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Introduction
According to the following conclusions made during RAN1#76, blind detection of dynamic parameters of the interfering PDSCH has to be evaluated before dynamic signalling from interfering or serving cell should be considered for specification: 
1. For the following parameters of interference PDSCH, UE blind detection is desirable to reduce scheduling restriction and signaling overhead, possibly detected from a reduced subset (e.g., RRC signaled) of all values for some parameters
0. Presence or absence of interference 
0. TM
0. For DMRS-based TMs: DMRS ports, modulation order, Virtual cell ID, nSCID, Cell ID, CRS ports, and MBSFN pattern
0. For CRS-based TMs: PMI, RI, modulation order, Cell ID, CRS ports, and MBSFN pattern, ρA
0. CFI (if not coordinated and required by receiver implementation)
1. Dynamic signaling from an interference or a serving cell can be evaluated after conclusions on blind detection, conditions and assumptions including the physical channel and assumed content can be further discussed

In RAN4#70, the following conclusions on blind detection of interference parameters were made:
1. Blind detection for some parameters was found acceptable in terms of complexity and performance in some cases (e.g., under some interference conditions), but not in some other cases and further study is needed. 
0. For all transmission modes, at least the modulation order can be blindly detected assuming all other parameters are known.
0. For CRS-based transmission modes, at least PMI rank-1 (2 CRS ports) can be blindly detected assuming all other parameters are known.
0. For all transmission modes, the presence of interference PDSCH can be blindly detected assuming all other parameters are known.
0. For DMRS-based TM, at least DMRS ports (with restriction to port 7/8) and modulation order can be blindly detected assuming all other parameters are known.
0. Working assumption: For CRS-based transmission modes, at least RI can be blindly detected assuming all other parameters are known.
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Although RAN4 would take responsibility for complexity and performance evaluation of blind detection, it could be foreseen that only part of these parameters would be reasonable (e.g. scheduling flexibility restricted by high-layer signaling or blind decoding complexity without restriction) for blind detection instead of dynamic signaling especially when the candidate number is too large. 
In this contribution, we discuss the complexity of detecting different interference transmission parameters and identify the interference transmission parameters that potentially benefit from restrictions from detection complexity point of view. 

Blind detection of interference transmission parameters
For simplicity, we assume that all high-layer configurable (i.e. semi-static) parameters of the interfering cell(s) are already known in the interference victim UE. Resource allocation type 0 with additional high-layer configured resource allocation granularity (RAG) is assumed in the following. The RAG describes a number of continuous RBs/RBGs given by NRAG = ⌈NRB/RAG⌉ which is configured by high-layer signalling. Modulation order is expected to be blindly detected according to the corresponding conclusion drawn during RAN4#70. Interfering PDSCHs with DMRS-based transmission scheme could be detected by calculating the correlation with DMRS sequences indicated by higher-layer signalling, but interfering PDSCHs with CRS-based transmission scheme could not be directly detected by CRS evaluation because the actual presence of PDSCHs and corresponding PDSCH transmission parameters are independent of the transmission of CRS.  Hypothesis testing regarding different precoder assumptions would be a solution but the complexity of such blind detection highly depends on candidate number of possible precoders.
The assumed blind detection procedure taking into account both CRS and DMRS-based transmissions is described in the following By detecting the energy of possibly interfering cell’s CRS (NCell), the UE can determine which cells are potential dominant interfering cell (NDIC); it could be determined by means of a predefined CRS reception power threshold (ThCRS). Within the set of detected potential dominant interfering cells, the UE starts to check for DMRS transmissions determined by a combination of sequences (NDMRS) with and port (Nport1for detection of DMRS presence/absence) where it is assumed that the DMRS sequences used by neighbouring cells are known on UE side. If one of the known DMRS sequences is detected (i.e. DMRS reception power ≥ predefined THDMRS) assuming a certain RAG, the UE could further detect the DMRS port (Nport2 for further detection of more layers, Nport1+Nport2 ≤ Nport ≤8, where Nport is the maximum number of DMRS port configured by high-layer signalling). If none of the DMRS sequences is detected assuming a certain RAG, it can be assumed that there is not or at least no dominant PDSCH transmission or that CRS-based transmission was used for an interfering PDSCH. The absence of a dominant interfering PDSCH could be seen as a special case assuming a zero-valued precoder. The assumed blind detection process is shown in Figure 1. The identifiers given in the brackets indicate the number of respective candidates.

[bookmark: _Ref382838161]Figure 1 Blind interference parameter detection process 
With DMRS-based interference, the next step is blind detection of modulation order assuming different possible signal constellations (Nconstellation). With CRS-based interference (including absence and non-dominant interference), the UE needs detect precoder (Nprecoder) and data-to-RS power ratio (NPA) in addition to modulation order (Nconstellation). The RAG-level complexity of DMRS-based and CRS-based interference are given by O(NDMRS x (Nport1 + Nport2)) + O(Nconstellation x (Nport1 + Nport2)) and O(NDMRS x Nport1) + O( 1 + NPrecoder x NPA x Nconstellation), respectively. Nprecoder x NPA is much larger than 8 (Nport1 + Nport2 ≤ 8) if no restriction on CRS-based transmissions is adopted. Therefore, blind parameter detection for CRS-based interference is much more costly than blind parameter detection for DMRS-based interference. The number of parameter candidates for CRS-based interference is evaluated in Table 1 and Table 2.
[bookmark: _Ref382843194]Table 1 Number of precoder candidates for CRS-based transmissions
	[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Transmission scheme {layer}
	Number of candidates

