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1. Introduction & Background
The new work item [1] for NAICS was approved for Release 12 in RAN #63 meeting and the objective for RAN1 includes:
· (RAN1) Starting from the candidate parameters identified for higher-layer signalling in the study item conclusion in RAN1 and any subset restriction under which RAN4 identifies that some parameter combinations could be blindly detected jointly, RAN1 will decide on the final higher-layer signalled parameters, including any subset restriction, taking into account:

· RAN4’s input and conclusion on the parameter combinations that could be blindly detected jointly, including if under any subset restriction for any parameters

· The system impact of higher-layer signalling or network coordination, including signalling overhead and the performance impact of any scheduling restriction due to subset restriction.
In RAN1 #76bis meeting, following working assumptions for higher-layer signaling are made.

· Following parameter could be signalled by higher-layer signalling

· Information related to PB

· Set of less than 8 power offset values

· 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 addition, in RAN4 #70bis in April 2014, the following agreements are made:

Agreement: Cell ID is needed for higher layer signaling

Agreement: Interferer parameters are assumed to have granularity of at least 1 PRB pair in time. Further bundling in frequency domain is FFS.
where the first agreement means that cell ID is signaled, and the second agreement implies that NAICS receiver may assume that interference characteristics do not correspond to DVRB in neighbor cell.

More RAN4 agreements regarding blind detection are made in [2]. Details are not listed in this section to avoid lengthy introduction, but some contents may be quoted in later sections when they are necessary for discussions.
In this contribution, potential higher-layer signaling for NAICS receivers is discussed in section 2. In addition, some key issues for NAICS WI such as 1) number of CRS ports and 2) contents of NAICS capability are discussed in section 3 and 4, respectively.  
2. Discussion on higher-layer signalling
Considering cell-specific/UE-specific and dynamic/(semi-)static, these candidate parameters could be caterized into five types as discribed in Table 1.
Table 1. Five Catagory of the Candidate Parameters

