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1 Introduction
In the previous meeting, RAN4#72bis, the first steps to defining NAICS performance requirements were discussed. The tasks for RAN4 in the performance part are defining demodulation and CSI feedback requirements based on NAICS signaling and UE blind detection that was agreed in the core part of the WI.  In this paper, we focus on UE demodulation requirements. 

In the previous meeting, the following agreements were made:

· Use the same interference scenarios and profiles that are agreed till now.
· Consider additional scenarios if necessary

· Assume perfect PDCCH decoding under medium and low interference level in simulations. Solution under high interference level is TBD.

· Set up test cases for FDD in the first phase. In the second phase, TDD tests will be introduced.

· SNR of 70% throughput of the maximum throughput is the metric for simulation alignment and demod requirements.
In addition, the simulation alignment proposals were made in draft WF R4-146812 [1]. In this paper, we present our views for defining UE demodulation requirements in RAN4. We also discuss:
· Receiver Selection
· Fallback Operation
· Blind Detection Granularity

· Transmission Modes
2 UE Demodulation Test Setup
The UE demodulation performance requirement definition involves the following steps.
Proposal 1: Propose to organize UE demodulation requirement definition as follows:

· Step 1: Define Common Simulation Parameters, Metrics, Assumptions on Signaling and UE processing.
· Step 2: Define Test Cases for Enhanced NAICS Performance

· Step 2A: Specify additional signaling assumptions within NAICS framework for each test case, if any.
· Step 2B: Specify additional UE blind detection assumptions for each test case, if any.
· Step 3: Define Test cases for NAICS Robustness (no loss compared to MMSE-IRC)

· Step 3A: Specify additional signaling assumptions within NAICS framework for each test case, if any.

· Step 3B: Specify UE blind detection assumptions for each test case, if any.

3 Common Assumptions
The first step listed above is the specification of simulation parameters and assumptions. In section 3.1, we treat common parameters, signaling assumptions and metrics used for test purpose. In section 3.2, we treat the UE side assumptions in detail.
3.1 Parameters, Signaling Assumptions and Metrics
A draft WF [1] was widely discussed and supported in the previous RAN4 meeting [1]. Please note that the parameters in the WF were for the purpose of initial simulation alignment. For test cases, modifications and additional specifications may be necessary. A summary of the parameters discussed in [1] are as follows:
	
	Serving Cell
	Interfering Cell #1
	Interfering Cell #2

	Cell ID
	0
	6
	1

	System Bandwidth 
	10 MHz
	10 MHz
	10 MHz

	P_A
	-3 dB
	-3 dB
	-3 dB

	P_B
	1
	1
	1

	Signaled P_A Set
	{0, -3, -6 dB}
	{0, -3, -6 dB}
	{0, -3, -6 dB}

	Resource Allocation
	Center 12 RBs
	Center 12 RBs
	Center 12 RBs

	CFI
	3
	3
	3

	Transmission Modes
	TM4 (TM9)
	TM4 (TM9)
	TM4 (TM9)


Table 1: Parameters for Initial Simulations Alignment from RAN4 #72bis. 

3.2 UE Assumptions

3.2.1 UE Blind Detection Granularity:
Proposal 2: UE performance requirements should be based on the RAN4 consensus agreement [3] that “Interferer parameters are assumed to have granularity of at least 1 PRB pair in time by the NAICS UE”.
3.2.1.1 Frequency Selective Interference Model

In field deployments, interference properties may vary across the bandwidth due to multiple UEs being scheduled with different transmission parameters. In order to ensure that NAICS UEs can bring the benefit to practical Rel-12 operation scenarios, we also propose the following test setup:
Proposal 3: Consider frequency selective interference model, including a randomized MCS/rank based model. However, for the randomized model to be a viable solution, the exact details of modeling frequency selectivity need to be appropriately chosen and need further discussion.
3.3 Receiver Selection
Proposal 3: Target a single unified UE demodulation performance requirement based on SLIC and R-ML receivers in the Rel-12 NAICS UE demodulation requirements. 
· As observed previously, NAICS gains from SLIC and R-ML receivers are greater than ELMMSE-IRC receivers in multiple scenarios [2]. Therefore, in order to being maximum gains to Rel-12 networks via NAICS processing, unified requirements should be set based on SLIC/R-ML receivers.
3.4 Additional Assumptions:

Subframes 0 & 5: On subframes 0 & 5, the centers RBs contain PSS/SSS (and PBCH in the case of Subframe 0) transmissions, thereby reducing the number of REs available for blind detection, which may degrade UE detection performance in some cases. Therefore, for the purpose of RAN4 demodulation requirements, it is preferable to consider subframes other than 0 & 5.
Proposal 4: Propose to not schedule PDSCH on Subframes 0 & 5 for the purpose of RAN4 test case definition. 

