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1. Introduction
During RAN1#77 and RAN4#71, good progress was made on NAICS higher-layer signaling, however some issues remain open still. The open issues are related to the number of virtual cell ID and nSCID combinations, subset of PA values, quasi-colocation, signaling of zero-power and non-zero-power CSI-RS configurations and handling of PDSCH starting symbol as well as the TDD UL-DL configuration of interfering cells.
In this contribution we provide our views on the open issues of NAICS higher-layer signaling.

2. Remaining signaling details
In the following, we discuss our view on signaling of information related to CSI-RS, PDSCH starting symbol, quasi-colocation and TDD UL-DL configuration as well as on the number of virtual cell ID and nSCID combinations. It is noted that the number of virtual cell ID and nSCID combinations is closely related to QCL signaling as QCL signaling may require the combinations of virtual cell ID and nSCID to be made transmission point –specific.
CSI-RS configuration

Signaling of zero-power and non-zero-power CSI-RS has been widely discussed already during the previous meetings as well as during the NAICS e-mail discussion after RAN1#77. Our view is that CSI-RS information should be signaled to the UE. Basically if the UE is unaware of CSI-RS configurations in the interfering cell, the following impacts are foreseen:

· A number of “false” REs with potentially wrong modulation (QPSK), precoding (unprecoded) and power level (including zero). In the worst case there are 40 REs with wrong parameters, meaning that for instance with 2-Tx and CFI=3, there are only 80 correct REs. Thus 1/3 of all available REs are with wrong parameters. This will obviously confuse the blind parameter estimators at the UE side, with a detrimental impact on throughput after NAICS processing.

· If interfering cell has TM2 (or any TM when using the transmit diversity fallback) or TM3, the number of “false” REs will be even larger due to the fact that CSI-RS REs may confuse the phase of SFBC(-FSTD) transmit diversity scheme as well as the phase of the TM3 LD-CDD precoder cycling scheme. Here it is in fact possible to find very bad cases where the UE may have more REs with a false assumption about the precoder or phase of SFBC than the correct one. Note that transmit diversity and TM3/LD-CDD can be expected to be the most typical schemes encountered in practical deployments.

· Cancellation of “false” REs at CSI-RS RE locations. Note that for REs of zero-power CSI-RS resources at the interfering cell, any unnecessary interference cancellation will always just effectively increase the interference at these RE locations.

Typically CSI-RS transmissions within a cell would happen with a periodicity, so the impact on average throughput will obviously be reduced. However, for instance in TDD the gains of NAICS could largely disappear as there may not be many DL subframes without CSI-RS. So some signaling for the presence of CSI-RS should be included.
Observations:

· CSI-RS information is needed to avoid confusing the UE blind parameter estimators and to avoid IC with false assumptions about the interference.

· Unknown CSI-RS would mean that there are at most 40 REs per PRB pair with modulation, power level and precoding different from the interfering PDSCH. 

· Furthermore, awareness of CSI-RS REs is required for determining the phase of SFBC and TM3 precoder cycling.
· For TDD, the performance impact from unknown interferer CSI-RS resources would be more pronounced.
Proposal:

· Signal both zero-power and non-zero-power CSI-RS information to the UE.
PDSCH starting symbol

The UE needs to be aware of the PDSCH starting symbol of interferer for being able to start the interference cancellation from the correct symbol. Starting the cancellation too early would cause the UE to cancel false symbols, and starting it too late would mean that some symbols would be received effectively with higher interference. 
Essentially, the two approaches of determining the PDSCH starting symbol are that it is signaled to the UE, or indirectly determined by the UE by detecting the CFI from PCFICH of the interfering cell. Specifically, it is noted that it is not feasible to detect PDSCH starting symbol directly in all situations. 

However, there are some cases in which determining PDSCH starting symbol via PCFICH detection is not possible: first, when the interfering cell is configured as an SCell with cross-carrier scheduling for a UE with any TM, PDSCH starting symbol would be configured by higher-layers and thus may not necessarily be the same as the one indicated by CFI. Another case is in TM10 where the PDSCH starting symbol might follow a PQI-signaled starting symbol instead of the one indicated by CFI. Finally, if the interfering PDSCH is scheduled by EPDCCH rather than PDCCH, the starting position follows higher-layer configured values rather than CFI. Therefore, it should be very clear that at least an optional signaling of PDSCH starting symbol is required to cover the above cases as blind detection of CFI alone simply does not work.
During the NAICS e-mail discussion after RAN1#77 as well as in [1], it was also proposed that the UE could simply assume a conservative start symbol for the interfering PDSCH, and start the cancellation for instance from the fourth OFDM symbol always. It was also shown in [1] that this does not incur any significant losses. Otherwise this is a feasible approach, however not knowing the exact PDSCH starting position confuses the UE about the phase of TM3 precoder cycling in case of 4-Tx. Details of this problem are outlined in a companion contribution [2] where we discuss some related issues for 4-Tx and emphasize the importance of being aware of the exact (real) starting symbol of the interfering PDSCH, at least for TM3.
Observations:

· At least optional signaling of PDSCH start symbol is required.