	Network deployment parameters
	System bandwidth

	
	Synchronization indication

	Cell-specific and (semi-)static
	Cell ID

	
	CRS antenna ports

	
	MBSFN configuration

	
	PB 

	UE-specific and semi-static
	PA

	
	TM

	
	CSI-RS configuration

	
	QCL

	Cell-specific and dynamic
	CFI

	UE-specific and dynamic
	Modulation 

	
	PMI

	
	RI

	
	DMRS Port

	
	RA granularity and RA type

	
	DMRS VCID


2.1. Network deployment parameters
Since NAICS UEs who experience strong interference are mainly distributed in cell edge, the network deployment parameters such as synchronization of CP, slot, SFN, subframe and system bandwidth could be easily detected from PSS/SSS and/or PBCH of the interfering cells. Besides, according to RAN4 #70bis agreement, synchronization of CP, slot, SFN, subframe and common system bandwidth for the serving cell and interfering cells can be implicitly assumed if NAICS signaling is present. Thus there is no strict need to signal or blind detect network deployment parameters.
Proposal 1: Synchronization of CP, slot, SFN, subframe and common system bandwidth for the serving cell and interfering cells may be assumed to be aligned if NAICS signaling is present.
2.2. Cell-specific and (semi-)static parameters
Cell ID: Cell ID would be needed for higher-layer signalling according to RAN4 #70bis agreement. The main purpose of signalling cell ID is to identify other cell-specific parameters according to last meeting RAN4 discussions.
CRS antenna ports: CRS antenna port is discussed in section 3. In general blind detection of CRS antenna ports is slightly preferred but we are also open to other options listed in section 3.
MBSFN configuration and PB: Although MBSFN configuration may be blindly detected, UE may have to continuously detect MBSFN configuration if it is not signalled, which implies unnecessary computation burden and more power consumption. Besides, signaling of them would not impose a restriction on network operation, and the signalling overhead is not severe. Hence, MBSFN configruation may be signalled to NAICS UEs. 
2.3. UE-specific and semi-static parameters
PA: PA related to ρA is UE-specific and semi-static, higher-layer signalling with subset resitriction could reduce the blind detection complexity. Potentially 4 out of the 8 current PA values may be used.
TMs: In one cell the UEs may be operated in different TMs, both CRS-based and DMRS-based TMs are possible. Since a real network does not use all TMs it looks beneficial to restrict TMs to reduce UE complexity. In general a UE should be able to detect all TMs (especially if RAN4 makes such conclusion), and in such case a higher-signalling of candidate TMs can help UE to reduce computation burden when UE carry out blind detections. A simple bitmap of availability of TMs may be considered for TM restrictions for full flexibility, but other options with smaller overhead may be discussed as well. 
CSI-RS configuration: The number of CSI-RS patterns for FDD/TDD system is 20/32 in one PRB for 2 ports, respectively. Besides, the periodicities of CSI-RS could be 5ms, 10ms, 20ms, 40ms, and 80ms. Therefore, blind detection of CSI-RS configuration may cause high complexity. In a typical network, CSI-RS resources could be managed in a cell/TP-specific manner although the signaling is UE specific. Therefore, higher-layer signaling of CSI-RS configuration may be considered since it does not cause much scheduling constraint. 
QCL: QCL assumption is configured via higher layer signaling for TM10 transmission, which defines the relationship between DMRS and CRS/CSI-RS transmitted from different TPs. When the interfere is configured with Type-B QCL assumption, QCL parameters derived from CRS may not be useful for processing the interfering PDSCH based on DMRS. Thus, higher-layer signalling of QCL can be supported.
2.4. Cell-specific and dynamic parameter
CFI: CFI indicates the number of PDCCH symbols which changes along with scheduling per TTI. In a typical network, CFI changes slowly although the PCFICH is dynamic. Therefore in our view it is possible to semi-statically signal CFI but this would also depend on network vendor’s view. 
2.5. UE-specific and dynamic parameters
As agreed in RAN4 last meeting, dynamic parameters namely “modulation, PMI, RI, presence of interferer” for CRS-based TMs and “modulation, RI, DMRS ports, nSCID, presence of interferer” for DMRS-based TMs can be jointly and blindly detected for 2 CRS APs case and 2 DMRS ports (port 7 and 8) respectively, under assumption that remaining semi-static parameters, PA, and TM are known and under scenarios studied in RAN4. 
RA granularity and RA type: Considering UE blind detection performance and complexity, RA granularity should be at least one PRB pair in time as decided in RAN4. However, if the RB pair of interference is mapped in distributed manner namely DVRB, the parameters between the first and the second time slot would be different. What’s more, there are two different gap values for VRB-to-PRB mapping if system bandwidth is more than 50 RBs. Thus, the NAICS UE may not be able to detect the interference parameters without this mapping information. There are three possible approaches,
Alt. 1: Higher-layer signaling of gap value

The gap value could be signaled semi-statically by serving cell while supporting network coordination among cells and a restriction to the gap value (e.g. one gap value only). This approach can provide frequency diversity gain for small packets but increases UE blind detection complexity.
Alt. 2: UE may assume interference characteristics do not correspond to DVRB
This is the simplest solution, which could guarantee UE blind detection performance. However, this approach imposes certain scheduling restriction to interfering cells and lost the frequency diversity gain for small packets.
Alt. 3: UE may assume interference characteristics do not correspond to DVRB in certain subframes.
This solution is similar to Alt. 2. The difference is that Alt. 3 may assume DVRB is not used in certain subframes. This may alleviate the scheduling constraint issue in Alt. 2 because the interfering cell can still use DVRB in the remaining subframes. The subframes may be signaled by higher layer signaling. 
Proposal 2. Alt. 3 is slightly preferred: UE may assume interference characteristics do not correspond to DVRB in certain subframes.
DMRS VCID: The pseudo-random sequence generator for DMRS is initialized considering one quantities “virtual cell ID” which can take 512 values in TM10. This is impossible for UE bind detection with no restriction on the 512 candidates. Thus, the virtual cell ID needs to be restricted as agreed in RAN1 last meeting.
In summary, our views on the candidate parameters are listed in TABLE 2.
Table 2. Proposal 3: Views on higher layer signalling for NAICS
	Parameters
	Views

