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1. Introduction

In RAN #63, the new Rel-12 WI on “Network-Assisted Interference Cancellation and Suppression for LTE” (LTE NAICS WI) was approved [1] following the completion of the respective Rel12 LTE NAICS SI [2]. In the study item stage, the final agreements on the possibility of the blind detection were not reached and it was concluded that blind detection for some parameters was found acceptable in terms of complexity and performance for some cases. At the work item stage the RAN4 WG needs to continue the respective studies with the goal to “Identify and agree on the parameter combinations that could be blindly detected jointly, including if under any subset restriction for any parameters.”
The set of interference signal parameters required to enable NAICS operation was identified in the SI stage and captured in the NAICS TR [3]. In general, the parameters can be classified as semi-static and dynamic depending on the variation granularity in time. In this contribution we share our views on the possibility of detection or signalling of the semi-static parameters.

2. Discussion
In the previous RAN1 and RAN4 meetings, the set of semi-static interference parameters required to enable NAICS operations was identified and the following agreements were reached [3]:

· Higher-layer signaling of parameters related to interference PDSCH could be beneficial to reduce the blind detection complexity or performance degradation

· It is not precluded at yet that some of the following candidate parameters may be blindly detected

· Candidate parameters for higher-layer signaling for further study both in RAN1 and RAN4 include

· Resource allocation granularity (e.g., a group of PRB or PRB pairs)

· RA type (e.g., type 0, LVRB, Ngap used for DVRB)

· System bandwidth

· Synchronization indication (e.g., CP length)

· CSI-RS configuration
· QCL
· Cell-ID
· CRS ports
· MBSFN pattern
· ρB/ρA
Further we share our views on the possibility of signalling/detection for the identified parameters.
Physical Cell-ID

The UE can autonomously detect the Physical Cell IDs of the dominant interferers and measure CRS receive power (RSRP). The eNB should use higher layer signalling to advertise the parameters of the neighbouring cells including the respective physical Cell IDs of the stations. The corresponding values should be used by the UE to derive the remaining higher-layer signalled parameters corresponding to its own dominant interferer.
CRS antenna ports
The knowledge of the interferer CRS ports is required to enable CRS-based interference channel estimation and make proper assumptions for the CRS-IC operation. In fact the blind detection of the number of CRS ports may be feasible. For instance it can be done via interferer PBCH decoding or direct CRS AP detection. However, further study on the detection (PBCH demodulation) reliability in NAICS environment may be needed.
Additionally, we would like to note that at current stage, the RAN4 requirements do not mandate this sort of UE behaviour. For instance for the RSPR measurements the UE is required to use REs corresponding to the CRS AP 0 (use of other APs is optional). Furthermore, in Rel-11 FeICIC framework the CRS assistance higher layer signalling was introduced to enable CRS-IC receivers operation and avoid blind parameters detection. In particular, the UE is informed on the interferer Cell ID, CRS APs and MBSFN subframe pattern. For the NAICS framework, the similar signalling can be used as well.
System bandwidth

The knowledge of the interferer system BW is also required to enable CRS-based interference channel estimation and make proper assumptions for the CRS-IC operation. Blind detection of the parameter via interferer PBCH decoding may be feasible. However, further study on the PBCH demodulation reliability in NAICS environment is needed. To limit the scope of studies and focus on the dynamic parameters, the signalling can be used. 

MBSFN pattern

The UE needs to know the neighbouring cell MBSFN pattern in order to be able to disable NAICS/CRS-IC operation in the corresponding subframes. The parameter can be blindly detected using the interferer SIB2 reading (in fact SIB1 reading is also required to get information on the SIB2 transmission timing). However, the possibility to perform SIB2 (and SIB1) demodulation needs further study in application to the typical NAICS interference conditions. Additionally, the SIB1/2 reading will require additional interferer PDCCH CSS monitoring along with serving cell PDCCH monitoring. So, the complexity may increase and interferer PDCCH decoding reliability needs to be assessed. Meantime, as mentioned above the respective RRC signalling was already introduced in the FeICIC framework and similar solution can be applied for NAICS as well.
Synchronization indication (e.g., CP length, subframe/slot alignment)

