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1. Introduction
During RAN4#72, further discussions took place on NAICS and the final agreements on blind detection feasibility were reached in [1]

 REF _Ref399413556 \r \h 
[2]. From now on, RAN4 will start working towards UE performance requirements for NAICS. In this contribution, we provide views on demodulation requirement scenarios for NAICS, addressing the open issues listed in the way forward proposal in [3].
2. Demodulation requirement scenarios for NAICS
Test type & purpose
The studies have focused until now on the achievable NAICS UE demodulation performance of PDSCH under inter-cell interference wrt. baseline LMMSE-IRC processing. Hence, PDSCH demodulation tests should be introduced for NAICS.
Proposal 1:

Introduce PDSCH demodulation tests for the verification of NAICS throughput gains.

The analysis in [4] points potential impact of control channel (PDCCH) demodulation performance to PDSCH throughput. NAICS processing for downlink control channels is out of the scope of the Rel-12 NAICS Work Item, thus baseline LMMSE-MRC receiver needs to be assumed for PDCCH detection. Simulation results reported in [4] show a significant impact of PDCCH errors to PDSCH throughput. However, fully loaded PDCCH interference from one interfering cell with INR = 13.39dB was assumed in the study, which is a rather extreme case: assuming SNR=0dB for the serving cell, this corresponds to cell range extension of 13.39dB and the SINR equals -13.58dB. In such a case, the UE would likely trigger RLF and would most likely be connected in practice to the interfering cell. Despite bringing more realism to the test, we do not favor introducing any amount of control channel interference in NAICS PDSCH demodulation tests. PDCCH interference could narrow the performance gap between the NAICS receiver and the baseline receiver and hence compromise the purpose of the test.
Proposal 2:

Do not introduce PDCCH interference in NAICS PDSCH demodulation tests. 
Fallback to LMMSE-IRC
It has been highlighted both in the Work Item description and during online discussions in RAN1/RAN4 that the NAICS receiver should be robust in the sense that it should not perform worse than the LMMSE-IRC receiver whenever required conditions for NAICS processing gains are not met. For instance, the UE would need to fall back to LMMSE-IRC processing in the following cases:
· Absence of NAICS signaling: obviously the UE should not be mandated to perform NAICS processing in such a case and existing demodulation test cases for LMMSE-IRC are applicable.
· Unfavorable conditions for NAICS processing: instantaneous interference conditions (e.g. rank, power, modulation order, transmission mode) may be such that NAICS processing is not advantageous or could even introduce a throughput loss wrt. LMMSE-IRC. The UE is in best condition to identify such situations and autonomously fall back to LMMSE-IRC. It is thus legitimate to introduce test cases to effectively check that the UE performs such fallback operation. For instance, one may consider medium geometries [6] or equivalently lower INR values, or high rank and/or MCS for the dominant interferer, or other conditions where no NAICS processing gain (or loss) is observed.
Additionally, the case of assistance signaling not being always in line with actual interference conditions was discussed during RAN1#78, without reaching any consensus, and it was minuted that:
· There are different understandings and RAN1 cannot reach a consensus of followings 
· Performance cannot be worse than that in Rel-11 MMSE-IRC, when assistance parameters do not reflect interference conditions and when interference not supported by NAICS is present (e.g. DVRB, precoding granularity) at cells/TPs for which NAICS assistance signaling is provided.
While we acknowledge that such mismatch may occur during real network operation (e.g. in case of a reconfiguration), we view that these situations are overall expected to be relatively rare. In the event there is no guarantee that the eNodeB would follow assistance signaling parameters (e.g. P_A subset, TM restrictions, resource allocation granularity), such subset restrictions should not simply be configured in the first place. It would be unfortunate, if the UE could not rely on assistance signaling from the network, and would need to double-check the validity of each of the signaled parameters, which amounts to blind processing in terms of complexity and performance.
Proposal 3: 
The UE autonomously determines whether to fall back to LMMSE-IRC processing and the fallback mechanism is implementation specific. 
Proposal 4: 
Introduce a PDSCH demodulation test to verify the robustness of the NAICS receiver in unfavorable interference conditions. 
Proposal 5: 
The eNodeB/test equipment is assumed to follow NAICS assistance signaling in all NAICS test cases.
Transmission modes and CRS patterns
Transmission modes

The selection of transmission mode (TM) combinations in the serving / interfering cells in NAICS demodulation test cases should rely on:
· Sufficient amount of studies available in RAN4 during the course of the Study and Work Item;
· Presence of meaningful NAICS gain which justifies introducing a test case;

· Relevance in existing and future operator network deployments.