	Network deployment parameters
	System bandwidth
	Implicitly assumed same as serving cell

	
	Synchronization indication
	Implicitly assumed same as serving cell

	Cell-specific and (semi-)static
	Cell ID
	Higher-layer signalling

	
	CRS antenna ports
	Higher layer signaling {1, 2, reserved}

	
	MBSFN configuration
	Higher-layer signalling

	
	PB 
	Higher-layer signalling

	UE-specific and semi-static
	PA
	Subset Restriction

	
	TM
	Subset Restriction

	
	CSI-RS configuration
	Higher layer signalling

	
	QCL
	Higher-layer signalling

	Cell-specific and dynamic
	CFI
	Higher layer signalling(initial view) 

	UE-specific and dynamic
	Modulation 
	Blind detection

	
	PMI
	Blind detection

	
	RI
	Blind detection 

	
	DMRS Port
	Blind detection

	
	RA granularity and RA type
	1 PRB pair / restriction

	
	DMRS VCID
	Subset Restriction


3. Discussion on number of CRS port

3.1. Current RAN4 status

In the last meeting, RAN4 makes following agreements in [2] (Agreements on DMRS based TMs are omitted since they are irrelevant in this section):
· CRS based TMs: Dynamic parameters namely Modulation, PMI, RI, presence of interferer can be jointly detected  for 2 CRS APs case under assumption that remaining semi-static parameters, P_A and TM are known and under scenarios studied  in RAN4

· Known parameters are assumed to be signaled or blindly detected correctly

· Scenarios studied in RAN4:

· Serving cell with two interferers: Cell ID (0, 6, 1), CRS ports (2-tx), No MBSFN and no detection at UE

· Synchronized deployment with SFN alignment, same CP, slot alignment, no frequency error

· P_B known (P_B = 1), LVRB

Based on the above agreements, it is clear that RAN4 is ready to blindly detect dynamic parameters under 2 CRS port scenario. On the other hand, nothing is concluded on the feasibility of blind detection complexity under 4 CRS port scenario.

In our understanding, it is difficult for RAN4 to conclude the blind detection complexity for 4 CRS port scenario in R12, mainly due to the complexity of detecting PMI in TM4. If we have to consider blind detection for 4 CRS port in R12, mostly likely PMI restriction would be necessary, which means NAICS WI will be not finished in R12 considering limited remaining time. It should be noted that current codebook subset restriction is the signaling from eNB to UE for feedback purpose, and has nothing to do with the transmit PMI restriction.

Overall enforcing the support of 4 CRS port scenarios in R12 implies that NAICS WI cannot be finished in R12, and consequently the support of 2 CRS port scenarios would also be delayed to R13. Therefore we observe:
Observation 1 : Enforcing the support of 4 CRS port scenarios in R12 does not benefit 4 CRS port scenarios but only penalize 2 CRS port scenarios.

3.2. Typical Deployment of CRS ports

In this section we discuss the configuration of CRS ports for 2/4/8 Tx antenna respecitvely. We emphasize that number of CRS port does not directly corresponds to the number of Tx antenna considering antenna virtualization.
2 Tx antenna: this is the most popular and widely used antenna configuration. With 2 Tx antenna, 2 CRS ports are always used, and 4 CRS port is not viable.

4 Tx antenna: 4Tx antenna has not been widely deployed. There are two options to deploy 4 Tx antenna:

Option 1: 2 CRS port, and 4 CSI-RS port.
Option 2: 4 CRS port, and 4 CSI-RS port

With option 1, the 4 Tx antenna are virtualized to 2 CRS port.

