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1. Introduction

One of the NAICS WI [1] tasks is the identification of the semi-static interference parameters required to enable NAICS operation and the investigation of the possibility of their blind detection or using higher-layer signalling. In the SI stage the following agreements with respect to the semi-static parameters were reached [2]:

· Higher-layer signalling 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 signalling 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

The discussion on the NAICS interference semi-static parameters blind detection and signalling took place in the last RAN1 and RAN4 WG meetings. In particular, the following progress was reached by the RAN4 and RAN1 WGs [3-5]:
· RAN4 WG agreements

· Cell ID is needed for higher layer signalling

· Synchronization of CP, slot, SFN, subframe and common system bandwidth for the serving cell and interfering cells can be implicitly assumed if NAICS signalling is present

· ρB/ρA ratio (i.e. PB) should be signalled by the higher layer

· Virtual Cell ID needs to be restricted (Restriction indicated by signalling)

· Subset size for VCID set needs further study

· RAN1 WG working assumptions:
· Following parameters could be signalled by higher-layer signalling

· Information related to PB
· Subset of virtual cell ID

· FFS: Cell ID, CRS ports, MBSFN pattern, QCL, Supported TM, signalling or restriction related to “no Type-2 distributed resource allocation”, zero-power and non-zero-power CSI-RS, CFI

· Higher-layer signalling is configured per component carrier

· Further study is needed about blind detection or higher-layer signalling for system bandwidth, synchronization indication

In this contribution, we share our views on the possibility of detection or signalling of the remaining semi-static interference parameters including 

· Number of CRS APs,

· MBSFN pattern,

· NZP and ZP CSI-RS configurations,

· TM10 interference parameters (Virtual Cell ID, nSCID, QCL), 

· Neighbouring cell TDD UL-DL configurations.

2. Discussion
2.1 Number of CRS antenna ports

The knowledge of the number of interferer CRS antenna ports is required to enable CRS-based interference channel estimation, CRS-IC operation and perform correct selection of the REs for the blind detection of the interference PDSCH parameters.

At current stage, the UE is not required to know the number of CRS APs in the neighbouring cell and there are no RAN4 requirements assuming such UE behaviour. For instance, for the RSRP measurements the UE is required to use REs corresponding to the CRS AP 0, while the use of other APs is optional. Furthermore, in Rel11 FeICIC framework the CRS assistance higher layer signalling was introduced to enable CRS-IC and avoid blind parameters detection.

At the same time, as proposed in [6] the blind detection of the number of CRS ports can be done via interferer PBCH decoding. In our view, the considered PBCH-IC receiver may impose additional complexity to the UE implementation and the performance can be rather questionable in NAICS environment.
One of the arguments to consider the PBCH-IC receiver for the NAICS CRS APs detection is that a “similar” type of receiver was introduced in the FeICIC framework. However, in our view the NAICS PBCH-IC is different comparing to the PBCH-IC receiver considered in the FeICIC studies. For instance, FeICIC PBCH-IC receiver is defined under an assumption of the availability of the CRS assistance information and hence UE can apply CRS-IC to improve the demodulation performance. Meanwhile, in case of NAICS this information will not be available and hence the demodulation performance will be penalized.
To enable enhanced IS/IC operation the knowledge of the interference parameters should be reliable in the NAICS interference conditions. The existing NAICS interference profiles are defined for the case of partial loading only (i.e. 40% and 60%), meanwhile, for the PBCH the full loading should be considered and hence new interference analysis is required to derive realistic NAICS deployments statistics. Such conditions can rather different comparing to the FeICIC conditions (which are based on using CRE) and hence existing PBCH-IC analysis cannot be directly reused for the NAICS case and careful studies are needed in case PBCH-IC is considered in NAICS.
In addition, we would like to note that in accordance to the RAN4 WG agreements the NAICS handling is required for single interference cell. Meanwhile, this does not imply that UE needs to have information on a single interference cell only and it would be useful have knowledge of the parameters of several neighbouring cells. Hence, the UE should be capable to reliably detect the PBCH for more than one neighbouring cell (e.g. for 1st and 2nd dominant interferers). In the latter case, the reliability of the PBCH decoding for the second interferer can be become even more severe issue.

Based on the discussion above, we think that it is reasonable to introduce higher-layer signalling of the number of CRS APs in the NAICS framework, especially assuming the fact that the total expected amount of overhead for the number of CRS APs signalling at higher-layers is marginal.
There is also an ongoing discussion in RAN4 WG on the possibility of blind interference parameters detection for CRS-based PDSCH interference in case of using 4 CRS APs. The respective detection might impose significant UE computational complexity burden. At the same time, the complexity of the DMRS-based PDSCH detection and cancellation does not depend on the number of interferer CRS APs. Meanwhile, even in case of DMRS-based PDSCH handling this information is needed to apply the CRS-IC. Hence, the UE should be informed on the exact number of used APs disregard of the outcome of the corresponding discussion.

