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1 Introduction

The RAN1 LS [1] intends to inform RAN2 on the progress of feICIC WID [2] with the following agreements. 

	After discussions in RAN1#67, RAN1 would like to inform other WGs that it has concluded the following: 

· 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 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 CRE bias according to WID for colliding and non-colliding CRS scenarios with 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


RAN1 kindly asks RAN2 to take the RAN1 agreements above into account in their further work. In this contribution we present our views on the signalling information required for reduced power ABS eventhough there is ongoing work progress in RAN1.
2 Background
In Release 10, for intra-frequency non-CA based hetnet deployment involving macro cells and pico cells, the concept of so called “Almost Blank Subframe” (ABS) was introduced to enable TDM ICIC [3]. The aggressor cell employs ABS subframes to protect resources of victim cells for UEs in difficult radio conditions as shown in Figure 1. In the macro-pico scenario, the MeNB employs the ABS subframe so that UEs in the pico CRE region scheduled by the PeNB do not experience high interference. In Release 10, this was ensured without transmitting PDSCH for unicast data in ABS, while for backward compatibility the CRS, necessary control channels like paging and physical signals like PSS/SSS is transmitted in ABS. The ABS without PDSCH for unicast data is termed as zero power ABS (z-ABS) in the rest of the paper. For the purpose of radio resource management measurement resource restriction pattern were also introduced. These include a single serving cell pattern (RLM/RRM), a single neighbour cell pattern (RRM) and two subsets of CSI patterns for scheduling flexibility. 
According to [3], “Almost blank subframes are subframes with reduced transmit power (including no transmission) on some physical channels and/or reduced activity”. This definition of ABS is not retrict in terms of transmission of PDSCH for unicast data. In Release 11, RAN1 evaluated the possibility of PDSCH transmission in ABS albeit with reduced power such that the overall system capacity is improved. The ABS with PDSCH for unicast data is termed as reduced power ABS (r-ABS) in the rest of the paper. It is to be noted that the “referenceSignalPower” i.e. power allocated to the CRS resource elements is constant across the system bandwidth as well as all the subframes including normal subframes, z-ABS and r-ABS.
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Figure 1 ABS Concept to provide TDM ICIC.
3 Discussion

The UE will need to perform C-RNTI based data demodulation in normal subframes and r-ABS subframes whereas there is no need to do so in z-ABS subframes. For the purpose of data demodulation the UE needs to know the “Energy per Resource Element” (EPRE) of PDSCH. The PDSCH EPRE is not same in normal subframe and r-ABS whereas the CRS EPRE is same in normal subframes, z-ABS and r-ABS. The UE calculates the CRS EPRE from “referenceSignalPower” signalled in PDSCH-Config IE [4].
Observation#1: The PDSCH EPRE is not same in normal subframe and r-ABS whereas the CRS EPRE is same in normal subframes, z-ABS and r-ABS. 

According to parameters p-a and p-b also signalled in PDSCH-Config IE, the PDSCH EPRE is calculated based on other physical layer configuration like non-MBSFN/MBSFN subframe, cyclic prefix, number of antenna ports etc [5]. The parameter p-b gives the ratio of PDSCH EPRE in OFDM symbols with no CRS to the PDSCH EPRE in OFDM symbols with CRS i.e. (
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). When the PDSCH EPRE in OFDM with no CRS is different from the PDSCH EPRE in OFDM symbols having CRS then the parameter p-b is not equal to 1. For r-ABS subframe after allocatting CRS power, the macro eNB will not use all the remaining power to allocate to the PDSCH to ensure negligible interference to UEs in pico CRE region. Therefore, the macro eNB can ensure that PDSCH EPRE in OFDM symbol with no CRS will be same as the PDSCH EPRE in OFDM symbol with CRS and hence p-b = 1 [6] as shown in Figure 2 (b).  For the r-ABS, if the UE can always assume that p-b = 1, then to calculate the PDSCH EPRE in the r-ABS, only new parameter p-a_abs need to be signalled to the UE in PDSCH-Config IE. The range of values for p-a_abs needs to be provided by either RAN1 or RAN4.
Observation#2: For the r-ABS since the power allocated to PDSCH is low, the macro eNB can ensure that PDSCH EPRE in OFDM symbol with no CRS will be same as the PDSCH EPRE in OFDM symbol with CRS and hence the UE can assume p-b = 1. New parameter p-a_abs only needs to be signalled to the UE. 
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Figure 2 Power allocation for normal subframe and r-ABS subframe [6].
The r-ABS is applicable only in the macro cell. The MeNB scheduler will ensure that the scheduling of UEs in r-ABS causes negligible interference to UEs served by the neighbour PeNB in the CRE region. Typically, the MeNB will schedule UEs with lowest pathloss (high geometry) in the r-ABS. Therefore the UEs served by MeNB need to differentiate between normal subframes and r-ABS subframes to apply legacy p-a or new parameter p-a_abs to calculate PDSCH EPRE applicable to the corresponding subframe for data demodulation.