Additionally, most practical networks make use of a limited subset of the ten available transmission modes, and no NAICS processing is assumed for TM5, TM7 and TM10 in Rel-12 as per RAN1/RAN4 decisions. Also mostly homogeneous configurations are expected, i.e. TM2/TM3, TM4/TM6 or TM9/TM9. Now, mixed TM combinations could arise in the following cases:
· Fallback to transmit diversity (TM2) is available in all TMs;

· Early deployments of new features (e.g. TM9) and presence of legacy UEs configured with CRS-based TMs. 
Hence, we propose to start/prioritize homogeneous TM combinations but also recognize that some level of test coverage is needed for mixed TM configurations. Also, a TM2/TM3 setup is known to be relevant from deployment perspective, but more results would be needed to confirm the achievable NAICS gains. As on whether to include possibility of fallback transmit diversity interference as part of each test setup, we view that it unnecessarily adds complexity without bringing much value, especially if a test case involving a TM3 interferer is introduced. 
Proposal 6:

In a 1st phase, start test case definition work with homogeneous TM configurations in the serving and interfering cells.
Proposal 7:

In a 2nd phase, consider introducing some level of test coverage for mixed TM configurations in the serving and interfering cells.

Proposal 8:
Do not implement transmit diversity fallback interference in test cases with other than TM2/TM3 interference. 
CRS patterns

To date, most of the studies in RAN4 have focused on the case of colliding CRS between the serving cell and the 1st strongest interferer. Most of the gains are due to i) accurate inter-cell channel estimation thanks to CRS-IC and ii) worse baseline LMMSE-IRC performance. While not fully representative of all network deployments and/or practical interference conditions, such scenario does have the merit of allowing appreciable NAICS processing gains, which would also facilitate receiver discrimination in demodulation test cases. Non-colliding CRS could be considered in the case of a DMRS based TM configured in the serving cell, noting that CRS-IC is needed to mitigate CRS interference to the PDSCH.
In general, similarly to the analysis in reference [10], we view that:
· Homogeneous TM combinations: 
· Best performance is generally observed with colliding CRS, at least for CRS based TMs. Hence colliding CRS should be selected for these cases.
· Non-colliding CRS cases have not been studied much for CRS based TMs. Channel estimation quality towards both serving and interfering cell is degraded. Additionally residual interference covariance estimation proves to be problematic (no RE where to directly measure this).
· Non-colliding CRS could be considered for a DMRS based TM configured in the serving cell, noting that CRS-IC is needed to mitigate CRS interference to the PDSCH.
· TM2/TM3 case: while the scenario is relevant from deployment perspective, the NAICS gains need to be evaluated by more companies.
· Mixed TM combinations:

· TM6 / TM9: for the same reasons as above, performance gains are expected in the case of colliding CRS but not when CRS are non-colliding. Hence, this case could cater the mix usage of CRS and DMRS modes in a network. 
· TM2 / TM4, TM2 / TM9, TM6 / TM3: these mixed cases require more studies on their relevance wrt. practical deployment as well as for the achievable NAICS gain.

· TM9 / TM4 or TM9 / TM3: no NAICS gain is expected due to inaccurate serving cell channel estimation for both colliding / non-colliding CRS. Hence it is proposed not to introduce test cases with such mixed TM combination.

