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1 Introduction

In the past week email discussions were used in order to initially discuss the list of parameters required for certain receivers, [1]. Additionally initial discussions took place on whether signalling or network coordination or UE detection or estimation of the parameters is possible. This document provides further details on this discussion.
2 List of parameters per receiver type
The following tables provide a list of parameters required for the UE in order to implement an advanced receiver. The list is provided for a sub-ensemble of the receivers which were initially mentioned in the TR. Table 1 includes parameters needed for PDSCH interference handling. Table 2 provides the parameters needed for CSI-RS and CRS, DM-RS interference handling. Control channel interference is not considered at this stage of the study item. However, it should be noted that interference coming from control channels such as PDCCH and/or EPDCCH will need to be taken into account in future analysis. It is proposed to clearly separate in the TR the UE parameter needs depending on the target interfering signal the UE has to handle.
Table 1. Parameters need for PDSCH interference handling
	Parameters
	LMMSE-IRC
	E-LMMSE-IRC
	R-ML
	SLIC
	L-CWIC
	Comments

	Independently from the TM used in the NC.
	Synchronization: slot/frame alignment
	NO
	YES
	YES
	YES
	YES
	Synchronization up to certain impairment is the assumption for the SI. A-synchronized networks are not precluded.

	
	CP length
	NO
	YES
	YES
	YES
	YES
	

	
	CFI
	NO
	YES
	YES
	YES
	YES
	

	
	MBSFN configuration
	NO
	YES
	YES
	YES
	YES
	

	
	RI
	NO
	YES
	YES
	YES
	YES
	

	
	CRS AP
	NO
	YES
	YES
	YES
	YES
	

	
	Cell ID
	NO
	YES
	YES
	YES
	YES
	

	
	Modulation Order
	NO
	NO
	YES
	YES
	YES
	

	
	MCS
	NO
	NO
	NO
	NO
	YES
	

	
	RNTI
	NO
	NO
	NO
	NO
	YES
	

	
	TM
	NO
	YES
	YES
	YES
	YES
	

	If CRS TMs are used in NC
	PMI
	NO
	YES
	YES
	YES
	YES
	

	
	Data to RS EPRE
	NO
	YES
	YES
	YES
	YES
	

	
	System bandwidth
	NO
	YES
	YES
	YES
	YES
	

	
	PDSCH allocation
	NO
	YES
	YES
	YES
	YES
	

	If DM-RS TMs are used in NC
	PDSCH bandwidth for DM-RS
	NO
	YES
	YES
	YES
	YES
	

	
	DMRS APs
	NO
	YES
	YES
	YES
	YES
	

	
	nSCID
	NO
	YES
	YES
	YES
	YES
	

	
	CSI-RS presence and their pattern
	NO
	YES
	YES
	YES
	YES
	

	
	Virtual cell ID
	NO
	YES
	YES
	YES
	YES
	


 Table 2. Parameters need for reference signal interference handling (CRS, CSI-RS, DM-RS)

	Parameters
	LMMSE-IRC
	E-LMMSE-IRC
	R-ML
	SLIC
	L-CWIC

	Independently from the reference signal interference to handle
	Synchronization: slot/frame alignment
	NO
	YES
	YES
	YES
	YES

	
	CP length
	NO
	YES
	YES
	YES
	YES

	
	CRS AP
	NO
	YES
	YES
	YES
	YES

	
	Cell ID
	NO
	YES
	YES
	YES
	YES

	
	MBSFN configuration
	NO
	YES
	YES
	YES
	YES

	For DM-RS
	DMRS APs
	NO
	YES
	YES
	YES
	YES

	
	Virtual Cell ID
	NO
	YES
	YES
	YES
	YES

	
	nSCID
	NO
	YES
	YES
	YES
	YES

	
	PDSCH bandwidth for DM-RS
	NO
	YES
	YES
	YES
	YES

	For CSI-RS
	CSI-RS APs
	NO
	YES
	YES
	YES
	YES

	
	CSI-RS configuration duty cycle and subframe offset
	NO
	YES
	YES
	YES
	YES


In the following section we provide some information of the parameters which can be detected or estimated by the UE. For the parameters which require assistance an initial assessment of the drawbacks and benefits related to different options (signalling vs coordination) is provided.
In the following we are focusing on the parameters provided in Table 1.
3 Discussion on parameters
In the following we discuss some of the parameters mentioned in the tables above.
Synchronization: It has been decided that under the SI only synchronized networks are considered. However what is important from the UE point of view is the relative timing difference and frequency difference between the serving cell and the neighbour cells it wants to cancel. In CoMP and FeICIC different assumptions were considered and those can be adopted also in NAICS. Those impairments should be explicitly modelled. The UE can detect this information without the need of assistance thanks to normal cell search procedures.  Additionally it can also detect whether a cell can be considered as synchronized or not. Advanced receivers which are considered under NAICS SI could be considered as well in an unsynchronized network. However, further studies are needed to understand whether sufficient gains can be expected for reasonable complexity. 

