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Introduction
In RAN1#76bis, following work assumption was made.
· Following parameter could be signalled by higher-layer signaling
· 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, signaling or restriction related to “no Type-2 distributed resource allocation”, zero-power and non-zero-power CSI-RS, CFI
· Higher-layer signaling is configured per component carrier
· Further study is needed about blind detection or higher-layer signaling for system bandwidth, synchronization indication
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK6]Regarding traditional signaling for indicating parameter of serving cell and semi-static parameter of neighbor cell (e.g. CRS-AssistanceInfo-r11), the parameter in signaling is always perfectly aligned with parameter actually used in network. However, for NAICS signaling which would indicates the restriction on dynamic parameter (from NAICS UE point of view) of interfering cell, the meaning of the higher-layer signaling restriction could be different for UE and network. We’d like to clarify these differences in this contribution and show our preference.
Content of higher-layer signaling restriction
Theoretically, all parameters related to interference transmission can be signalled by higher-layer signaling (semi-static) without considering performance impact. From perspective of validation-and-applicability, the interference parameter can be categorized into 4 groups as follows.
1) Semi-static parameter which is cell-specific: Cell deployment parameters, PB…
2) Semi-static parameter which is UE-specific: virtual cell ID for TM10, PA…
3) Dynamic parameter which is cell-specific: CFI
4) Dynamic parameter which is UE-specific: MCS, PMI…
Except for 1) which is naturally matched (i.e. no need for restriction thus no performance loss), other types of parameter will be somehow restriction behaviour.
Realization of the restriction
We see the restriction could be realised by two approaches at network. By these two types of restriction realization, interference hypothesis restriction is anyway carried out by UE according to higher-layer signaling.
Strict restriction: The restriction indicated by higher-layer signaling is strictly carried out at network. The original purpose of scheduling flexibility restriction is to reduce complexity of blind detection (BD) and/or overhead of dynamic signaling; on the other hand some restrictions would inevitably introduce some performance loss to either/both network (serving cell and interfering cell) and UE (NAICS UE and legacy UE).
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Loose restriction: The restriction indicated by higher-layer signaling is carried out at network if no obvious performance loss is introduced to some transmissions, and vice versa. The performance of blind detection would be degraded (but no worse than legacy UE when legacy receiver is also used) if interference signal is transmitted using other than parameters indicated by higher-layer signaling, while no performance loss due to restricted scheduling flexibility is introduced to either/both network (serving cell and interfering cell) and UE (NAICS UE and legacy UE). 
Discussion of different restriction realization
Strict restriction
Restricted scheduling flexibility at network: strict restriction according to the higher-layer signaling restriction. Note that there’s no need to distinguish between interfering cell and serving cell since one cell could be the serving cell and the interfering cell at the same time.
Advantage
1) For NAICS UEs: Reduce the trials of blind detection as well as blind detection error
2) For the network: Reduce the overheads of dynamic signaling if only few candidates for a parameter left
Disadvantage
1) For NAICS UEs and legacy UEs: Performance loss due to restricted scheduling flexibility at network
2) For the network: Performance loss due to restricted scheduling flexibility
View
From network point of view, total performance loss in all cells due to restriction could be larger than NAICS gain especially when a small fraction of UEs supports NAICS. From legacy UE (no NAICS feature) point of view, might experience worse performance as LTE evolves (i.e. Rel.11-> Rel. 12). Based on above observation, restriction which could introduce performance loss needs to be carefully considered. The ratio of NAICS UEs to legacy UEs should be considered when evaluating the impact of a strict scheduling restriction.

Loose restriction
Unrestricted scheduling flexibility at network
Advantage
1) For NAICS UEs: Reduce the number of trials of blind detection; no performance loss due to restricted scheduling flexibility
2) For the network: Flexible choice whether to follow the scheduling restrictions or not
Disadvantage
1) For NAICS UEs: no NAICS gain if the interference is not matching the indication by higher-layer signaling
View
The network could try its best to restrict the scheduling flexibility as long as no obvious performance loss will be introduced. For example, 80% of higher-layer signaling restriction can be matched, while the residual 20% is not restricted due to possible performance loss. NAICS gain could be obtained at blind detectable transmission parameters which are indicated by higher-layer signaling, while same performance as legacy UE could possibly be obtained for other transmission parameters thanks to the all-NOC hypothesis (which means no ICS as legacy UE and will be discussed in detail below). Besides, no performance loss due to restriction on scheduling flexibility is introduced. Further NAICS gain could be achieved at mismatched parameters if dynamic signaling is introduced in further release.