Both options are viable. In our understanding, option 1 is slightly better because the CRS overhead is much reduced compared to option 2, especially in TM2 and 3. Option 2 allows 4 CRS ports in TM4, but option 1 also allows TM9 with 4 CSI-RS port, which should yield similar performance in terms of 4 Tx operation.
8 Tx antenna: 8 Tx antenna is another important antenna configuration widely used in our network. The deployment of 8 Tx antenna is based on 2 CRS port and 8 CSI-RS port, respectively, where the 2 CRS port is virtualized by the 8 Tx antenna. There is no particular reason to use 4 CRS port in 8 Tx antenna system.
Based on the above discussion, we make the following observations:

Observation 2 : Most commercial systems are based on 2 Tx and 8 Tx antenna, which are 2 CRS port scenarios. For the 4 Tx antenna system, 2 CRS port and 4 CSI-RS port seems a more sensible operation, which do not need to introduce 4 CRS ports.
Based on observation 1 and 2, considering RAN4 workload and real world deployment, it is possible to propose :

Proposal 4 :

· If RAN4 conclude complexity for 4 CRS port is viable in R12, support 4 CRS port in R12 ; 

· Otherwise, include the support of NAICS for 2 CRS port scenarios in R12, and further study blind detection complexity of 4 CRS port scenarios in R13
3.3. Higher layer signalling of number of CRS ports

Cell ID was agreed to be signalled in last RAN4 meeting. It seems natural to also signal numbe of CRS ports. On the other hand, the details of signalling should still be discussed and relevant UE behavior need to be clarified.

Based on discussions in section 3.1 and 3.2, in R12 UE may only support 2 CRS port scenario. One natural option is signal number of CRS ports up to two :{1,2}. However, this signalling may be not future proof because new signalling would be needed in R13 to signal number of CRS port when RAN4 finish the work for 4 CRS port deployment in R13.

Another option is to signal number of CRS ports up to four : {1,2, 4}. However, the UE behaviour in this case needs to be clarified if UE receives signalling of 4 CRS port which may be beyond the capability of R12 NAICS UEs. One possible clarification is that “A UE is not expected to cancel neighbor cell PDSCH interference when the signaled number of CRS port exceeds UE ability.”, because the most possible eNB behavior is to not signal NAICS relevant higher layer signaling if neighbor cell CRS port exceeds UE ability.

The above two options either not future proof or need some clarifications of UE behavior. The third option is to signal CRS port using {1, 2, reserved}.  This would allow convenient revision in future release and would not cause much need to clarify relevant UE behavior. Therefore we propose :
Proposal 5 :

· If RAN4 conclude complexity for 4 CRS port is viable in R12, NAICS UE capability would support up to 4 CRS port, and the CRS port is signalled using {1 ,2, 4}
· Otherwise, NAICS UE capability would support up to 2 CRS port, and the CRS port is signalled using {1 ,2, reserved}
Another possiblity is not to signal CRS port, and UE shall blindly detect number of CRS port. In that case, UE behavior should also be clarified if UE detect 4 CRS port for neighbor cell. It seems more difficult to clarify the UE behavior without CRS port signalling, because eNB does not know what is the detected number of CRS at UE side, i.e., it seems difficult to reuse “A UE is not expected to cancel neighbor cell PDSCH interference when the detected number of CRS port exceeds UE ability.”

4. Discussion on NAICS capability
Section 3 shows that NAICS capability in R12 may support up to 2 CRS port. Another discussion topic is NAICS should cancel interference for what types of physical channels.