Proposal 9: 

Consider colliding CRS between the serving and 1st strongest interfering cell, at least when the serving cell is configured with a CRS-based transmission mode.
Summary

Table 1 below summarizes the previous discussion and sketches a high level proposal for the test coverage in terms of transmission modes and CRS pattern combinations for the serving and interfering cells. 
Table 1: Proposed transmission mode & CRS pattern combinations for the serving / interfering cells
	Interfering cell

Serving cell
	TM3
	TM4
	TM9

	TM2
	Introduce test case, if sufficient NAICS gain is found, colliding CRS
	Requires further studies for relevance & NAICS gain
	Requires further studies for relevance & NAICS gain

	TM6
	Requires further studies for relevance & NAICS gain
	Introduce test case, colliding CRS
	Consider, if found relevant, colliding CRS

	TM9
	Do not introduce test case
	Do not introduce test case
	Introduce test case, colliding or non-colliding CRS 


Interference structure

During the study on NAICS, two interference models were considered in the performance evaluations. Phase-1 model has static interferer transmission with a fixed wideband allocation, while Phase-2 model applies dynamic on/off for the interference and randomizes also interferer rank and MCS selection. From demodulation test perspective, static interferer transmission is more desirable, as it creates more stable PDSCH SINR, thus allowing easier FRC selection for each demodulation test. Furthermore, depending on the selected resource utilization in the interfering cells, Phase-2 model would have interfering transmission only in some of the subframes, thus on average, showing less NAICS gain.
However, for the interfering PDSCH parameters, there could be more variation than in Phase-1 model, to better match realistic network deployment. The bandwidth in the interferer could be allocated to multiple UEs, which would enforce the detection of interference parameters according to the resource allocation granularity, signaled in the assistance information. Still, the extreme case of per-PRB parameter variation should be avoided. In [9], it is shown that fully dynamic, per-PRB interference model provides less than 1.0 dB discrimination between LMMSE-IRC and a realistic NAICS receiver. Considering that margins will be included in the final requirement, it will be very difficult to define a meaningful test with such small separation. Also, per-PRB interference variation does not realistically depict practical interference scenarios, where in the worst case the interference would typically vary on a per-CQI-subband basis due to UE feedback granularity in frequency domain.
In order to have a good separation between LMMSE-IRC and NAICS receivers, low geometry situation should be targeted by the demodulation tests. Also, very high modulation order in the interferer should be avoided, as high modulation interference degrades the NAICS receiver performance. If agreed, IRC-fallback test can have medium geometry and/or smaller interference power. Finally, choosing INR depends on the test point (serving cell SNR) of each test, number of interferers and the differentiation required. To summarize, we propose the following on interference structure:
Proposal 10: 

Apply constant interferer transmission in NAICS demodulation tests, to allow straightforward FRC design and better discrimination.
Proposal 11: 
Apply frequency-selective interference model in the demodulation tests. The granularity should be small enough to enforce frequency-selective parameter detection, while being large enough to provide NAICS gain.  
Proposal 12: 
Demodulation tests should target low geometry scenarios. 
Reference UE receiver

Until now, E-LMMSE-IRC, SLIC and R-ML reference receiver structures have been considered. However, at this stage of the work, it is worth noting that:
· Most contributions / studies / companies support SLIC or R-ML based NAICS processing;

· E-LMMSE-IRC provides the least throughput gain over the baseline LMMSE-IRC receiver.

The Work Item description document [5] instructs to target unified performance requirements. While the performance gap between SLIC / R-ML does not likely preclude unified requirements (some additional margins may still be needed to tackle situations where R-ML performs better than SLIC), the gap to the E-LMMSE-IRC receiver becomes too large to allow for a unified requirement which is meaningful.
Proposal 13: 
Minimum performance requirements for NAICS demodulation will be derived assuming SLIC and R-ML receiver and not E-LMMSE-IRC. 
As for the exact methodology to derive the requirements, it is preferable to wait until for test case definitions converge and company simulation results become available. Related to the performance metric, we view that the SNR required to reach x % of the maximum FRC throughput should be used as starting point / baseline, since this approach has proved its feasibility so far in all FRC tests in Chapter 8 of TS36.101. Relative metrics proposed as one alternative [8] typically lead to more difficult alignment of results and loose requirements. Another issue with the relative throughput gain of the NAICS receiver over LMMSE-IRC is that a good relative gain figure does not necessarily mean satisfactory NAICS performance but could be due for instance to worse LMMSE-IRC performance. Hence absolute performance metrics are preferred.
Proposal 14: 
Reuse existing performance metrics for demodulation requirements (SNR required to reach x % of the maximum FRC throughput).
Dominant interferer selection

