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1
Introduction
In 3GPP RAN4 #68bis meeting, it was agreed to further analyze the complexity of NAICS receiver [1]. In this contribution, we provided our views and analysis on the complexity of NAICS receivers. 
2 Complexity Analysis
From UE receiver implementation perspective, the complexity of NAICS receiver is composed of four components in general: channel estimation, MIMO detection, channel decoding and interferer parameter detection (if blind detection is applied). 

Firstly, the complexity of NAICS receiver is proportional to the number of interference cell to be handled. NAICS receiver is required to detect/decode the signals from multiple cells with single FFT operation. Thus, the received timing offset and frequency offset need to be guaranteed within a reasonable value, similar as TM10 transmission. On the performance aspect, it is observed that handling the 2nd interference brings less than 1.0dB performance gain due to the weaker interference level. Thus, it is proposed that:

Proposal 1: NACIS receiver handles one interference cell as the working assumption. 

Secondly, we further analyze the complexity of channel estimation, MIMO detection and channel decoding under the assumption of one interference processing.
For channel estimation, NAICS receivers need to perform the channel estimation for both the serving cell and interference cell. Furthermore, enhanced channel estimation algorithm, e.g. DMRS-IC or CRS-IC may be applied to improve the performance of NAICS receiver. Hence, it is expected that the channel estimation complexity of NAICS receiver is around 2-3 times of Rel-11 MMSE-IRC receiver.

For MIMO detection, the implementation complexity depends on NAICS receiver type. For linear SLIC and linear CWIC receiver, the complexity is expected to be 2-3 times of Rel-11 MMSE-IRC receiver. For R-ML receiver type, the complexity highly depends on UE implementation choice, which is a tradeoff of performance optimization and complexity. It is expected that the complexity is around 3-5 times of Rel-11 MMSE-IRC receiver.
For channel decoding, it is obviously that SLIC and R-ML has the same complexity as Rel-11 MMSE-IRC receiver since the channel decoding of interference is not required. For linear CWIC receiver, the complexity is expected to be 2-3 times of MMSE-IRC receiver depends on the iterative decoding is applied or not.
Table 2 summarize the complexity of NAICS receiver.

Table 2: Complexity of NAICS receiver
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Rel-11 MMSE-IRC 1 1 1

Symbol level SIC 2~3 2~3 1

Codeword level SIC 2~3 2~3 2~3

R-ML 2~3 3~5 1


3 Acquisition of interference knowledge
Table 1 lists the required information list for NAICS receivers, and our preference on the acquisition of those information through "Signaled", "Coordinated" or "Blindly detected".
Table 1: Required information list for NAICS receivers
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(1) System bandwidth

Typically, UE is not required to read the PBCH of neighbor cells. So, the system bandwidth information need either network coordination (i.e. assumed same bandwidth as serving cell) or network signaling to simply UE implementation. But since PBCH-IC is required for Rel-11 FeICIC capable UE, thus blind detection of PBCH may be considered in NAICS WI phase.

(2) MBSFN, CRS AP and Cell ID

As we know, the network signaling of MBSFN, CRS AP and cell ID is already supported in Rel-11 spec. So, these network signaling could be re-used for NAICS receiver without additional standardization effort.

(3) TM, PMI, RI and Modulation

Interference information of TM, PMI, RI and modulation is critical for MIMO detector performance. With intra-eNB and/or inter-eNB scheduling coordination, the network signaling overhead is limited.
Regarding the blind detection of those parameters, it was shown that the performance is similar as the genie-aid NAICS receiver in some certain cases, e.g. TM4 with low MCS interference case. However, it is also observed that the substantial performance loss could be more than 2 dB e.g. with RI and TM blind detection. 

Furthermore, the feasibility and performance degradation of blind detection is only studied under 2 Tx and CRS based TM. It is important to ensure NAICS receiver feature works in all the network deployment scenarios, e.g. 4Tx case, DMRS based TM, both from RAN1 specification support perspective and RAN4 performance requirement perspective. It is also worth to note that the complexity of blind detection under 4Tx network deployment could be much higher than 2Tx case. Hence, the feasibility and the robustness of blind detection is doubtful.
(4) MCS and RNTI
For L-CWIC and iterative R-ML receiver, the information of MCS and RNTI are required for channel decoding. Typically, the blind detection of those information is impossible. Also, intra-eNB/inter-eNB network coordination (e.g. resource allocation alignment) is necessary to reduce UE implementation complexity and network signaling overhead.
(5) PA and PB
For Data to RS EPRE related information, PA is a UE specific parameter and PB is a cell specific parameter.
In Rel-11 MMSE-IRC receiver, those parameters are necessary for symbol detection of 16QAM and 64QAM. However, for NAICS receivers, e.g. SLIC, those parameters are more important since it is useful for signals reconstruction as well. The robustness of blind detection on PA and PB need to be carefully investigated.
Noted, although PB is semi-statically configured as cell specific parameter, UE is not aware of the change of PB without  network assisted signaling. In other words, UE still need to be the blind detection PER TTI without any signaling.
(6) DMRS APs, nSCID, virtual cell ID
For DMRS related parameters, e.g. DMRS APs, nSCID, virtual cell ID, blind detection is impossible unless UE is reading the control channel of interfering cell, which obviously significantly requires much higher PDCCH decoding performance . Thus, network signaling and coordination is necessary.
Based on the above analysis, our proposal is 
Proposal 2: NACIS receiver with genie-aid network signaling as the working assumption in NAICS WI Phase. Blind detection of some parameters could be decided case by case considering the performance loss and robustness in WI phase.
4 Conclusion
Our proposals are:
Proposal 1: NACIS receiver handles one interference cell as the working assumption. 

Proposal 2: NACIS receiver with genie-aid network signaling as the working assumption in NAICS WI Phase. Blind detection of some parameters could be decided case by case considering the performance loss and robustness in WI phase.
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