· Blind detection of CFI does not work in all cases. 

· Blind detection of PDSCH start symbol is not feasible.
· Starting IC always from the fourth symbol does not work in case of 4-Tx and TM3.

Thus PDSCH starting symbol signaling is needed. The question is mainly whether the signaled symbol should always be followed, or whether it is still possible, e.g. as one signaling state, to indicate to the UE that CFI of the interfering cell should be followed instead. This could cover cases where cross-carrier scheduling, EPDCCH or TM10 are not used. Since the NAICS feature as a whole has already pushed practical UE complexity to the limits, any further complexity from additional blind detection is not seen as feasible. Therefore our view is that the signaled PDSCH start symbol should be always followed.
Proposal:

· Signal an assumed PDSCH starting symbol to the UE per each NAICS candidate cell.

Quasi-colocation

Quasi-colocation signaling is required to ensure proper time and frequency tracking for the interfering cells/transmission points. 

For Rel-11 CoMP, DMRS QCL with CSI-RS (w.r.t Doppler shift, Doppler spread, average delay, and delay spread) was agreed due to better performance especially in channels with a small delay spread. In addition, CSI-RS QCL with CRS (w.r.t Doppler shift and Doppler spread) was agreed due to poor frequency tracking performance of CSI-RS.

In context of NAICS, it was shown in [3] that even estimation granularity of 12 PRBs is not quite sufficient for DMRS-based estimation. Simulations in [4] on the other hand were showing that the needed time and frequency corrections could be performed with DMRS if the UE can do the estimation over at least 3 PRBs (though it was not clear if these simulations were for serving cell or for interfering cell). Nevertheless, there is no evidence that DMRS-based estimation would work for the interfering cell with less than 3 PRBs. Even if it would work, since CSI-RS –based QCL has already been introduced in Rel-11, DMRS-based estimation would imply doubling the complexity at the UE side as both methods would need to be implemented. 
Observations:

· Pure DMRS-based estimation would significantly increase the UE estimation complexity.

· UE anyway needs to perform QCL with CSI-RS based on Rel-11 mechanisms.

Our view is that to limit UE complexity increase, QCL between DMRS of the interfering cell and CSI-RS should be signalled, and the CSI-RS also needs to be associated with CRS as before to enable reliable frequency offset estimation. For the latter, our understanding is that each combination of virtual cell ID and nSCID would be anyway associated with a physical cell ID.
Proposal:

· Signal an associated QCL CSI-RS resource per combination of virtual cell ID and nSCID.
· CSI-RS also needs to be associated with CRS as in Rel-11 to enable reliable frequency tracking.
Number of virtual cell ID and nSCID combinations

Related to the number of virtual cell ID and nSCID combinations, the following agreement was made in RAN1#77:

· The following parameters of interfering cells are signaled by higher layer

· …

· Restricted subset of combination of virtual cell ID and nSCID for TM10

· Maximum subset size of combination of virtual cell ID and nSCID is in the range from 6 to 12, but number of blind detection in a subframe may be less than maximum subset size of combination of virtual cell ID and nSCID
Each combination of virtual cell ID and nSCID needs to be associated with a cell, because even with DMRS-based modes the cell-specific parameter PB is required for setting the PDSCH power levels correctly, and CRS information is needed for determining the PDSCH RE mapping. Such an association may also be needed for quasi-colocation purposes, discussed in the previous section. Therefore, our understanding is that a number of combinations of virtual cell ID and nSCID would be signaled per interfering cell and associated with a physical cell ID. Thus the total maximum number of combinations of virtual cell ID and nSCID in fact depends on the maximum number of interfering cells that can be signaled, and the maximum number of combinations of virtual cell ID and nSCID per interfering cell.