According to above discussion, we observe following:
Observation 1: Loose scheduling restriction without introduction of obvious performance loss at network would strike a good balance between NAICS gain and performance degradation due to restriction. If no network-side restriction is specified for NAICS, the system should be designed to be operable under the loose scheduling restriction assumption. 
Observation 2: A loose scheduling restriction assumption would further suggest considering supplementary dynamic interference signalling to improve the UE performance in case of a parameter mismatch.

1 All-NOC hypothesis during blind detection
When dominant interference is transmitted using mismatched parameters compared with higher-layer signaling restriction, the blind detection according to higher-layer signaling restriction would very likely have a poor performance due to incorrect interference modeling. On the other hand, legacy UE receiver without explicit interference modeling would not be affected by such interference parameter mismatch. During selection phase of the blind detection, the candidate with best performance will be picked up. Therefore, we’d like to introduce/reuse the legacy UE receiver approach, called all-NOC hypothesis (ANH) where NOC represents power of non-dominant interference and noise (see 8.1.1 of [1]), as one candidate of blind detection. Note that the absence of interference, non-dominant interference, and dominant interference with mismatched parameter are all covered by ANH. The support of ANH at the NAICS UE could give more scheduling freedom to network. The restriction indicated by higher-layer signaling is for UE but not strictly for network, thus higher-layer signaling design could only focus on transmission schemes which could provide obvious NAICS gain by BD without too much consideration on the performance loss for other transmission schemes or other cells.
The assumed BD includes:
1) Explicit interference modeling such as R-ML, SLIC, and E-LMMSE-IRC, for parameters aligned with higher-layer signaling; and
2) The absence of interference, the non-dominant interference, and the interference with mismatched parameters are detected/decoded by legacy UE receiver (e.g. R-ML without explicit interference modeling if R-ML and LMMSE-IRC if SLIC or E-LMMSE-IRC). 

Figure 2 Detection process of blind detection
Interference modeling in legacy UE receiver is equivalent to explicit interference modeling with zero power interference precoder/channel, thus legacy UE receiver can be naturally achieved under the NAICS receiver structure. Take E-MMSE-IRC in TR 36.866 for an example. Assuming that a single dominant interferer is taken into account explicitly at the receiver, the following signal model is considered:
	

	   


where z is the interference from non-dominant interferers and noise term, and v is the total interference and noise term.
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]The E-LMMSE-IRC receiver is expressed as

,


where  is the estimate of other cell interference and noise covariance, that is . 
Therefore, the system level modelling of E-LMMSE-IRC consists of modelling the estimation of H0, H1, and Rz. Once certain explicit interference modeling is assigned with zero power, it will be automatically modelled as NOC. The signal model is expressed as
	

	   


When H1 is modelled inside of z instead of explicit modelling, the E-LMMSE-IRC receiver will be become a legacy LMMSE-IRC receiver. The E-LMMSE-IRC receiver assuming H1=0 is expressed as

,
where E-LMMSE-IRC receiver becomes LMMSE-IRC receiver.
Observation 3: Though supporting all-NOC hypothesis (ANH) at UE blind detector is surely one UE implementation issue for now, it’d better to be supported for a well cooperation with loosely higher-layer signaling restriction.
Conclusion
In this contribution we discussed the relationship between higher-layer signaling restriction and blind detection. We observed following: 
Observation 1: Loose scheduling restriction without introduction of obvious performance loss at network would strike a good balance between NAICS gain and performance degradation due to restriction. If no network-side restriction is specified for NAICS, the system should be designed to be operable under the loose scheduling restriction assumption. 
Observation 2: A loose scheduling restriction assumption would further suggest considering supplementary dynamic interference signalling to improve the UE performance in case of a parameter mismatch.
[bookmark: _GoBack]Observation 3: Though supporting all-NOC hypothesis (ANH) at UE blind detector is surely one UE implementation issue for now, it’d better to be supported for a well cooperation with loosely higher-layer signaling restriction.
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Correlation calculation of CRS (NCell)


≥THCRS (NDIC): Correlation calculation of DMRS (NDMRSNport1)


blindly try with NAICS receiver for CRS-based scheme (NPANPrecoder)


detect with legacy receiver for absence/non-dominat interferer/interferer with mismatched parameter (1)


≥THDMRS per RAG (NRAG) DMRS-based scheme 


blindly detect with NAICS receiver for other ports (Nport2)
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