Observation#3: For data demodulation in normal subframes and r-ABS subframes, the UEs served by MeNB need to differentiate between normal subframes and r-ABS subframes to calculate corresponding PDSCH EPRE based on legacy p-a and new parameter p-a_abs respectively. 
We have seen in Section 2 that in Release 10 signalling the network configures serving cell and neighbour cell measurement restriction pattern for radio link monitoring and mobility purpose in co-channel Hetnet scenario. These patterns are either based on the ABS pattern itself or subset of the ABS pattern negiotiated over X2 by the cells participating in TDM ICIC [7]. It is also well understood that the serving cell and neighbour cell restriction patterns are more or less semi-static in nature.

As discussed earlier only the UEs served by MeNB needs to distinguish between normal subframes and r-ABS subframes. If the usage of r-ABS is semi-static in nature then there are two approaches with the existing Release 10 signalling for the UE to identify r-ABS.

Approach#1: If the macro cell configures the serving cell pattern for UEs with lowest pathloss (high geometry) then these UEs will perform RSRP/RSRQ measurements according to the configured pattern (Release 10 behavior). These UEs are expected to be scheduled in the r-ABS, so the compliment of the serving cell pattern could be used to indicate the subframes used by MeNB as r-ABS. The macro cell ensures that the compliment of the serving cell pattern covers all the r-ABS subframes it intends to use for PDSCH scheduling. This means UE interprets the subframes indicated outside the serving cell pattern (pattern1) will be either z-ABS or r-ABS and then based on PDSCH scheduling UE applies the new p-a_abs.
Approach#2: Normally the macro cell will configure the neighbour cell restriction pattern to facilitate oflload to nearby pico cell for measuring the pico in ABS subframes. If the neighbor cell pattern is based on subset of ABS subframes and if the subset covers all the r-ABS subframes then the neighbor cell pattern could be used to indicate the subframes used by MeNB as r-ABS. This means UE interprets the subframes indicated by the neighbour cell pattern (pattern2) will be either z-ABS or r-ABS and then based on PDSCH scheduling UE applies the new p-a_abs. However, it seems unnecessary to configure the UEs with lowest pathloss (high geometry) with neighbour cell pattern.
We therefore have a slight preference for approach#1 which seems reasonably simple.  
Approach#3: The two subsets of CSI patterns may be dynamic in nature to offer scheduling flexibility. For the CSI patterns TS 36.300 states the following:

“For pattern 3, it is up to the network to choose the two subframe subsets but typically the two subframe subsets are chosen with the expectation that CSI measurements using the two configured subframe subsets are subject to different levels of interference (e.g., one subframe subset indicates ABSs while the second subframe subset indicates non-ABSs).”
If the usage of r-ABS is dynamic in nature then the macro cell could configure the two subsets of CSI pattern where one subset covers all the the r-ABS subframes it intends to use for PDSCH scheduling.

Observation#4: Existing Release 10 measurement resource restriction patterns are sufficient for the UE to distinguish between normal subframes and r-ABS.

3 Conclusion & recommendation
In our understanding there is ongoing work progress for r-ABS in RAN1 where the DCI format based approach is also considered as a potential solution to let UE know r-ABS. If RAN1 adopts higher layer signalling based approach for r-ABS then through this contribution our intention was to provide views for the signalling requirements for r-ABS and highlight that existing signalling is sufficient for the UE to distinguish between normal subframes and r-ABS. However, the PDSCH-Config IE needs to be extended with the parameter p-a_abs so that the UE can calculate the PDSCH EPRE applicable to the r-ABS. We conclude the contribution with the following proposals:

Proposal#1:
New parameter p-a_abs only needs to be signalled to the UE and UE can simply assume p-b =1 for r-ABS. RAN2 to wait for further progress in RAN1 so that RAN1 concludes on the open issues related to reduced power ABS.
Proposal#2:
If RAN1 adopts higher layer signalling based approach for r-ABS, RAN2 to take note that existing Release 10 measurement resource restriction patterns are sufficient for the UE to distinguish between normal subframes and r-ABS.

Proposal#3:
If the usage of r-ABS is semi-static, UE could interpret the subframes indicated outside the serving cell pattern (pattern1) will be either z-ABS or r-ABS and then based on PDSCH scheduling UE applies the new p-a_abs for data demodulation in r-ABS.
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