The UE should be capable to autonomously detect the dominant interferer CP length and subframe/slot alignment. Therefore, no signalling is required.
ρB/ρA ratio
To perform correct interference cell channel estimation on the data REs the UE needs to know the ρB/ρA ratio (i.e. the ratio of PDSCH EPRE on the OFDM symbols with and without CRS). For the serving cell, the higher layer cell-specific parameter PB is used to inform UE on the corresponding settings. Different approaches for the blind detection of the interference cell ρB/ρA ratio are possible. One of the approaches to detect the parameter is to read SIB2 of the interferer. However, as mentioned for the MBSFN pattern detection the possibility and complexity of SIB2 demodulation needs further evaluation. Additionally, the UE can perform the interference cell channel estimation even without knowledge of the interference ρB/ρA ratio and apply direct estimation of dynamic ρB and ρA values. However, in the latter case, the dynamic parameters blind detector complexity will be impacted as larger number of REs should be processed to get reliable estimates. So, using higher layer signalling of the ρB/ρA ratio is recommended.
Resource allocation granularity and RA type
From the UE perspective, the interferer resource allocation granularity and RA type are the dynamic parameters. However, eNB may apply certain restrictions on the parameters in order to reduce the complexity of the blind dynamic interference parameters detection.
The information on the minimal resource allocation granularity may be used to reduce the complexity of dynamic interference parameters detection. The eNB is expected to restrict its scheduling granularity and inform UE on this. Furthermore, the signalling should ensure that minimal granularity which would allow acceptable performance/complexity of blind detectors is applied at least (e.g. 1-2 PRGs).

The interference resource allocation type has impact on the assumptions on the dynamic interference parameters granularity in time. For instance, in case of distributed RA the per-slot parameter variation granularity should be assumed. Meanwhile, in case of Localized RA, the per-TTI granularity can be assumed. The latter one is more preferable from the performance and complexity perspectives. To reduce the UE blind detection complexity using localized resource allocation is recommended. Hence the possibility of respective scheduling restrictions should be considered by the RAN1 WG instead of signalling. In case, if RAN1 studies show that such restrictions are not possible the UE may still get benefits from the knowledge of the set of RA types used in the neighbouring cell.
Virtual Cell ID

To detect the presence of the TM10 based PDSCH interference signals the knowledge of the “Virtual Cell ID” parameters is required. The virtual cell ID is used for scrambling the UE-specific DMRS sequence and the set of 2 possible values is higher-layer signalled for UE. The pure blind detection of the respective interference parameter is complicated due to large amount of possible hypothesis and reduced amount of REs available for the processing (e.g. comparing with the Cell ID detection). So, the UE is recommended to be informed on the subset of possible Virtual Cell ID values for the dominant interferers. For instance, to limit the detection complexity the UE can be informed on the 1-2 possible Virtual Cell ID values corresponding to the dominant interferers.

For the DMRS-based PDSCH operation the nSCID parameters are also used for the DMRS sequence initialization. However, for the TM10 transmission there is “one-on-one” mapping between the used nSCID and Virtual Cell ID values. So, to reduce detection complexity the pair of Virtual Cell ID and nSCID parameters can be signalled to the UE. 

CSI-RS configuration

The information on the neighbouring cell ZP and NZP CSI-RS configurations may be needed to know correct PDSCH interference RE mapping assumptions. Some of the considered enhanced IS/IC receivers may be sensitive to the imperfect knowledge of the interferer PDSCH RE mapping. Furthermore, this information is required for the correct selection of the data REs selection for blind interference parameters detection. Additionally, the knowledge of the neighbouring cells NZP CSI-RS configurations may be helpful to facilitate accurate time offset estimation. 
The blind detection of the ZP and NZP CSI-RS configuration is not feasible due to large amount of respective hypothesis, hence using higher layer signalling is recommended.
QCL

In case, if UE handles the TM10 interference it needs to know the QCL parameters for the respective transmission in order to 1) perform correct interference time/frequency offsets estimation/compensation and 2) to know interferer PDSCH RE mapping assumptions. In case if UE does not have the respective information the quality of the interference channel estimation may degrade.
The blind detection of the respective parameters is not feasible and higher layer signalling needs to be applied. For instance, UE needs to know the following parameters: Virtual Cell ID, CRS pattern, MBSFN pattern, PDSCH starting symbol, ZP CSI-RS configuration, NZP CSI-RS quasi co-located with the PDSCH APs and information on the quasi co-located CRS transmission (Cell ID).
3. Conclusions

In this contribution we have provided our views on the possibility of detection or signalling of the semi-static interference parameters required to enable NAICS operation. In general, we conclude that for some parameters the detection in fact can be less complex and more reliable than for the dynamic parameters. However, for many parameters detection may be not feasible. At the same time, the overall impact of the potential RRC signaling on the total system overhead is expected to be relatively small. Additionally, the signaling is already available for many of the parameters. So, for many parameters signaling can be considered as a preferred solution. 
In summary, we make the following proposal:
Higher layer signaling is used to inform UE on the following parameters of the neighboring cells:

· Physical Cell IDs

· Number of CRS ports

· System BW
· MBSFN pattern

· ρB/ρA ratio
· Minimal resource allocation granularity 
· Set of used resource allocation types (if restrictions not used)
· ZP and NZP CSI-RS configurations

· TM10 interference parameters

· Virtual Cell ID subset

· QCL parameters
UE detection is used to get information on:

· Dominant interferer Physical Cell ID

· Interference cell CP, slot/subframe alignment
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