Up to now NAICS mainly intends to cancel PDSCH interference. In addition, RAN4 results show that CRS-IC would greatly improve NAICS performance on top of PDSCH-IC [3]. Therefore, CRS-IC is a natural part of NAICS capability, which is relatively common view in RAN4 from our perspective.
It is noted that CRS-IC is a part of FeICIC capability. It is further noted FeICIC capability includes IC for other types of channels such as PBCH-IC and PSS/SSS-IC. From our perspective, those IC abilities are also important for NAICS operation in a real network. Therefore we propose:

Proposal 6 : NAICS capability supports the following IC abilities :

· PDSCH-IC, CRS-IC, and other IC abilities supported by FeICIC such as PBCH-IC.
It should be noted that CRS-IC and PBCH-IC are existing abilities for FeICIC operation, and would not introduce any additional UE implementation effort. Current agreement of the higher layer signalling for NAICS is already a superset of higher layer signalling for FeICIC, so there is also no additional standardization effort if signalling of CRS port is agreed.
5. Conclusion
Some initial considerations on higher-layer signalling for NAICS receivers are discussed in this contribution, and our views on the candidate parameters are listed in Table 2. Below listed the proposals on higher layer signaling:
Proposal 1: Synchronization of CP, slot, SFN, subframe and common system bandwidth for the serving cell and interfering cells may be assumed to be aligned if NAICS signaling is present.
Proposal 2: Views on higher layer signalling for NAICS
	Parameters
	Views

	Network deployment parameters
	System bandwidth
	Implicitly assumed same as serving cell

	
	Synchronization indication
	Implicitly assumed same as serving cell

	Cell-specific and (semi-)static
	Cell ID
	Higher-layer signalling

	
	CRS antenna ports
	Higher layer signaling {1, 2, reserved}

	
	MBSFN configuration
	Higher-layer signalling

	
	PB 
	Higher-layer signalling

	UE-specific and semi-static
	PA
	Subset Restriction

	
	TM
	Subset Restriction

	
	CSI-RS configuration
	Higher layer signalling

	
	QCL
	Higher-layer signalling

	Cell-specific and dynamic
	CFI
	Higher layer signalling(initial view) 

	UE-specific and dynamic
	Modulation 
	Blind detection

	
	PMI
	Blind detection

	
	RI
	Blind detection 

	
	DMRS Port
	Blind detection

	
	RA granularity and RA type
	1 PRB pair / restriction

	
	DMRS VCID
	Subset Restriction


In the above table, for RA granularity and RA type, if disabling DVRB is too prohibitive for scheduling flexibility, it is possible to disable DVRB only in certain subframes to alleviate the problem, i.e., UE may assume interference characteristics do not correspond to DVRB in certain subframes.
Proposal 3. For the signaling of RA type and RA granularity, Alt. 3 is slightly preferred: UE may assume interference characteristics do not correspond to DVRB in certain subframes.
For the number of CRS port, we make the following observations:

Observation 1 : Enforcing the support of 4 CRS port scenarios in R12 will do no benefit to 4 CRS port scenarios and only penalize 2 CRS port scenarios, considering the possibility to finish 4 CRS port evaluations in RAN4

Observation 2 : Most commercial systems are based on 2 Tx and 8 Tx antenna, which are 2 CRS port scenarios. For the 4 Tx antenna system, 2 CRS port and 4 CSI-RS port seems a more sensible operation, which do not need to introduce 4 CRS ports.

Based on the observations, it is possible to make the following Proposal 4:
· If RAN4 conclude complexity for 4 CRS port is viable in R12, NAICS UE capability would support up to 4 CRS port, and the CRS port is signalled using {1 ,2, 4}

· Otherwise, NAICS UE capability would support up to 2 CRS port, and the CRS port is signalled using {1 ,2, reserved}

For the content of NAICS capability, we see interference cancelation for other channels are also useful for a sucessful operation of NAICS in real network, which means :

Proposal 5 : NAICS capability supports the following IC abilities :

· PDSCH-IC, CRS-IC, and other IC abilities supported by FeICIC such as PBCH-IC.
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