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1
Introduction

During the previous RAN4 meeting, further details on the existence of both performance gains and performance robustness tests have been agreed. These tests span both colliding and non-colliding CRS scenarios, while the random interference setup is for further investigation. 

Several important issues are pending further discussion: the resource allocation granularity (RAG) which is to be utilized in the RAN4 tests [8], the need for PDCCH boosting, and the configuration of colliding and non-colliding CSI-RS. In this contribution we present our views regarding these open issues.
2
NAICS UE robust fallback: necessity and operation
The NAICS UE operation is envisioned in a multitude of deployment scenarios while the structure of the dominant interference depends on the scheduling decisions which span a vast amount of possible configurations. The resource allocation granularity (RAG) depends on many factors like allocation type, utilized transmission mode, available CSI information at the eNB (feedback based or reciprocity based). It is already common understanding in RAN4 that RAG=1 is used to define minimum performance requirements.

Observation:

1. RAG=1 is used to define minimum performance requirements in all the tests cases.
The introduction of RAG > 1 needs careful consideration and beings several questions which need to be addressed:

· What is the robustness while under networks assistance when network configurations are changing? 

· What is the benefit of RAG > 1 tests?

We address these aspects in the following discussion.

2.1 Robustness while under network assistance
Previous discussions on RA and precoding granularity have ended with the following RAN4 agreements: 

1. In case of resource allocation, if the PRB granularity = 1, the RRC ambiguity issue should not impact the performance requirements. This would mandate the testability of 1PRB granularity for NAICS blind detection.
2. In case of resource allocation, if the PRB granularity > 1, RRC signalling could potentially be semi-statically changing, where RRC ambiguity impact is FFS if test case with PRB granularity > 1 is defined.

During the previous RAN1 meeting it has been agreed that RA and precoding granularity are not signalled over the X2 interface, hence the only signalling option remains from the serving eNB over the RRC to the NAICS UE. However, the RRC signalling is not delay-free, and the RRC stipulates a minimum processing delay for UE, as specified in section 11.2 of RRC specification 36.331 [8]. Specifically, for RRC reconfiguration not involving SCell addition/modification/deletion, the UE processing requirement is 15 ms. That means that from the moment in the physical layer when the UE receives the message containing the RRC reconfigurations, to the moment the UE has applied the corresponding RRC reconfiguration, it shall take at most 15 ms. Hence, the process of RA change by the eNB is still exposed to delays, creating an ambiguity period to the eNB and UE as to which parameter the UE is utilizing. 

The process of using RRC signalling to indicate the RA change is understood as follows: while the NAICS UE operates with a specific allocation signalled over the RRC, the serving eNB may change the RA granularity. Once this is decided, the communication over RRC connection itself imposes a delay ≥1 ms while the UE processing incurs an additional RRC processing delay (which, in this case, is 15 ms, as explained above), during which time the UE applies the new parameters. 

The RRC signalling contains all the components of NAICS network assistance parameters: cell ID, number of CRS ports, MBSFN subframes, PB, PA subset, used TMs, RA and precoding granularity. However, in terms of system parameter dynamics one can further categorize these into “more static” and “more dynamic” components. Out of the NAICS parameters, the RA and precoding granularity belong to the “more dynamic” components and hence it is not advisable to expose them to signalling. 

Observations:

2. RRC ambiguity periods are expected during RRC reconfigurations due to scheduling dynamics. 

3. Changes of parameters like RA, precoding granularity, TM should be avoided in typical RRC reconfigurations. 

4. To avoid NAICS system performance degradation, 1PRB operation should be utilized. 

In addition to the problem of ambiguity during RRC processing delay, the benefits of RA and precoding granularity seem still a discussion point at least in RAN4 WG as there are views from some companies that the complexity savings may be a benefit if RA and precoding granularity are signalled. However, other companies believe that when RA granularity is signalled from eNB to UE, some processing delays and ambiguity periods are experienced, so RA granularity assumed by NAICS UE does not necessarily hold. With incorrect knowledge of RA granularity, UE is obliged to guarantee performance not worse than performance of LMMSE-IRC, which is one of the core goals of NAICS work item. 

Obtaining both increased performance and UE complexity savings in not really possible in practice, but it is rather a trade-off between the two. The BD complexity scales linearly with the number of processed REs. Figure 1 illustrates how UE may trade complexity for BD-reliability with 3PRB bundling.  While the approach from Figure 1 (a) saves complexity while keeping reliability of 1PRB BD, the approach in Figure 1 (b) improves performance but processes 3 times as much REs. Case (a) and (b) are boundary cases and UE may function somewhere in between. In case (b) one may have the choice of processing the same amount of REs as in case (a), however no performance improvement is expected in that situation.

