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1	Introduction
In 3GPP RAN4 #72Bis meeting, RAN4 has triggered the discussion on NAICS performance part. One of the main issue is the test purpose and test scope of NAICS demodulation test. During the discussion, it is observed that companies have the diverse view on this aspect. A summary of company proposal has been provided in [1], which are listed below,
· Test purposes under UE demodulation performance WI
· NAICS gain
· Fallback capability with minimum performance as IRC
· BD capability and granularity of 1 PRB pair
· CRS-IC capability
· CSI tests
· TDD tests
· Verification of NAICS receivers performance gains in favourable interference conditions
· Verification of NAICS receivers robustness in unfavourable interference conditions
· Blind detection of the interference PDSCH parameters agreed in the WI Core part
· Interference PDSCH blind parameters detection granularity in accordance to the signalled resource allocation and precoding granularity
· Correct interference time/frequency offset handling
· Correct interference signal channel estimation
Generally, the test purpose and scope provides the guideline for the detailed test case design. Without reaching the consensus on the test purpose and scope firstly, it would be difficult to progress the discussion of test case design. Therefore, we provide our views on test purpose and test scope of NAICS performance part in this contribution.
2 Discussion
Overall test purpose and scope
In general, a high level guideline on the objective of performance part has been provided in WID description [2], i.e. 
· [bookmark: _GoBack]Specify demodulation and CSI feedback performance requirements based on the signalling of interference parameters as specified in the core part of the work item, as well as on the assumed UE blind detection as agreed in RAN4. 
· [bookmark: OLE_LINK7]Target a unified performance requirement for the above considered NAICS receivers, including requirement covering both DMRS and CRS
· Ensure no performance loss compared to LMMSE-IRC receivers in all interference PDSCH scenarios including different transmission modes than that of desired PDSCH, per PRB or PRB-pair based resource allocation for interference PDSCH, and/or lack of higher-layer signalling, in a wide range of typical network deployment conditions (including also 4Tx) for both CRS based and DM-RS based TMs.
Base on the description above, the test purpose of performance part should cover two aspects, i.e. 
· Verification of NAICS receivers performance gains in favorable interference conditions
· A unified performance requirement for all NAICS receivers.
· Verification of NAICS receivers robustness in unfavorable interference conditions
Regarding the performance gain verification aspect, it is observed that the group may have the consensus that NAICS should be capable to handle the interference below. The open issue is whether UE should be capable to handle CRS based TM with 4CRS port interference.
· CRS based TM with 2CRS port interference
· DMRS based TM with 2CRS port interference 
· DMRS based TM with 4CRS port interference
For R-ML and SLIC receiver, first of all, the implementation of blind detection is substantially different from 2 CRS port case. As analyzed in [3], the complexity is around ~5.8 times of 2 CRS port (the complexity may be reduced to around 2.8 times with specific UE implementation optimization [4]). Secondly, for TM2 and TM3 interference, precoder ambiguity issue exists without the assisted signalling from eNB. In addition, performance gain is also not confirmed by RAN4/1 group during the SI and WI phase.
For E-MMSE-IRC receiver, it is proposed by some company to adopt it as baseline receiver for 4 CRS AP case. Meanwhile, it is also proposed to use covariance matrix based PMI estimation algorithm in order to reduce the PMI  estimation complexity. However, in RAN4 #72Bis meeting, it is observed that most UE vendors intend to have the more aggressive R-ML or SLIC receiver as the their implementation preference for the sake of performance gain for 2 CRS port interference case. Thus, it is unreasonable to request UE vendors to implement different receiver type for 2 CRS interference and 4 CRS port interference separately. Noted, as mentioned above, in Rel-12, NAICS can still handle DMRS based TM interference with 4 CRS AP. So, it is still feasible to take the advantage of NAICS receiver with 4 CRS port deployment scenario in Rel-12.
Furthermore, in Figure 1 below, we evaluate the performance of R-ML receiver and E-MMSE-IRC receiver under TM9 scenario. It can be observed that the performance gain of R-ML receiver is in the range of 1.5dB~3.3dB at 70% throughput, while the gain of E-MMSE-IRC is very limited, i.e. less than 0.5dB. 
Therefore, it is suggested to consider a more comprehensive solution for 4 CRS port interference in Rel-13 if there is significant market need. 
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Figure 1: Performance Comparison of R-ML and E-MMSE-IRC under TM9 scenario
Regarding the performance robustness verification aspect, an outstanding issue is whether NAICS UE should guarantee no performance loss in case that eNB violate its signaling. In our view, it is very challenge for NAICS receiver to ensure no performance loss under this case, e.g. using PRB resource allocation granularity or using TM outside of the signaled subset. It may impose some very specific UE implementation e.g. dual-decoding receiver, or impose UE always perform the blind detection over the maximum parameter subset regardless the provided signaling. Consequently, it will significantly increase UE implementation complexity and also power assumption.
On the other hand, because eNB has the full freedom whether to provide NAICS signaling and also provide what kind of reduced parameter subset to assist NAICS receiver, the potential performance degradation (e.g. during RRC reconfiguration of HL parameters) can be seen as a glitch in terms of UE performance, which is actually controllable by eNB. RAN1 is also conducting the discussion on system level performance impact. It is better to wait for RAN1 conclusion on this particular aspect. 
Based on the consideration above, our proposal is 
Proposal 1: The main test purpose and test scope of NAICS performance part covers two aspects, with a unified performance requirement for all NAICS receivers.
· Verification of NAICS receivers performance gains in favorable interference conditions
· cover the scenario with CRS based TM with 2CRS port interference
· cover the scenario with DMRS based TM with 2CRS and 4 CRS port interference
· exclude the scenario with CRS based TM with 4CRS port interference
· Verification of NAICS receivers robustness in unfavorable interference conditions
· cover the scenario that interference is aligned with the HL signaling 
· FFS on the scenario that interference is not aligned with the HL signaling (waiting for RAN1 input)
· Observation: R-ML provides 1.5dB~3.3dB performance gain under 4Tx mode, while the performance gain of E-MMSE-IRC is less than 0.5db.