To date, there is no agreement in RAN4 on how the dominant interferer is selected, e.g. based on long term statistics such as CRS RSRP or instantaneous PDSCH interference power. For the majority of scenarios investigated during the Study and Work item phases, the difference between INRs for the 1st and 2nd strongest interferers is large and the throughput gains brought up by processing the 2nd interferer (alone or in addition to the 1st) are rather small if non-existing. Also, RAN4 limited the scope of Rel-12 NAICS to a one interfering cell and a maximum of 3 layers for the serving and interfering cell altogether. If PDSCH-based dominant interferer selection was to be mandated, the latter agreement would be violated since interferer parameters are typically assumed to be jointly processed over the serving and interfering cells (e.g. with joint R-ML-based interferer parameter estimation).
Proposal 15: 
Assume CRS RSRP based dominant interferer selection. 
Other issues

Time/frequency offsets between base stations should be considered in test case definitions, since it may impact channel estimation for the interfering cell and thereby PDSCH interference cancellation efficiency. We propose to reuse assumptions established in RAN4 for eICIC/feICIC.

For PDSCH start symbol, RAN1 did not agree on signaling that informs the UE, whether the interferer PCFICH signaling does actually tell the correct start position. Therefore, due to the uncertainty, UE should follow a conservative approach and assume maximum control area length in the interferer. In addition, there is no agreed signaling of the interferer CSI-RS configuration. To maximize discrimination to LMMSE-IRC receiver, CSI-RS should not be configured together with a TM9 interferer, if an applicable test is introduced.

NAICS higher-layer signaling allows indicating subsets of e.g. PA values and transmission modes in the interfering cell. For the demodulation tests, these subsets should be signaled, matching the actual interferer parameter dynamics of each test. This ensures functional testing of the UE’s capability to interpret the signaling and also increases discrimination to LMMSE-IRC receiver.
3. Conclusion 
In this contribution, we provided views on demodulation requirement scenarios for NAICS. We conclude on the following set of proposals:
Proposal 1:

Introduce PDSCH demodulation tests for the verification of NAICS throughput gains.

Proposal 2:

Do not introduce PDCCH interference in NAICS PDSCH demodulation tests. 
Proposal 3: 
The UE autonomously determines whether to fall back to LMMSE-IRC processing and the fallback mechanism is implementation specific. 

Proposal 4: 
Introduce a PDSCH demodulation test to verify the robustness of the NAICS receiver in unfavorable interference conditions. 

Proposal 5: 
The eNodeB/test equipment is assumed to follow NAICS assistance signaling in all NAICS test cases.
Proposal 6:

In a 1st phase, start test case definition work with homogeneous TM configurations in the serving and interfering cells.
Proposal 7:

In a 2nd phase, consider introducing some level of test coverage for mixed TM configurations in the serving and interfering cells.

Proposal 8:
Do not implement transmit diversity fallback interference in test cases with other than TM2/TM3 interference. 
Proposal 9: 

Consider colliding CRS between the serving and 1st strongest interfering cell, at least when the serving cell is configured with a CRS-based transmission mode.
Proposal 10: 

Apply constant interferer transmission in NAICS demodulation tests, to allow straightforward FRC design and better discrimination.

Proposal 11: 
Apply frequency-selective interference model in the demodulation tests. The granularity should be small enough to enforce frequency-selective parameter detection, while being large enough to provide NAICS gain.  

Proposal 12: 
Demodulation tests should target low geometry scenarios.

Proposal 13: 
Minimum performance requirements for NAICS demodulation will be derived assuming SLIC and R-ML receiver and not E-LMMSE-IRC. 
Proposal 14: 
Reuse existing performance metrics for demodulation requirements (SNR required to reach x % of the maximum FRC throughput).
Proposal 15: 
Assume CRS RSRP based dominant interferer selection. 
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