Observation:

5. Obtaining both increased performance and UE complexity savings, due to the signalling if RA and precoding granularity, in not really possible in practice.
When UE decides to save on complexity, case (a), it needs to at least verify the validity of estimated parameters from PRB1 at PRBs 2 and 3.  Such a verification stage/algorithm would be necessary to pass a robustness test. Therefore, one implementation option is that the UE may reuse such a verification algorithm to estimate the granularity blindly with a minor complexity increase. UE operation according to case (b) is not practical, because in this case complexity is not decreased, and several results show that 1PRB operation is reliable enough.
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Figure 1: Trading UE complexity for reliability.
Proposal:

1. If larger than 1 PRBs are used as resource allocation in NAICS tests, introduce a robustness test for verifying the reliable utilization of resource allocation and precoding granularity in case of network configuration updates.
2.2 Demodulation performance for RAG>1
In the following we have verified the NAICS performance for both 1 and 3 PRBs assumed in the blind detection process. In this setup the 3PRB processing implies 3 times more samples (compared to the 1PRB case) are utilized for blind estimation. The results in are showing negligible if any performance increase from larger number of samples allocated to the blind detection process. Note that this case does not show any complexity savings benefit, which otherwise is hard to be captured by RAN4.
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Figure 2: TM4-TM4, medium INR, Colliding CRS, Serving cell MCS#5, interfering cells MCS#5;
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Figure 3: TM2-TM2, medium INR, Colliding CRS, Serving cell MCS#5, interfering cells MCS#5;
Observation:

6. There are no performance benefits from introducing RAG > 1s tests for NAICS. RAN4 should avoid introducing unnecessary tests.
3
PDCCH boosting
The need for PDCCH modelling when high INR is utilized is rather well understood. The main motivation is the fact that without PDCCH modelling we risk creating a test case where heavy PDSCH interference is handled by the NAICS receiver, however there is a high risk that PDCCH transmission fails. In our view the PDCCH modelling should contain no boosting, especially as the current test proposals [10] are considering boosting of only the serving cell PDCCH.
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Figure 4: TM9 test with and without PDCCH boosting, without time/freq. offsets
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Figure 5: TM9 test 6a-3 without time/freq. offsets
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Figure 6: TM9 test  6a-5 without time/freq. Offsets
Results in Figure 4 are indicating that there is additional benefit from PDCCH boosting at least in TM9 test cases and reading the results @85% fraction of the maximum throughput. Comparing the results with different MCSs, such as the ones in Figure 4, Figure 5, Figure 6 we observe that MCS5 provides the best NAICS gain without PDCCH boosting.
Proposal:

2. No PDCCH boosting is needed in NAICS tests.

3. Consider MCS5 in test cases.
4



CSI-RS configuration





Two CSI-RS configurations have been proposed for NAICS tests, a non-colliding configuration where NZP and ZP CSI-RS are configured in such a way that the serving cell PDSCH is impacted by the 6 REs originating from the dominant interferer and another 6 REs originating from the second interferer and a (partially) colliding configuration where NZP of serving cell and ZP CSI-RS of other cells are partially colliding (as full collision is not possible). In this second configuration, the serving cell PDSCH is impacted by 2 ZP REs originating from the dominant interferer and vice-versa. As the CSI-RS periodicity is 10ms, hence not that large, the differences between the two configurations are rather small. We note that using larger number of Tx such as 4 and 8Tx would increase the number of colliding CS-RS resources, hence the current proposal of 6 colliding CSI-RS REs ensures a better safety margin on the CSI-RS tolerance in NAICS. In addition, it is desirable to consider the impact of both ZP and NZP rather than NZP alone. From this perspective we believe the non-colliding CSI-RS configuration is a more realistic to be considered in NAICS tests.
Proposal:

4.  Consider non-colliding CSI-RS configurations.
5
Conclusions
In this contribution we have been presenting views with respect to remaining open issues of NAICS tests. The following observations and proposals can be summarized:
Observations:
1. RAG=1 is used to define minimum performance requirements in all the tests cases.
2. RRC ambiguity periods are expected during RRC reconfigurations due to scheduling dynamics. 

3. Changes of parameters like RA, precoding granularity, TM should be avoided in typical RRC reconfigurations. 

4. To avoid NAICS system performance degradation, 1PRB operation should be utilized. 

5. Obtaining both increased performance and UE complexity savings, due to the signalling if RA and precoding granularity, in not really possible in practice.
6. There are no performance benefits from introducing RAG > 1s tests for NAICS. RAN4 should avoid introducing unnecessary tests.
Proposals: 

1. Confirm that RAG=1 is used to define minimum performance requirements in all the tests cases.

2. Only 1PRB test cases should be considered in order to avoid UE ambiguity issues related to network assistance.

· If larger than 1 PRBs are used as resource allocation in NAICS tests, introduce a robustness test for verifying the reliable utilization of resource allocation and precoding granularity in case of network configuration updates. 
2. No PDCCH boosting is needed in NAICS tests.

3. Consider MCS5 in test cases.

4. Consider non-colliding CSI-RS configurations.
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