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1. Introduction

In the last RAN1 #77 meeting [1] and the e-mail discussion [77-21], issues on higher-layer signaling for Network Assistance Interference Cancellation and Suppression (NAICS) for LTE have been discussed. However, there is no clear conclusion on the issues regarding several parameters so the remaining issues should be still discussed. In this contribution, we discuss remaining details on higher-layer signaling for NAICS with considerations of performance impact and UE complexity. Other important discussions are described in our companion contributions for CSI-RS and QCL in [2] and for the number of candidate interferers and the combination of VCID and nSCID in [3]. 
2. Discussion on higher-layer signaling
2.1. PDSCH starting position
It is obvious that PCFICH decoding does not always indicate the actual PDSCH starting position. For example, in case of cross-carrier scheduling, PDSCH starting position of a SCell cannot be derived from PCFICH of the SCell. In case of ePDCCH, PDSCH starting position can be aligned with the ePDCCH starting position configured by RRC signaling. Also, PDSCH starting position of TM10 UEs can be configured by higher-layer signaling to enable CoMP operations such as DPS. Under these cases, a mismatch between the detected and actual PDSCH starting position can happen although the NAICS UE can successfully decode PCFICH sent by neighbor TP. Therefore, information related to PDSCH starting position should be signaled to the NAICS UE. 
One technical concern on higher-layer signaling on the actual PDSCH starting position is that it may change on a subframe by subframe basis in order to support flexible scheduling and thereby can cause a network restriction. Other concern is that neighbor TPs may often serve multiple UEs having different PDSCH starting positions within a subframe. For example, let us consider that one interfering TP schedules 2 UEs within a subframe and one of UEs is configured with cross-carrier scheduling, as depicted in Figure 1. In this case, it is impossible to indicate only one value as the actual PDSCH starting position. 
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Figure 1. An example of PDSCH starting position mismatch among scheduled UEs within a subframe.
Therefore, our proposal is that, instead of indicating the actual PDSCH starting position, it is beneficial to indicate symbol ‘n’ at least from which the interfering TP guarantees PDSCH transmission if RB is scheduled. The advantage of this “PDSCH-IC starting symbol” is that the TP still have the flexibility to change the actual PDSCH starting position dynamically within the range of symbol [1,n]. With this signaling, the UE can try to cancel interference from the “PDSCH-IC starting symbol” without PCFICH BD. For example, if the symbol ‘n’ is given to the NAICS UE, the UE will try to cancel the interference in the PDSCH-IC region (which is the green area in Figure 2) of the interference PDSCH (which is the hatched area in Figure 2) regardless of its actual PDSCH starting position.
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Figure 2. An example of PDSCH interference cancelation when the PDSCH-IC starting symbol ‘n’ is configured.
Also, without the above conditions (cross-carrier scheduling, ePDCCH, TM10), then higher-layer signaling, so called “follow PCFICH”, can be signaled to the NAICS UE so that the UE may be expected to derive the PDSCH starting position by decoding PCFICH under this signaling. Actually, given that PCFICH is coded at a low coding rate and interference channel is strong enough for the NAICS UE to cancel interference PDSCH, PCFICH from the TP would be likely to be decoded reliably. Proposal 1:  Regarding PDSCH starting position, “PDSCH-IC starting symbol” and the “following PCFICH” can be signaled to the NAICS UE. 
2.2. TDD UL/DL configuration
In our understanding, SIB1 TDD UL/DL configurations of different cells are typically aligned in the same band in order to prevent the interference between static DL subframe and static UL subframe. Therefore, there is no need of higher-layer signaling on TDD UL/DL configuration.
Considering the same UL/DL configuration among cells, the NAICS UE always can cancel the interference in static DL subframes regardless of whether the serving cell is eIMTA-off or eIMTA-on. In case the serving cell is eIMTA-on, and in flexible DL subframes, the NAICS UE may perform CRS detection or NAICS BD to know whether the corresponding subframes are configured as DL or UL subframes by neighbor cells.
If higher-layer signaling on whether a neighbor cell is eIMTA-off or eIMTA-on is given to the NAICS UE, the UE can avoid such detection when the neighbor cell is eIMTA-off. However, it doesn’t seem an essential signaling since without this signaling the UE can figure out the neighbor cell is in UL subframe or DL subframe and conduct NAICS depending on the result. Therefore, from our understanding, there is no need of higher-layer signaling on eIMTA on/off indicator. 
In case of special subframes, NAICS operations can be considered if practical benefit is clear, but we prefer not to mandate NAICS operations in special subframes. 
Proposal 2: There is no need for higher-layer signaling on TDD UL/DL configuration and eIMTA on/off indicator. 
2.3. Signaling association
In order to enable NAICS operations, a set of higher-layer signaling parameters should be given to the NAICS UE. For clarity, we can categorize the scenarios as follows:

· Scenario 1: TM1-9 interference.
· Scenario 2: TM10 interference and multiple TPs do not share VCID+nSCID combination.
· Scenario 3: TM10 interference and multiple TPs share the same VCID+nSCID combination.
In scenario 1, a set of parameters can be associated with each physical cell ID. 
In scenario 2, it seems proper to associate the parameters with each TP.  To enable the NAICS UE to utilize network-assisted information, each set of higher-layer signaling parameters should correspond to each TP since some parameters such as PDSCH starting position, QCL, and CSI-RS may be different among TPs. If two VCID+nSCID combinations per TP are allowed for MU-MIMO and DPS operation, each set can have two VCID+nSCID combinations. 
Alternatively, it is also possible to associate a set of higher-layer signaling parameters with each VCID+nSCID combination. Given that multiple TPs do not share VCID+nSCID combination, each set can be distinguished from the others by its VCID+nSCID combination. But, since the other parameters would be TP-specific, two sets from a TP would include the same information, which seems quite redundant. Hence, we prefer to the former alternative as a signaling association of scenario 2.
In scenario 3, given that multiple TPs share the same VCID+nSCID combination such as 3 TP DPS, associating a set of parameters with each TP or VCID+nSCID combination is still problematic. For the perspective of signaling association, it is desirable not to share the same VCID+nSCID combination among TPs. Although it leads to a limitation of the network operation of 3 TP CoMP, the limitation doesn’t seem critical to achieve CoMP gain since 2 TP CoMP is still available [3]. 
Proposal 3: A set of parameters can be associated 

· with each physical cell ID for TM1-9 interference

· with either each TP or each VCID+nSCID combination when multiple TPs does not share VCID+nSCID combination.

Sharing the same VCID+nSCID combination among TPs should be precluded. 
2.4. 4 CRS AP for CRS-based TMs
We are not convinced of BD feasibility not only for TM4/6 but also for TM2/3. For example, in case of 4 ports CRS based TM2, there are new ambiguity with regard to SFBC pair to RE mapping. As we have known, there are two SFBC pairs corresponding to antenna port 0,2 and port 1,3, respectively, and each SFBC pair is mapped to RE alternately. In this case, the point is that there are two possibilities whether RE mapping starts from SFBC pair corresponding to antenna port 0,2 or SFBC pair corresponding to antenna port 1,3, and it depends on the total allocated RBs for this TM2 interference and rate matching information. Even if interference CSI-RS for rate matching is given to NAICS UE, the UE is not able to address this ambiguity since it does not know the total allocated RBs for this TM2 interference. We should consider this new technical issue coming from 4 port CRS based TM2. Also, 4 ports CRS based TM3 has a similar problem with regard to cycling PMI to RE mapping. Thus, it seems desirable not to support 4 ports CRS-based TMs for Rel-12 NAICS UEs, considering additional complexity and possible performance loss for BD. Supporting NAICS for 4 ports CRS based TMs can be addressed in later release if needed. 
Proposal 4: For 4 ports CRS based TMs, it is desirable to preclude NAICS operations in rel-12.
2.5. PA 
Multiple PA values would be useful only for edge UEs typically using QPSK. So, our proposal is 1) to separate the subset for 16/64QAM and for QPSK and 2) to indicate single value for 16/64QAM and two values for QPSK. Consequently, the total subset size of PA to be signaled to the NAICS UE is 3. Regarding power offset values, new values can be introduced if clear benefits are provided by them, and otherwise the current PA values would be enough.
Proposal 5: We prefer to separate the subset for 16/64QAM and for QPSK and to set the total subset size of PA as 3. 
2.6. NAICS signaling provisioning
Network assisted information for multiple interfering TPs is given to a UE and the UE will select at least two NAICS target TPs among them based on the existing measurement report such as reference signal received power (RSRP). Then, it blindly detects interference existence for those TPs and cancels one of them. Given that NA information for multiple TPs is indicated to the UE and the UE can select the strongest TP, a similar mechanism for CRS-IC and feICIC can be used. In this reason, we do not see the need of introducing any new NAICS-specific trigger. 
Proposal 6: There is no need to define new NAICS-specific triggers.
3. Conclusion
In this contribution, we discussed the remaining issues on higher-layer signaling of several parameters for NAICS. Based on the discussion, we made the following proposals:

Proposal 1: Regarding PDSCH starting position, “PDSCH-IC starting symbol” and the “following PCFICH” can be signaled to the NAICS UE. 
Proposal 2: There is no need for higher-layer signaling on TDD UL/DL configuration and eIMTA on/off indicator.
Proposal 3:A set of parameters can be associated 

· with each physical cell ID for TM1-9 interference

· with either each TP or each VCID+nSCID combination when multiple TPs does not share VCID+nSCID combination.

Sharing the same VCID+nSCID combination among TPs should be precluded.
Proposal 4: For 4 ports CRS based TMs, it is desirable to preclude NAICS operations in rel-12.
Proposal 5: We prefer to separate the subset for 16/64QAM and for QPSK and to set the total subset size of PA as 3.
Proposal 6: There is no need to define new NAICS-specific triggers.
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