Proposal 1: Consider, for the time being, only synchronized networks without the need of any network assistance; also there is no need to enforce any coordination among the neighbour cells. Unsynchronized case can be considered in a later phase. 

CP length: Different cells could in principle use different CP length (normal or extended). The CP length should be known by the UE in order to correctly demodulate the OFDM symbols. Hence the UE shall know which CP is in use in all the neighbor cells in order to demodulate (and decode for certain receiver) the neighbor cell information. The CP length is detected thanks to the synchronization and cell search procedure. In fact, the SSS precise position of the cell the UE is trying to synchronize to, changes depending on the CP length configured for the cell. The UE blindly detect the CP length by checking 2 different SSS positions. This can be done also for the NCs. 
If different CP lengths are used in a synchronized network the overall effect would be similar to the unsynchronized network case. In order to limit UE complexity in a synchronized network and or to improve performance, coordination can be used in the network to ensure that the same CP length is considered. 
Proposal 2: For synchronous network case, it is assumed that the network can coordinate and use the same CP length across NCs. Blind detection could be considered or a signalling to indicate that the same CP is used among all the cells.
Data to RS EPRE: Interference cancelation techniques typically rely on knowledge of the channel over which the interfering symbols are transmitted. The channel may at least partly be obtained from the reference signals associated with the interfering signal of interest. UE specific RS is transmitted in the same manner as the corresponding data so in that case the complete channel may be determined by the these RSs. This is however not the case when the interfering signal is associated to CRS since the channel over which the data symbols are transmitted may be scaled differently than the channel seen by CRS. The data to RS EPRE is signaled for the serving cell via an RRC signaling referred to as PA and PB in the specifications. The former parameter involves the ratio with respect to data symbols in OFDM symbols that do not carry CRS while the latter parameter determines the energy ratio between data symbols in OFDM symbols carrying CRS and data symbols in OFDM symbols not carrying CRS. This kind of parameterization could be reused for describing characteristics of interfering signals (in a cell specific manner rather than user specific). However, power ratio changes continuously, and signaling of these parameters independently for each cell requires too high signal overhead. In order to limit the overhead solutions could be considered such as for example slowing the variability rate of this parameter in the NCs or requiring a certain coordination between the NCs and the serving cell.  Additionally, it may be discussed further whether these data to RS EPRE for NC is needed also for QPSK modulation. 

Proposal 3: Data to RS EPRE is already signaled in the serving cell, the same methodology could be reused for the NC. However, solutions should be discussed in order to limit the signaling overhead due to continuous change of power ratios in NCs through e.g. network coordination.
CFI: In LTE up to the first three or four OFDM symbols in a subframe are devoted to DL control (PDCCH, PCFICH, PHICH). Transmit diversity is generally used as transmission scheme with the control region. The characteristics of the DL control signal are therefore typically widely different from the characteristics of the signals sent on PDSCH. It is important for an advanced receiver UE to appropriately deal with the difference in interference characteristics between the control region and the data region to maximize performance. The problem is that the control region size may vary from one cell to another and a UE only knows about its own cell’s control region size thanks to PCFICH decoding.