The blind detection complexity would mainly depend on the maximum number of combinations of virtual cell ID and nSCID per interfering cell as the UE can always prune the NAICS candidate cells based on CRS with for instance RSRP-like measurements. Therefore, more important is to determine the number of combinations per interfering cell. This again depends on the number of transmission points that are hearable per interfering cell, and the number of virtual cell ID and nSCID combinations per transmission point. 

On the number of hearable transmission points per interfering cell, based on our simulation results in NAICS scenario 2 with 4 or 10 TPs per macro cell (below), out of the transmission points within a cell, the UE can typically see only 2-3 TPs within a {6,9} dB RSRP window. Note that the statistics are for TPs within the same macro cell coverage, as other TPs would be signaled under a different candidate cell.

On the number of combinations per TP, our view is that just one virtual cell ID is enough, i.e. the combinations of virtual cell ID and nSCID could be made TP-specific. Such an association is needed also for quasi-colocation signaling as already discussed.
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Figure 1. Hearability of transmission points in NAICS scenario 2 with 4 or 10 TPs under one macro cell with RSRP gap of 6 dB or 9 dB. Most of the time at most three transmission points are hearable.
Observations:
· The total number of virtual cell ID and nSCID combinations depends on the number of NAICS candidate cells, the number of hearable TPs within each NAICS candidate cell, and the number of virtual cell IDs per TP.
· The number of hearable transmission points is typically at most three.

· One virtual cell ID per transmission point is enough.

TDD UL-DL configuration

Typically in TDD networks the UL-DL configuration has been the same in all cells within the same frequency. However, with the advent of eIMTA in Release 12, this may not hold true anymore. Rather, some subframes are always downlink in all cells (and some are always uplink), while some subframes may be dynamically switched between downlink and uplink if eIMTA is utilized. 
If eIMTA is utilized in the neighboring cells, the UE would need to detect for CRS presence on a per-subframe basis in order to determine whether NAICS interference cancellation should be applied (assuming UE is not mitigating uplink interference). This needs to be done in all subframes which may be switched between DL and UL. Such detection obviously brings yet another dimension of uncertainty in the UE reception process, and should be, for performance and complexity reasons, avoided whenever possible. In particular, while eIMTA is used in some cells in some networks, in many/most cases eIMTA is not used at all. In such cases it would be very unfortunate if the UE would need to continuously perform CRS detection.
Hence, it would clearly be important to inform the UE at least about the utilization of eIMTA in the NAICS candidate cells so that the UE can skip CRS detection when eIMTA is not in use and perform NAICS safely in all subframes, indicated as downlink by the SIB1 UL-DL configuration. 

When eIMTA is in use, due to possibly non-ideal backhaul between the eNBs, it is clearly not always possible to inform the UE about the actual UL-DL configuration in use in the neighboring cells as it may change dynamically. In such case the UE would need to do CRS detection in all subframes that may be uplink or downlink in the neighboring cells. One further possibility would be to inform the UE about the SIB1-configured UL-DL configuration in use in the neighboring cells as that places further limits on which subframes may be dynamically switched between downlink and uplink. Hence that would limit also the CRS detection to a subset of subframes. Note that this signaling has no restrictions on the network operation.

Observations:

· To account for eIMTA and UL subframes, the UE will need to do CRS detection in all potentially flexible UL/DL subframes.

· Not all TDD networks use eIMTA – unnecessary CRS detection can be avoided by signaling whether eIMTA is utilized in the interfering cell.

· Further reduction in CRS detection is enabled by signaling of the SIB1-configured UL/DL configuration of the interfering cell.

· Narrows down the set of flexible UL/DL subframes further.

Proposal:

· Signal optionally the SIB1-configured UL-DL configuration of each NAICS candidate cell.

· The signaling may be used by the UE to determine fixed DL subframes.

· Absence of this signaling means that eIMTA is not used in the cell.

3. Conclusion 
In this contribution, we have provided our view on the higher-layer signaling of NAICS. Our proposals on the parameters to be signaled are listed as follows:

Proposal:

· Signal both zero-power and non-zero-power CSI-RS information to the UE.

· Signal an assumed PDSCH starting symbol to the UE per each NAICS candidate cell.

· Signal an associated QCL CSI-RS resource per combination of virtual cell ID and nSCID.
· CSI-RS also needs to be associated with CRS as in Rel-11 to enable reliable frequency tracking.
· Signal optionally the SIB1-configured UL-DL configuration of each NAICS candidate cell.

· The signaling may be used by the UE to determine fixed DL subframes.

· Absence of this signaling means that eIMTA is not used in the cell.
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