Observations:

· The performance of PBCH-IC receiver for the detection of the number of neighbouring cell CRS APs is questionable due to variety of interference conditions where the detection should be ensured and lack of CRS assistance information which does not allow using CRS-IC efficiently.
· Existing NAICS interference profiles were designed under assumption of partial network loading and cannot be used for the CRS-APs detection analysis using PBCH-IC.

· The number of neighbouring cell CRS APs is already signalled as a part of CRS assistance information

· Information on whether NC has 4 CRS APs is useful regardless of the decision on using PDSCH IS/IC in case of CRS-based PDSCH interference with 4 CRS APs

Proposals:

1. Inform UE on the number of CRS APs used in the neighbouring cells.
2.2 MBSFN pattern

The UE needs to know the neighbouring cell MBSFN pattern in order to be able to control the CRS-IC and NAICS CRS-based PDSCH IS/IC operation in the corresponding subframes.

The information on the MBSFN pattern is broadcasted in the SIB2 in a cell-specific way. The blind detection of the interference cell SIB2 (and SIB1) will require interferer PDSCH decoding and PDCCH CSS monitoring and hence will increase UE implementation complexity. Furthermore, it may be difficult to guarantee reliable decoding performance in NAICS interference conditions. So, in our view the respective method of the detection is not feasible.
Alternatively, the CRS detection methods can be applied to check the CRS presence in a subframe. This approach will also impose additional complexity in terms of the UE implementation as the processing needs to be applied on a per-subframe basis. With respect to the performance further study is needed to check the detection feasibility in NAICS interference conditions. However, to proceed with such analysis the common assumptions need to be discussed and agreed. In particular, the total number of neighbouring cells to be detected as well as MBSFN configurations in the serving and neighbouring cells should be discussed.

Meantime, we would like to note that the respective higher-layer signalling was already introduced as a part of the FeICIC CRS assistance information. So, assuming the potential implications on the UE implementation complexity and limited time to complete the WI, our preference is to use higher-layer signalling of the respective parameter in Rel12. To reduce the signalling overhead the network can inform UE if the same configurations are used in the serving and interference cells and provide the exact MBSFN configuration in case if different parameters are used only.
Observations:

· Reliable neighbouring cell SIB1/SIB2 decoding to obtain MBSFN pattern information cannot be guaranteed.

· Using CRS presence detection for the MBSFN pattern detection will introduce additional UE implementation complexity. The detection reliability is not clear and might depend on multiple factors.

· The information on the neighbouring cell MBSFN pattern is already signalled as a part of CRS assistance information.
Proposals:

2. Inform UE on the MBSFN pattern used in the neighbouring cells.
2.3 NZP and ZP CSI-RS configurations
The knowledge of the NZP and ZP CSI-RS configurations is needed for several purposes:

· PDSCH IS/IC: If UE does not know the CSI-RS presence and attempts to make enhanced processing the performance may suffer due to incorrect assumptions on the signal structure (i.e. modulation, spatial structure). The exact impact on the PDSCH demodulation performance will depend on the set of used ZP and NZP CSI-RS configurations (i.e. number of affected REs) and considered NAICS receiver algorithm. For instance, the R-ML receiver might be more sensitive to the imperfect assumptions on the signal structure comparing to the SLIC receiver.

· Blind parameters detection: The information on the NZP and ZP CSI-RS is needed to make correct assumptions on the neighbouring cell PDSCH RE mapping to assist the selection of the REs for the interference parameters blind detection. If UE uses the REs occupied by neighbouring cell CSI-RS transmission for the detection of the PDSCH parameters the quality of estimates may suffer. Hence, from the reliability perspective it is better to choose the REs which definitely contains interferer PDSCH signals. In addition, the spatial structure of the interference signals using Tx Diversity MIMO mode depends on the PDSCH RE mapping assumptions and in case if UE does not know the CSI-RS presence a limited number of REs can be used for the parameters detection which might impact the detection reliability.
· TM10 interference handling: The knowledge of the NZP CSI-RS configuration might be required as a part of the QCL signalling in case of CoMP Scenario 4 operation to enable time offset compensation.
The completely blind detection of the NZP CSI-RS configurations is not feasible due to large amount of potential hypothesis on time and frequency patterns of the transmissions. The blind detection complexity can be reduced in case certain restrictions on the possible set of NZP CSI-RS parameters are introduced. Meanwhile, in our view such limitations might reduce the flexibility of the CSI-RS configuration and hence have impact on the overall system efficiency. With respect to the ZP CSI-RS detection, the feasibility is even less evident than for the NZP CSI-RS since UE can not apply signal combining for the parameter detection. So, the higher-layer signalling of both ZP and NZP CSI-RS used by the neighbouring cells is the preferred.
In addition, we would like to note that in general case the CSI-RS configurations are UE-specific and in principle different UEs may be configured with different parameters. To remove the possible ambiguity for NAICS operation the UE can assume that BS uses all the signalled ZP and NZP CSI-RS configurations.

Observations:

· The knowledge of the neighbouring cell NZP and ZP CSI-RS configurations is needed to improve performance/complexity of the PDSCH IS/IC, blind interference parameters detection and TM10 interference handling.

