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1 Introduction
The Rel.12 NAICS WI was approved in RAN#63, where RAN4 is tasked to identify the parameter combinations that could be blindly detected jointly including if under any subset restriction, and RAN1 is responsible for deciding on the final higher-layer signalled parameters taking into account RAN4’s input. The topic was extensively discussed in RAN1#77 where the following agreements were reached: 
Agreements:
· The following parameters of interfering cells are signaled by higher layer

· Cell ID, PB
· CRS ports, i.e., 1, 2, and 4

· MBSFN pattern
· 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

· Restricted subset of PA 

· Subset size of  PA  at most 3 (baseline) or 4 values
· Synchronization of CP, slot, SFN, subframe and common system bandwidth for the serving cell and interfering cells are not signaled

· Synchronization of those parameters can be implicitly assumed at the UE when any higher layer signaling for NAICS is present

· UEs can assume the interference PDSCH resource allocation is at least 1 PRB pair when higher layer signaling for NAICS is present

· A larger interferer parameters granularity in frequency (resource allocation and precoding granularity) can be signaled to UE without any impact on scheduling in the network
Agreements:
· The following parameters of interfering cells are signalled by higher layer
· Restricted subset of PA 

· Data RE to RS power offset values should apply to QPSK PDSCH transmissions 
·  The exact values of PA will be determined until RAN1#78, including existing values and possible new values
· Working assumption: TM(s) used in eNB

· “x” bits to represent supported TMs, i.e., TM1, TM2 (a “fallback” mode),TM3,TM4,TM6,TM8,TM9,TM10
· FFS: QCL
· FFS: Zero power and non-zero power CSI-RS configuration (Optionally provided by eNB)
· FFS: PDSCH starting position

· FFS: TDD UL/DL configuration of interfering cells

· FFS: How to associate the above higher layer signalling with a cell ID or other parameters (e.g., virtual cell ID, nSCID)
· Network assistance signalling from serving eNB can be provided to UEs without any new NAICS-specific report/trigger from a UE
· FFS: Network assistance signalling from serving eNB can be provided to UEs with new NAICS-specific trigger, and if so the triggering event/condition
· RAN1 will continue the discussion whether to support of 4 CRS APs based CRS-based TMs and whether NAICS precoding matrix assistance signalling may be needed in this case.
So far the discussion has been focused on FDD where UE knows every subframe is a DL subframe. TDD-related issues including UL/DL configuration and special subframe (SS) configurations have not been discussed at all in the NAICS WI up until May 2014. This is a major missing piece and may hinder the timely completion and market adoption of NAICS in TDD in the Rel.12 timeframe.  Since TDD and FDD are equally prioritized in the WI, penalizing the TDD network should be avoided when it comes to NAICS deployment. In this contribution we focus on the remaining NAICS higher-layer signaling issues related to TDD. 
2 Discussion
2.1 Signaling of TDD configuration 

The RAN4 PDSCH demodulation and blind detection feasibility/reliability study has been FDD-centric in that UE knows a priori that interference is DL subframe. For TDD, UE blind decoding complexity could be higher if the UE additionally needs to blindly estimate the interference subframe type, including
· DL, UL 

· Special subframe configuration, e.g. length of DwPTS, indicating the last OFDM symbol to stop PDSCH interference cancellation/suppression. This is similar to PDSCH starting symbol but the impact on UE complexity is expected to be more significant.

DL/UL subframe type may be blindly detected by estimating the presence/absence of CRS, similar to the blind detection of MBSFN subframe. However, TDD subframe blind detection needs to be performed in almost all subframes in the worst case and should be minimized whenever possible in order to limit TDD UE complexity. It is noted that the same principle has been adopted for MBSFN configuration, which is possible for blind detection but is agreed to be higher-layer signalled due to UE complexity consideration.
Observation: TDD subframe type blind detection increases TDD UE complexity compared to FDD, and should be minimized when possible.

2.1.1 UL/DL configuration

The UL/DL configurations of various deployment scenarios are summarized below:
· macro and small cell without eIMTA:
typically synchronized UL/DL configuration between serving/interference cells;

· eIMTA with CCIM: synchronized UL/DL configuration;

· eIMTA without CCIM: unsynchronized UL/DL configurations possible.
For the first two cases, it is sufficient for NAICS UE to assume synchronized UL/DL configuration for the serving and neighboring cells. When the serving cell is not configured with eIMTA, NAICS UE assumes the neighboring cell follows the serving cell SIB-1 UL/DL configuration. If the serving cell is configured with eIMTA, NAICS UE assumes the neighboring cell follows the serving cell SIB-1 and L1-reconfigured UL/DL configuration. No blind detection of subframe type (UL or DL) is required at the UE.
For eIMTA without CCIM, in theory it is possible that an interference cell has a different UL/DL configuration than the serving cell. However, past simulation results in eIMTA study have shown that for two cells to use different UL/DL configurations, the eNB-eNB coupling loss has to be sufficiently large in order not to create severe uplink interference. As such, if the serving cell and a neighbor cell have different UL/DL configurations, the signal strength of the neighbor cell is expected to significantly weaker than that of the serving cell, and hence is unlikely to be the dominant interference cell for NAICS deployment. Given that the NAICS SID has concluded the majority of NAICS performance gain is seen with strong inter-cell interference, it is our understanding that unsynchronized DL/UL configuration is not a typical use case for NAICS deployment, and therefore no higher-layer signaling is needed to support this case.
Proposal: UE is allowed to assume synchronized UL/DL configuration, including SIB-1 and L-1 dynamic configurations, between the serving and interference cells.
If a convincing use case of unsynchronized UL/DL configurations can be provided for NAICS deployment, which is still missing in our view, higher-layer signaling for TDD should assist UE to reduce subframe type blind detection complexity as much as possible. 
2.1.2 SS configuration
TDD has a total of 10 special subframe configurations, and 6 DwPTS lengths ranging from 3 OFDM symbols to 12 OFDM symbols. What matters to NAICS UE is the DwPTS length that indicates the last OFDM symbol carrying PDSCH, where PDSCH interference cancellation/suppression should terminate. This serves exactly the same purpose as PDSCH starting symbol, but is more complicated since the PDSCH ending symbol (e.g. DwPTS length) cannot be derived from any other physical signals. This issue needs to be addressed regardless whether eIMTA is configured or not.
Several methods are possible to obtain the PDSCH ending symbol:
· Alt-1:  UE blind detection