PCFICH decoding for the NC can be considered as feasible from the UE without the need for specific network assistance. The UE could read the NC PCFICH based on the knowledge of physical cell ID and a cell specific scrambling sequence which is function of the physical cell ID. This should be possible if the UE is capable of measuring channel quality and reading PBCH. While the information of CFI is not needed for robust receivers such as LMME-IRC, it could improve the performance of E-LMMSE-IRC and SLIC and it is essential for CWIC receivers. In order for the UE to read PCFICH from NC certain NC SNR requirements need be satisfied. Possibly more analysis on the specific NC PCFICH SNR may be needed.  Alternatively and/or in order to limit the complexity related to the NC PCFICH reading some network assistance could be also considered, e.g. to indicate whether the same CFI is used in target cell and NCs or other methodologies.
RAN 4 agreed to concentrate on PDSCH to PDSCH interference during the SI. However, overlapping PDCCH and PDSCH can happen (as already acknowledged in CoMP WI), and in order to have good performance gain and advanced receiver UE should be capable of handling PDCCH interference as well. Always limiting the use of control region in certain NCs (depending on the conditions such as system bandwidth) may introduce performance degradation in the NC and hence it is not an attractive solution. 
However in order to conclude the work in a timely manner aligned CFI can be considered during the study item with the assumption that more generic conditions including also PDCCH and PDSCH overlap will be studied in a later phase.

Proposal 4: CFI can be blindly detected by the UE through NC PCFICH reading, alternatively some signaling could be considered in case all the NCs uses the same CFI in order to limit the UE complexity in this case. No network coordination is needed.  

MBSFN configuration, Cell ID, CRS APs: under FeICIC, these parameters are signaled to the UE in order to facilitate the CRS interference handling. However, blind detection of these parameters could be potentially considered in the UE. For example, MBSFN configuration is semi-statically configured and it is likely that NCs schedule MBSFN data during the same subframes as in the serving cell. Additionally the subframes where PMCH is scheduled are characterized by a very specific RS grid, which is much denser than the normal CRSs grid. The UE can detect whether this pattern is used and estimate the presence of MBSFN subframes.

Cell ID can be detected by the UE via normal synchronization procedures and hence there is no need to signal this parameter.

The number of CRS APs used in the NCs can be detected by the UE via NC PBCH reading. In fact, eNodeBs with 2 or 4 antenna ports transmit PBCH using SFBC. The UE blindly detect the number of antenna ports for the serving cell via several decoding attempts according to the different SFBC schemes (additionally the MIB CRC is related to the number of antenna ports). However more analysis is needed to understand whether sufficient NC PBCH SNR conditions can be achieved in typical interference scenarios such that reliable NC PBCH reading is a valid assumption (it is expected that if NC IC is feasible then PBCH reading could be feasible). 
Proposal 5: MBSFN configuration could potentially be blindly estimated by the UE. This requires further analysis. Neighbour Cell IDs do not need to be signaled as the UE can blindly detect them via regular search cell procedures. CRS AP can be considered as potentially blindly detectable by the UE after reading NC PBCH (analysis on the NC PBCH decoding reliability may be needed).   

System Bandwidth: System bandwidth information is carried by PBCH. The same discussion as CRS AP can be considered here. Note also that it is not necessary that carrier frequencies collide.
Proposal 6: System Bandwidth can be considered as potentially blindly detectable by the UE after reading NC PBCH (analysis on the NC PBCH decoding reliability may be needed).   
nSCID and n_ID(DMRS): Data transmission based on transmission mode 8, 9 and 10 in LTE uses DMRS. These pilot values depends on slot number n_s, n_ID^(i) and n_SCID. In general, the serving cell signals to the terminal the value of n_SCID, if used, via control information (DCI) for each subframe (n_SCID is zero unless specified otherwise). nSCID could be either blindly detected by the UE (in case the UE is capable of reading the control channel of each interfering cell) or if necessary a network assistance (e.g. signaling the exact nSCID used in each cell) or coordination approach (e.g. using the same nSCID) could be considered. 

If the n_ID(DMRS) is used, the network signals this parameter otherwise the physical cell identity is used which is obtained by detecting and estimating NCs PSS/SSS. If a DM-RS specific ID is used then this can take one out of 504 values. 

In the case of n_ID(DMRS) full UE blind detection can be challenging in terms of complexity and reliability. However full signaling of this parameter for each NC can increase the overhead. Hence some network coordination could be introduced in order to limit the UE search space. Further discussions are needed.
Proposal 7: nSCID could be either blindly detected by the UE or if necessary a network coordination approach could be considered. For n_ID(DMRS) some network coordination could be introduced in order to limit the UE search space. Further discussions are needed.

PDSCH allocation for CRSs and PDSCH allocation for DM-RS: 

While for DM-RS based TMs the PDSCH allocation follows the DM-RS scheduling and hence can be blindly detected by the UE for CRSs based TMs it can not be detected via CRSs. 