Blind detection granularity
In RAN4 #71 meeting, RAN4 has reached the agreement on blind detection granularity (copied below) and the conclusion was also confirmed by RAN1 by introducing the HL signaling of blind detection granularity {1, 2, 3, 4} PRB pair.
· Interferer parameters granularity used for parameters blind detection
· Interferer parameters are assumed to have granularity of at least 1 PRB pair in time.
· RAN4 found benefit in complexity and performance if a larger interferer parameters granularity in frequency (resource allocation and precoding granularity) can be signaled to UE without any impact on scheduling in the network.
Based on the agreement in core part, there are two aspects to be verified by RAN4 performance part. Firstly, RAN4 need to verify the processing capability of 1 PRB pair blind detection granularity, to avoid any potential scheduling restriction to eNB side. Secondly, it is also need to verify UE can correctly perform blind detection with a larger granularity when the HL signaling is provided, which provides additional performance gain in terms of UE blind detection performance. Therefore, our proposal is 
Proposal 2: The test case design should cover both 1 PRB-pair blind detection granularity case and > 1 PRB pair blind detection granularity case.

CRS-IC capability
During the core part discussion, NAICS UE is assumed to perform of CRS-IC function when the NAICS receiver is turn on, in order to improve the channel estimation of both serving cell and interference cell. The main issue on CRS-IC capability is when NAICS receiver fallback to MMSE-IRC receiver, whether UE is mandated to perform CRS-IC function, e.g. when defining the requirements for performance robustness test.
In our understanding, it seems no difficulty to utilize CRS-IC module since the NAICS assistant signaling is provided. One of the minor concern is the tradeoff between performance gain can be provided by CRS-IC receiver and the additional UE power consumption in the test case. Meanwhile, we are also aware that there is continuous discussion on a separate CRS-IC performance WI in RAN plenary level discussion. So, when defining the baseline receiver for the fallback operation, it will be good if RAN4 can also discuss and reach a common understanding on the linkage of CRS-IC functionality with other potential Rel-12 WI.
Proposal 3: For the CRS-IC capability of the fallback MMSE-IRC receiver, it is suggested to discuss the linkage with other potential Rel-12 WI, in order to avoid duplicate test case.

Time/Frequency offset handling
In realistic network operation, UE may experience different time and frequency offset from serving cell and neighbor cell. NAICS receiver is required to detect both the signals of serving cell and interference cell. Thus, it is worthwhile to mimic the time and frequency offset and verify UE can handle it properly in test case design. For example, in Rel-11 CoMP, the time and frequency offset is agreed as 2us and 200Hz by taking network deployment and UE processing capability into account. NAICS receiver is similar as TM10 detection in terms of time/frequency offset correction because UE need to detect the PDSCH signals from non-serving TP in both cases. Therefore, it is reasonable to reuse the value from Rel-11 CoMP WI. 
Proposal 4: The test case design should include the time and frequency offset of interference cell. 
· For the strongest interference cell, the TO and FO is set to 2us and 200Hz.
· For the 2nd interference cell (if modeled), the TO and FO is set to [2us or 3us] and [200Hz, 300Hz].

3 Conclusion
In this contribution, we provide our views on test purpose and test scope of NAICS performance part. Our proposals are: 
Proposal 1: The main test purpose and test scope of NAICS performance part covers two aspects, with a unified performance requirement for all NAICS receivers.
· Verification of NAICS receivers performance gains in favorable interference conditions
· cover the scenario with CRS based TM with 2CRS port interference
· cover the scenario with DMRS based TM with 2CRS and 4 CRS port interference
· exclude the scenario with CRS based TM with 4CRS port interference
· Verification of NAICS receivers robustness in unfavorable interference conditions
· cover the scenario that interference is aligned with the HL signaling 
· FFS on the scenario that interference is not aligned with the HL signaling (waiting for RAN1 input)
· Observation: R-ML provides 1.5dB~3.3dB performance gain under 4Tx mode, while the performance gain of E-MMSE-IRC is less than 0.5dB.
Proposal 2: The test case design should cover both 1 PRB-pair blind detection granularity case and > 1 PRB pair blind detection granularity case.
Proposal 3: For the CRS-IC capability of the fallback MMSE-IRC receiver, it is suggested to discuss the linkage with other potential Rel-12 WI, in order to avoid duplicate test case.
Proposal 4: The test case design should include the time and frequency offset of interference cell.
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5 Annex A: Simulation Assumption
Table 5-1: Simulation Assumptions
	Parameter
	Value

	System bandwidth
	10 MHz

	RB allocation
	6

	Cell ID
	[0, 6, 1]

	Transmission mode on Serving cell
	TM9

	Transmission mode on Interference cell
	TM9

	Interference profiles
	INF Level 1: INR1 = 7.77dB, INR2 = 2.29dB;
INF Level 2: INR1 = 13.91dB, INR2 = 3.34dB

	MIMO configuration
	4x2 and low correlation

	Channel model and Doppler frequency for target and interference cells
	EPA 5Hz 
Use different channel seed for between cells

	CRS configuration
	4 CRS ports. 
CRS is colliding between serving cell and interference cells

	PA
	-3dB

	PB
	0dB

	CSI-RS configuration
	None

	Channel Estimation
	Realistic Channel Estimation

	PMI
	Random PMI

	H-ARQ
	8 HARQ processes

	PCFICH
	CFI = 2

	PCFICH/PDCCH detection
	Not considered
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