	Single antenna port: TM1
	Port 0
	1-CW: 1

	Transmit diversity: All TMs
	2-layer for 2-Tx SFBC
	1-CW: 1

	
	4-layer for 4-Tx SFBC/FSTD
	1-CW: 1

	Codebook-based precoding: TM4
	{1,2}-layer for 2-Tx precoding
	1-CW {1}: 4; 2-CW{2}: 3

	
	{1,2,3,4}-layer for 4-Tx precoding
	[bookmark: OLE_LINK24][bookmark: OLE_LINK25]1-CW{1,2}: 32; 
2-CW {2,3,4}: 48

	CDD: TM3
	2-layer for 2-Tx CDD
	1-CW: 0; 2-CW{2}: 1

	
	{2,3,4}-layer for 4-Tx CDD
	1-CW{2}: 1; 2-CW{2,3,4}:3

	Total 
	Single port: 1(1-CW:1; 2-CW: 0)
2-Tx:  9 (1-CW:5; 2-CW: 4)
4-Tx: 85(1-CW: 34; 2-CW: 51)
Total: 
95  if unknown Tx
10  if 2-Tx
86  if 4-Tx



[bookmark: _Ref382843196]Table 2 Number of PA candidates for CRS-based transmissions
	PA levels (dB)
	-6, -4.77, -3, -1.77, 0, 1, 2, 3

	Candidate number
	8



[bookmark: _GoBack]Based on above analysis, interfering PDSCH with DMRS-based transmission would be require less effort for blind parameter detection, while blind parameter detection for interfering PDSCH with CRS-based transmission would be more significantly more costly  due to the large number of potential transmission parameter combinations in terms of  PA and precoder. Although the same precoder and PA are applied to PRBs of the same PDSCH transmission in CRS-based TM, victim UE is not able to know which PRBs are same PDSCH or not without dynamically explicit signalling. Therefore, this property cannot be utilized in blind detection.  The UE needs to detect the combination of precoder and PA for each RAG. According to Table 1 and Table 2 unrestricted CRS-based PDSCH transmissions result in a quite large number of transmission parameter combinations especially in case of four TX antenna ports (i.e. 86 × 8 = 688 possible parameter combinations).
Observation 1: With respect to blind parameter detection feasibility, DMRS-based interference is more beneficial than CRS-based interference, especially in case of four CRS ports.


One possibility to ease blind parameter detection would be the operation with a reduced subset of allowed PA and precoder combinations in the interfering cell that is coordinated between the cells by means of high-layer signaling. This approach can be used for reducing the number of candidates for blind parameter detection which is especially beneficial in case of four CRS ports. 
Table 3 and Table 4 provide examples for such a parameter restriction. In Table 3, only single codeword (1-CW) and single layer (1-layer) are allowed in case of TM4. In Table 4, the PA granularity is reduced. By using precoder restriction such as the one given in Table 3, the number of detection candidates is significantly reduced from 688 to 152 (19×8). If the PA granularity is additionally also reduced, as shown in Table 4, the number of candidates is furthermore reduced to 76 (19×4). On the other hand, throughput performance degradations due to such restriction in the interfering cells could be noticeable in some situations. The degree of such potential performance impacts need to be evaluated in detail.

[bookmark: _Ref382862185]Table 3 Number of precoder candidates for CRS-based transmissions with restriction on TM4
	Transmission scheme 
	Possible number

	Single antenna port: TM1
	Port 0
	1-CW: 1

	Transmit diversity: All TMs
	2-layer for 2-Tx SFBC
	1-CW: 1

	
	4-layer for 4-Tx SFBC/FSTD
	1-CW: 1

	Codebook-based precoding: TM4
	{1,2}-layer for 2-Tx precoding
	1-CW {1}: 4; 2-CW{2}: 3

	
	{1,2,3,4}-layer for 4-Tx precoding
	1-CW{1,2}: 1632; 
2-CW {2,3,4}: 48

	CDD: TM3
	2-layer for 2-Tx CDD
	1-CW: 0; 2-CW{2}: 1

	
	{2,3,4}-layer for 4-Tx CDD
	1-CW{2}: 1; 2-CW{2,3,4}:3

	Total 
	Single port: 1(1-CW:1; 2-CW: 0)
2-Tx:  9 (1-CW:5; 2-CW: 4)
4-Tx: 1885(1-CW: 1834; 2-CW: 51)
Total: 
28  if unknown Tx
10  if 2-Tx
19  if 4-Tx


[bookmark: _Ref382863822]Table 4 Number of PA candidates for CRS-based transmissions with restriction
	PA (dB)
	-6, -3, 0, 3

	Candidate number
	48



Although the number of blind parameter detection candidates can be reduced to 152 or 76 as described in Table 3 and Table 4, the detection process still implies noticeable complexity. Furthermore, the potential throughput performance degradation in the interfering cell has to be taken into account.  
Observation 2: The restriction of transmission parameter combinations for CRS-based interference can significantly reduce the blind detection complexity, but the throughput performance degradation due to these restrictions could outweigh the blind detection benefits.

Conclusion
In this contribution we discussed the complexity of blind parameter detection and a possible approach for complexity reduction. We observed following: 
Observation 1: With respect to blind parameter detection feasibility, DMRS-based interference is more beneficial than CRS-based interference, especially in case of four CRS ports.
Observation 2: The restriction of transmission parameter combinations for CRS-based interference can significantly reduce the blind detection complexity, but the throughput performance degradation due to these restrictions could outweigh the blind detection benefits.
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