LTE provides great flexibility when it comes to scheduling. Transport blocks can be mapped to resources on a granularity as fine as a single resource block pair. In addition, the very notion of a resource block pair also carries some flexibility since the two resource blocks in a resource block pair do not necessarily span the same subcarriers due to the support of both distributed and localized virtual resource blocks. All this flexibility makes it harder for the UE to reliably estimate parameters since the interfering signals are at most guaranteed to be stationary a single resource block pair. 

In order for the UE to have a complete information of the PDSCH resource allocation of the NCs, NCs PDCCH and DCI decoding is necessary or equivalent dedicated signaling for the purpose of interference handling would be needed. However, this may require high complexity from the UE point of view and/or high signaling overhead. In order to mitigate this issue the network could inform the UE whether some restrictions in terms of NC PDSCH allocation can be assumed by the UE such as the granularity of the scheduling or the allocation type with the aim of reducing the UE search space.
Proposal 8: DM-RS based TM PDSCH allocation can be detected via DM-RS allocation. PDSCH allocation for CRS based TMs can be potentially detected by the UE with the help of network signaling which restrict the UE search space.

RI/PMI and TM, Modulation order:
These parameters can be potentially estimated by the UE based on analysis of interference signal. Reliability of the estimation can be further studied, in terms of impact of blind detection on the overall performance, and if needed impairments should be captured as input to RAN 1 for the system level evaluation.

As a matter of example in the following we provide initial simulation results to show the effect of TM and RI detection and PMI on the overall performance.

The simulation results are provided for TM4 and TM9 for I1/Noc=7.68dB and I2/Noc =2.16dB, we consider low modulation order MCS5 on Serving Cell and Neighbour Cells, low SINR region, 50%-ile NC INR 
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Figure 1. TM4
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Figure 2 TM9

Proposal 9: RI/PMI and TM, Modulation order are candidates for blind estimation. Initial analysis show that small degradation can be seen because of TM and RI estimation. Further studies and alignment is needed to quantify the expected loss by blindly estimating these parameters.
DM-RS antenna ports: This parameter can be also considered as a potential candidate for blind detection. 
4 Conclusions

In this paper we discuss the parameters for which blind detection or estimation is considered as potentially feasible, and the parameters for which network signalling can reduce the UE complexity and for which coordination can either reduce the UE complexity or reduce the signalling overhead. The following proposals are made:

Proposal 1: Consider, for the time being, only synchronized networks without the need of any network assistance; also there is no need to enforce any coordination among the neighbour cells. Unsynchronized case can be considered in a later phase. 

Proposal 2: For synchronous network case, it is assumed that the network can coordinate and use the same CP length across NCs. Blind detection could be considered or a signalling to indicate that the same CP is used among all the cells.
Proposal 3: Data to RS EPRE is already signaled in the serving cell, the same methodology could be reused for the NC. However, solutions should be discussed in order to limit the signaling overhead due to continuous change of power ratios in NCs through e.g. network coordination.
Proposal 4: CFI can be blindly detected by the UE through NC PCFICH reading, alternatively some signaling could be considered in case all the NCs uses the same CFI in order to limit the UE complexity in this case. No network coordination is needed.  

Proposal 5: MBSFN configuration could potentially be blindly estimated by the UE. This requires further analysis. Neighbour Cell IDs do not need to be signaled as the UE can blindly detect them via regular search cell procedures. CRS AP can be considered as potentially blindly detectable by the UE after reading NC PBCH (analysis on the NC PBCH decoding reliability may be needed).   

Proposal 6: System Bandwidth can be considered as potentially blindly detectable by the UE after reading NC PBCH (analysis on the NC PBCH decoding reliability may be needed).   
Proposal 7: nSCID could be either blindly detected by the UE if the UE can read NC control channels or if necessary a network coordination approach could be considered. For n_ID(DMRS) some network coordination could be introduced in order to limit the UE search space. Further discussions are needed.
Proposal 8: DM-RS based TM PDSCH allocation can be detected via DM-RS allocation. PDSCH allocation for CRS based TMs can be potentially detected by the UE with the help of network signaling which restrict the UE search space.
Proposal 9: RI/PMI and TM, Modulation order are candidates for blind estimation. Initial analysis show that small degradation can be seen because of TM and RI estimation. Further studies and alignment is needed to quantify the expected loss by blindly estimating these parameters.
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