PDCCH Impact: It was agreed that for low and medium geometries, perfect PDCCH decoding could be assumed, while further investigations may be conducted for high geometries. 
In addition to these common parameters, test case specific parameters need to be discussed as needed.
4 Fallback Operation
4.1 General Aspects of NAICS Fallback Operation
On fallback, the WID states the following: “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 signaling”. The exact test cases to fallback to Rel-11 MMSE-IRC performance need to be discussed further, we would like re-iterate that covering incorrect NAICS signaling is not part of the WID scope. 
Proposal 5: The fallback performance of Rel-12 advanced receiver should be no worse than the Rel-11 MMSE-IRC performance, an aspect that needs to be tested by RAN4.
· Proposal 5.1: Reliability of NAICS processing: As observed during the study item and work item phase, there could be some scenarios in which NAICS receiver processing may not be reliable both in terms of blind detection and demodulation. Exact scenarios need further discussion ( Propose to have RAN4 demodulation test cases to ensure this behaviour. 
· Proposal 5.2: Lack of NAICS Signaling: In the absence of NAICS signaling, the NAICS UE is expected to perform no worse than the Rel-11 MMSE-IRC receiver ( Not needed to test this behavior, it is automatically implied by Rel-11 tests.
· Proposal 5.3: Incorrect Signaling: If the NAICS signaling is incorrect, i.e., eNB does not follow the signaled parameters in its transmission, there should be no performance requirement on the NAICS UE. Incorrect information from the eNB may mislead the UE into false detections. If the eNB cannot guarantee accurate signaling, the signaling could be skipped, hence not requiring the UE to meet NAICS requirements. ( Not needed to test this behavior.
5 Enhanced NAICS-based Requirements
In [1], the following test cases were proposed for enhanced NAICS demodulation requirements, as part of the alignment of results:

	Test
	TMs
	MCS
	Rank
	Antenna 
Config.
	Interf. Type
	Colliding

	1
	TM4/4/4
	MCS 5/5/5
	1 / 1 / 1
	2x2
	Fixed
	Colliding

	2
	TM9/9/9
	MCS 5/14/14
	1 / 1 / 1
	2x2
	Fixed
	Non-colliding


In addition, the following test case could be considered for enhanced requirements:

Proposal 6: Consider Non-Colliding dominant interferer for UE demodulation performance requirements.

	Test
	TMs
	MCS
	Rank
	Antenna 
Config.
	Interf. Type
	Colliding

	3
	TM4/4/4
	MCS 5/5/5
	1 / 1 / 1
	2x2
	Fixed
	Non-Colliding


5.1 Mixed TM Scenarios

In Rel-12 deployments, it is possible to have scenarios with mixed CRS and DMRS based transmission modes. While the nature of gains may be a function of the exact transmission mode combinations that are considered, the complexity of implementation (power consumption) and blind detection accuracy may also depend on the TM signaling assumptions. With the understanding that mixed TM combinations are subject to further study, we propose the following from a test case point of view:

Proposal 7: If RAN4 decides to have mixed TM test cases for enhanced NAICS performance, we propose to include non-trivial TM subset signalling for these test cases as allowed by the NAICS framework to ensure a good trade-off between performance and UE power consumption can be achieved in Rel-12 networks. 
Example: Consider a TM4/9/9 scenario – if the UE has to perform NAICS processing as a minimum requirement, then a reasonable way to manage performance-complexity tradeoff is to indicate TM subset signalling to the UE for e.g.: Interferer TM signalled can be {TM8/9 {DMRS based TMs} and TM2 (fallback SFBC mode)}. 
This can help in two ways: (a) Run blind detection selectively and efficiently for power benefit to the UE and (b) More accurate detection leads to performance benefit.