· The completely blind detection of neighbouring cell ZP and NZP CSI-RS configurations is not feasible.
Proposals:

3. Inform UE on the ZP and NZP CSI-RS configurations used in the neighbouring cells.
2.4 TM10 interference parameters
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, in the last RAN4 meeting it was agreed to signal the subset of potential Virtual Cell ID values. However, the subset size is FFS.

With respect to the Virtual Cell ID subset size selection we would like to share the following considerations. In practical networks the mix of TM8/9 and TM10 might happen. So, UE may need to detect both TM8/9 and TM10 presence. For the TM8/9 detection the UE should use the Physical cell ID. In this case UE might have some a priory information on the potential interference levels and make down-selection of the potential Physical Cell ID hypothesis (e.g. based on the RSRP measurements). At the same time, for the TM10 detection all Virtual Cell ID hypothesis need to be tested. Unfortunately the UE does not have a priory information on the possible power levels of the respective interferers and down-selection of the candidates in case of large subset size may be problematic. Hence, the detection complexity will increase, while the performance might reduce. To resolve this problem, we suggest to limit the size of the Virtual Cell ID subset to a small number of values (e.g. 1 – 2) 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 nSCID parameter can be also higher-layer signalled to the UE for the TM10 interference.
Observations:

· The Virtual Cell ID subset size has direct impact on the UE blind interference parameters detection complexity and should be kept at reasonable level.
· It can be problematic for the UE make autonomous down-selection of the Virtual Cell IDs corresponding to the dominant interferers in CoMP scenarios to reduce the blind search complexity.
Proposals:

4. Inform UE on 1-2 Virtual Cell ID and nSCID values corresponding to the dominant TM10 interferer(s).
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. In particular, in case of lack of the QCL information UE need to make the DMRS-based time/frequency offset compensation for the interferer channel estimation that might lead to noticeable performance degradation comparing to the CRS-based compensation mechanisms (for more detailed analysis see our companion contribution [7]).

At the same time, 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.
Observations:

· In case, if UE handles the TM10 interference it needs to know the QCL parameters for the respective transmission in order to  perform correct interference time/frequency offsets estimation/compensation using CRS and/or CSI-RS and to know interferer PDSCH RE mapping assumptions.
Proposals:

5. Inform UE on the QCL parameters of the dominant TM10 interferer(s).
2.5 Neighbouring cell TDD UL-DL configurations
For the case of legacy LTE TDD operation (non-eIMTA), UE may assume that TDD UL-DL configurations are the same across the network. At the same time, in the eIMTA reconfigurable flexible DL subframes the interference type from the neighbouring cell (i.e. DL or UL) may vary on a per-frame basis (see Figure 1).
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Figure 1. Interference in eIMTA flexible subframes

So, the enhanced processing in the DL flexible subframes (i.e. subframes which can be dynamically reconfigured to be either DL or UL) needs to be discussed. In those subframes UE cannot make assumptions that the neighbouring cell also has DL transmission. 
In our view, with regards to the NAICS operation in eIMTA cells two possible alternatives can be considered:

· Alternative #1: Require NAICS processing in regular static DL subframes only;
· Alternative #2: Require NAICS processing in both regular static and reconfigurable flexible DL subframes.
For the Alt1 the UE can assume that the neighbouring cells have the same SIB1-based UL-DL configurations and apply enhanced NAICS processing in those subframe only (i.e. same as in non-eIMTA systems). Meanwhile, for the DL flexible subframes UE can apply legacy processing algorithms (e.g. LMMSE-IRC). In this case the performance may degrade and the overall impact will depend on the amount of reconfigurable subframes and the actual structure of interference in the respective subframes. For the Alt2, UE will need to obtain the information on the type of the subframe used in the neighbouring cells. For instance, the UE may try to perform CRS presence detection in the respective subframes (similar to the discussed MBSFN subframe detection). Alternatively, UE may perform neighbouring cell reconfiguration DCI decoding. However, the latter approach may require additional network assistance of the corresponding eIMTA semi-static parameters (e.g. periodicity, subframe subset, eIMTA-RNTI). Both approaches will impact the UE implementation complexity and further study of the respective performance may be needed.
In our view, for Rel12 NAICS receiver the processing in SIB1 subframes can be mandated, meanwhile the exact processing in the flexible subframes can be implementation specific.
Observations:

· In the eIMTA reconfigurable flexible DL subframes the interference type from the neighbouring cell (i.e. DL or UL) may vary on a per-frame basis.
Proposals:

6. In Rel12, the NAICS processing is required in the regular DL subframes and Special subframe DwPTS indicated by SIB1 signalling only.
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 summary, we make the following proposals:
Proposals:

1. Inform UE on the number of CRS APs used in the neighbouring cells.
2. Inform UE on the MBSFN pattern used in the neighbouring cells.
3. Inform UE on the ZP and NZP CSI-RS configurations used in the neighbouring cells.
4. Inform UE on 1-2 Virtual Cell ID and nSCID values corresponding to the dominant TM10 interferer(s).
5. Inform UE on the QCL parameters of the dominant TM10 interferer(s).
6. In Rel12, the NAICS processing is required in the regular DL subframes and Special subframe DwPTS indicated by SIB1 signalling only.
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