· Alt-2:  UE assuming that the special subframe configuration is identical in the serving and interference cell

· Alt-3:  Higher-layer signaling

With UE blind detection several solutions are possible, but each has its own problem.
· For DMRS-based transmission mode the presence of PDSCH is uniquely determined by the presence of DMRS antenna ports. It has been agreed that 6 - 12 VCID+nSCID is higher-layer signalled to the UE and the presence of DMRS port can be estimated by detecting the presence of each of the 6-12 VCID+nSCID scrambled DMRS sequences. However, it is noted that the DMRS pattern in special subframe is not unique, and is a function of the special subframe type. Hence for each VCID+nSCID hypothesis the UE needs to check multiple DMRS patterns corresponding to different special subframe configuration, resulting in a multi-fold increase of complexity. Secondly, since different special subframe configurations with different DwPTS length may share the same DMRS pattern, even with successful detection of DMRS ports, the UE still cannot determine the exact DwPTS length.
· Another method is through PDSCH presence blind detection, e.g. blindly detect the presence of PDSCH in each OFDM symbol until the actual last OFDM symbol carrying PDSCH is found. On the surface it looks similar to the generic PDSCH presence detection problem concluded in RAN4. However, we note that the past RAN4 conclusion on PDSCH presence estimation was formulated under FDD with per-TTI based PDSCH presence/absence detection. If symbol-level PDSCH presence detection is performed, the amount of data samples available for detection is decreased and the detection reliability can be degraded. This problem has not been evaluated in RAN4 and its detection reliability is unclear. Lastly, UE complexity is higher with this approach.
Observation:
· DMRS antenna port detection cannot uniquely determine the DwPTS length.
· Symbol-level PDSCH presence detection appears feasible, but increases UE complexity.
With alt-2 the UE may assume that the special subframe configuration or the DwPTS length of the serving and interference cells is aligned. This should be sufficient if synchronized configurations is considered sufficient for TDD operators. Lastly, higher-layer signaling is another possibility, avoiding UE blind detection completely and allows the maximum TDD deployment flexibility. At this moment our preference is alt-2.
Proposal: UE is allowed to assume synchronized SS configuration (or DwPTS length) in the serving and interference cells. 
2.2 Support of NAICS
The current study in FDD implies that interference cancellation/suppression is implemented in all DL subframe. For TDD, NAICS functionality should at least be supported in all DL subframes in the SIB-1 UL/DL configuration of the serving cell.

Special subframe is a vital component in TDD network and TDD operators should have a chance to benefit from NAICS receiver in the special subframes as well. This is particularly useful for small-cell eIMTA where the SIB-1 UL/DL configuration is mostly likely UL-heavy, e.g. configuration 0 where special subframe constitutes up to 50% of the fixed downlink transmission resources. Not supporting NAICS in special subframe renders NAICS functionality only applicable in a fraction of DL transmission resources in TDD, compared to FDD where UE can benefit from advanced receiver in all subframes.

Proposal: NAICS-capable UE should support NAICS functionality in SIB-1 DL subframe and special subframe in the serving cell.

For a serving cell configured with eIMTA, a NAICS-capable UE should support NAICS functionality in flexible DL subframes as well. Given that the SIB-1 UL/DL configuration is likely an UL-heavy configuration, flexible DL subframe should be exploited when NAICS implementation is available.
Proposal: NAICS-capable UE should support NAICS functionality in flexible DL subframes in the serving cell when eIMTA is configured.

3 Conclusions
In this contribution we provided our views on the outstanding issues related to NAICS operation in TDD, with the following observations.

Observations: 

· TDD subframe type blind detection increases UE complexity compared to FDD, and should be minimized when possible.

· DMRS antenna port detection cannot uniquely determine the DwPTS length.

· Symbol-level PDSCH detection appears feasible, but increases UE complexity.

Based on the discussion our preferences are concluded below.
Proposals:
· UE is allowed to assume synchronized UL/DL configuration, including SIB-1 and L-1 dynamic configurations, between the serving and interference cells.

· UE is allowed to assume synchronized SS configuration (or DwPTS length) in the serving and interference cells. 

· NAICS-capable UE should support NAICS functionality in SIB-1 DL subframe and special subframe in the serving cell.

· NAICS-capable UE should support NAICS functionality in flexible DL subframes in the serving cell when eIMTA is configured.
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