5.2 Four Antenna Port Transmissions

For deployments with 4 TX antennas, DMRS based TMs employing up to Rank 1 or 2 transmissions are agreed to be within the scope of Rel-12 NAICS. However, for CRS based TMs, the following two complexity constraints exist. Regardless of whether the receiver type is SLIC or ELMMSE-IRC or R-ML, these complexity aspects are common to all candidate advanced receivers. 
· 4 Tx CRS-IC is not established in RAN4. The complexity of 4 TX CRS-IC needs to be taken into account when evaluating the overall complexity addition for NAICS.

· Large complexity incurred by the increased number of precoding hypotheses (32 hypotheses for 4 TX compared to 6 hypotheses for 2 Tx CRS APs) has led to no RAN4 consensus on 4 CRS APs precoding detection.

Proposal 8:
· Propose to not support enhanced performance requirements for 4 TX based CRS-TMs in Rel-12, while fallback to Rel-11 MMSE-IRC needs to be ensured.
· On the other hand, enhanced performance requirements would be supported for 4 TX based DMRS-TMs for up to rank 2 transmissions as already agreed by RAN4.

6 Conclusions
In this paper, we discussed UE demodulation requirements for Rel-12 NAICS and proposed the following:
Proposal 1: Propose to organize UE demodulation requirement definition as follows:

· Step 1: Define Common Simulation Parameters, Metrics, Assumptions on Signaling and UE processing.

· Step 2: Define Test Cases for Enhanced NAICS Performance

· Step 2A: Specify additional signaling assumptions within NAICS framework for each test case, if any.

· Step 2B: Specify additional UE blind detection assumptions for each test case, if any.

· Step 3: Define Test cases for NAICS Robustness (no loss compared to MMSE-IRC)

· Step 3A: Specify additional signaling assumptions within NAICS framework for each test case, if any.

· Step 3B: Specify UE blind detection assumptions for each test case, if any.

Proposal 2: UE performance requirements should be based on the RAN4 consensus agreement [3] that “Interferer parameters are assumed to have granularity of at least 1 PRB pair in time by the NAICS UE”.

Proposal 3: Target a single unified UE demodulation performance requirement based on SLIC and R-ML receivers in the Rel-12 NAICS UE demodulation requirements. 
· As observed previously, NAICS gains from SLIC and R-ML receivers are greater than ELMMSE-IRC receivers in multiple scenarios [2]. Therefore, in order to being maximum gains to Rel-12 networks via NAICS processing, unified requirements should be set based on SLIC/R-ML receivers.
Proposal 4: Propose to not schedule PDSCH on Subframes 0 & 5 for the purpose of RAN4 test case definition. 

Proposal 5: The fallback performance of Rel-12 advanced receiver should be no worse than the Rel-11 MMSE-IRC performance, an aspect that needs to be tested by RAN4.
· Proposal 5.1: Reliability of NAICS processing: As observed during the study item and work item phase, there could be some scenarios in which NAICS receiver processing may not be reliable both in terms of blind detection and demodulation. Exact scenarios need further discussion ( Propose to have RAN4 demodulation test cases to ensure this behaviour. 
· Proposal 5.2: Lack of NAICS Signaling: In the absence of NAICS signaling, the NAICS UE is expected to perform no worse than the Rel-11 MMSE-IRC receiver ( Not needed to test this behavior, it is automatically implied by Rel-11 tests.

· Proposal 5.3: Incorrect Signaling: If the NAICS signaling is incorrect, i.e., eNB does not follow the signaled parameters in its transmission, there should be no performance requirement on the NAICS UE. Incorrect information from the eNB may mislead the UE into false detections. If the eNB cannot guarantee accurate signaling, the signaling could be skipped, hence not requiring the UE to meet NAICS requirements. ( Not needed to test this behavior.
Proposal 6: Consider Non-Colliding dominant interferer for UE demodulation performance requirements.
Proposal 7: If RAN4 decides to have mixed TM test cases for enhanced NAICS performance, we propose to include non-trivial TM subset signalling for these test cases as allowed by the NAICS framework to ensure a good trade-off between performance and UE power consumption can be achieved in Rel-12 networks. 
The benefits of such selective signalling are that the (a) UE can run blind detection selectively and efficiently from a power consumption point of view and (b) More accurate detection leads to performance benefit.

Proposal 8:

· Propose to not support enhanced performance requirements for 4 TX based CRS-TMs in Rel-12, while fallback to Rel-11 MMSE-IRC needs to be ensured.

· On the other hand, enhanced performance requirements would be supported for 4 TX based DMRS-TMs for up to rank 2 transmissions as already agreed by RAN4.
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