implications, and requires additional standardization work in all RAN working groups to be fully supported. The former is summarized in the following proposals:

Proposal #1: Low power ABS (LP-ABS) is defined as follows:
· CRS is transmitted constant power – same in LP-ABS and in normal subframes
· PDSCH, PDCCH, PCHICH, PCFICH, DM-RS, CSI-RS is transmitted with reduced power in LP-ABS. 

· If PSS/SSS/PBCH/SIB1/Paging/PRS coincide with an LP-ABS, they are transmitted in the LP-ABS without power reduction (with associated PDCCH when the SIB1/Paging is transmitted) 

· The power reduction is semi-statically configured for all LP-ABS (relative to normal subframe transmission).
Proposal #2: For cases with CRS based demodulation, two different power offsets for PDSCH-2-CRS shall be signaled to the UE; one power offset for normal subframes and one power offset for LP-ABS. Secondly, the UE would need to be informed in which subframes the eNB use LP-ABS. Thus, this calls for additional work for RAN WG2 to define such signaling for Rel-11 terminals. As the LP-ABS pattern at the macro-eNBs can be dynamically updated, it is required that macro-UEs can also be informed whenever there is a new LP-ABS pattern taken into use.
Proposal #3: The impact on system performance from lowering the PHICH transmission power in LP-ABS shall be further studied. Similarly, performance of PCFICH shall also be validated.
Proposal #4: Value for the maximum tolerable power reduction for LP-ABS (relative to normal subframe) shall be further studied, including the possible values of power reductions that can be used, and signalled to UEs. Reaching a conclusion on realistic values of the power reduction and the corresponding impact on eNB RF requirements & tests requires guidance from RAN WG4.
Proposal #5: The introduction of LP-ABS may likely call for additional information exchange between macro and pico to have distributed mechanism for optimal configuration of LP-ABS muting pattern. Thus, we propose to have further studied potential updates of X2 signaling to fully support the use of LP-ABS, i.e. RAN WG3 topic.   

Given all these considerations, our overall conclusion and recommendation can be summarized as follows:

· The introduction of LP-ABS mode in Rel-11 brings additional flexibility for optimizing the system under different conditions, enabling second order optimizations. But, LP-ABS also has a “cost” in terms of additional standardization for several RAN working groups and more options as summarized in Proposals 1-5. Especially the feedback and recommendations from RAN4 shall be further considered to reach agreement on what realistic values of the LP-ABS power reduction equals.  
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