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1
Introduction

In order to finalize the Release 12 NAICS specification work, RAN1 has to decide on remaining open aspects related to the resource allocation and precoding granularity signalling. In this contribution we present our views regarding to these aspects as well as the implications on the NAICS UE functionality and robustness testability. 
2
Background
Throughout the RAN1 and RAN4 NAICS discussions, the main goal was to find a balanced operation on both the UE and network with respect to PDSCH interference cancellation. More specifically, while it is important to provide network assistance in order to minimize the blind detection UE complexity, the network has to preserve its flexibility and above all, there should be no losses from the  NAICS operation. Indeed, the NAICS WID [1] is providing clear guidance in this respect as:
The NAICS UE is expected to 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.
RAN4 has been investigating the need for network assistance with respect to dynamic and semi-static configured parameters characterizing the interfering PDSCH. It has been concluded that dynamic parameters are not suitable for network assistance while static or semi-static parameters can be signalled to the UE in order to minimize the blind detection effort. Hence the current Release 12 network assistance is composed of cell ID, number of CRS ports, MBSFN pattern, PA (subset of up to three values) and PB , implemented transmission modes (TM). 
RAN4 has been indicating the fact that providing network assistance for resource allocation (RA) and precoding granularity used by the interfering eNB would increase the performance and reduce the UE complexity. While we will discuss these aspects in more detail in the next section, we want to point out that selected RAN4 results show very good performance [3] from blind detection operation from 1 PRB pair while the claimed savings from the UE power consumption have not been quantified. During RAN1#78, it has been agreed to provide signalling for RA and precoding granularity, yet again without any consideration on the network implications from such operation.
Observation 1: There is very good performance from 1PRB pair blind detection. Complexity savings from increased PRB operation were not quantified.

The NAICS work involves both the UE and the network. At very late stage, RAN3 work has been acknowledged as needed in order to properly capture the inter-eNB operation. During the RAN3 discussions it has been pointed out [5] that the NAICS assistance information is subject to backhaul delay, which is implementation dependent. Moreover, changes in RA and precoding granularity, being implementation specific as well, are expect to happen in a variety of scenarios, making more dynamic the changes in RA and precoding granularity. On the other hand, operating the NAICS UE on one PRB pair granularity would be the baseline implementation in NAICS as it works in any scenario. 
Observation 2: One PRB pair granularity would be the baseline implementation in NAICS as it works in any scenario.
3
NAICS UE robust fallback: necessity and operation
3.1 NAICS UE demodulation and CSI reporting

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. Throughout the NAICS studies it has been demonstrated that in several situations the gains of NAICS are either negative or very small (small gains may translate in practice into negative gains as well). Such scenarios, with not so attractive NAICS benefits, are related to configurations containing non-colliding CRS, small dominant interference power, various TM, RI, MCS combinations where blind detection is unreliable, etc. We note that in such scenarios the NAICS network assistance will be signalled and hence the NAICS UE should have the ability to ensure no performance loss compared to LMMSE-IRC, which in fact means that in the cases when the NAICS performance is lower than that of the LMMSE-IRC, the interference cancelation (IC) stage should not be applied while the legacy receiver should be utilized. During the previous RAN4 meeting [4], the need of NAICS UE robustness has been acknowledged and preliminary discussions on at least the interaction between TM9-TM4 is one step in this direction.
Observation 3: While under network assistance, the NAICS UE encounters both situations of gains and losses with respect to the LMMSE-IRC operation.

3.2 NAICS UE complexity

During the RAN1 email discussion [78bis-09], several UE vendors claimed complexity savings as a benefit of RA and precoding granularity signalling. On the other side, majority of network vendors see RA granularity as a dynamic parameter. Therefore, when RA granularity is signalled, experiencing high delays due to the backhaul implementation, 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 number of processed REs. Figure 1 illustrates how UE may trade complexity for BD-reliability with 3PRB bundling.  While (a) saves complexity while keeping reliability of 1PRB BD, (b) improves performance but processes 3 times as much REs. Case (a) and (b) are boundary cases and UE may function somewhere in between.

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.
Observation 4: RA granularity is seen by the majority of network vendors as a dynamic parameter.

Observation 5: UE may estimate RA granularity blindly with a small increase in complexity. 
Proposal 1: Signalling of RA and precoding granularity is not needed.
3.3 Robustness while under network assistance
The importance of proper fallback operation for NAICS is related to the availability of network assistance as well. The network may indeed provide a full set of configured parameters, like for example all the implemented TMs in the network (not the active TMs) and other parameters. However, during RRC signalling cycles when the network assistance may be updated, network configuration changes may appear, one example being a change in resource allocation type/granularity. The scheduler changes, being influenced by the traffic dynamics, might lead to a change in terms of resource allocation which may not be able to propagate in time to the NAICS UE. Indeed, as indicated by RAN3 [2], the NAICS assistance information is subject to backhaul delay, which is implementation dependent. This implies that during the NW assistance update periods, common otherwise to any network operation, the previous RRC signalling information would not be fully up to date to the scheduler interference structure, a situation in which we need to ensure that NAICS UE performance stays robust. In other words, there is no faulty operation of the network, but rather the network delays need to be taken into account when discussing the UE behaviour. 
Proposal 2: Ensure that NAICS UE performance is robust in face of network configuration updates.

The issue of providing a robust NAICS UE behaviour in cases where network assistance signalling does not reflect the actual interference situation has been addressed previously [4]
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[5]. In [5] it has been proposed the approach of dual decoding, in the sense that that UE attempts two decoding strategies based on the legacy LMMSE-IRC receiver as well and the NAICS functionality. In [4] it has been further discussed the possibility of utilizing only one decoding and making use of other mechanisms. The proposal was based on estimating the reliability of the LMMSE-IRC and NAICS IC detectors outputs in the course of the demodulation process and mapping the more reliable output dynamically to the input of a CTC decoder, in order to ensure reliable operation and no worst performance then LMMSE IRC receiver. While indeed such fallback mechanisms are UE implementation specific, their proper utilization has to be endorsed by proper RAN4 testing. Failing to provide a testability framework for the NAICS fallback operation would certainly diminish the applicability of NAICS technology in real deployments.
Observation 6: Failing to provide a testability framework for the NAICS fallback operation would certainly diminish the applicability of NAICS technology in real deployments.

Proposal 3: Ensure through RAN4 tests the proper utilization of the fallback receiver.
3.4 Specification changes

While we strongly believe that the signalling of RA and precoding granularity does not bring much practical benefits, we present in the following our view on potentially capturing the agreement in the specification. 

The RAN1#78 agreement states “Resource allocation and precoding granularity is configured by the network from {1,2,3,4} PRB pairs”. In order to preserve the network flexibility, it is desired to have a separate parameter N signaling the RA and a parameter M signaling the precoder granularity. With two parameters N and M we would be fulfilling the agreement that “Resource allocation and precoding granularity is configured by the network from {1,2,3,4} PRB pairs” while the UE gets also a clear indication on the interference structure and can adjust its operation accordingly. Note that the RAN1#78 agreement does not indicate any specific joint operation of the RA and precoding granularity, such joint operation being subject to further RAN1 agreement. 

Proposal 4: If consensus cannot be reached on solutions based on no signalling, capture in the specification that separate parameter N is used for signalling of RA and a parameter M is used for signalling of the precoder granularity.
· Such signalling operation is bundled with the introduction of RAN4 test ensuring reliable UE operation under the network configuration updates on RA and precoding granularity. If such RAN 4 testability is not acceptable, remove the signalling of RA and precoding granularity.
4
Conclusions

In this contribution we have been presenting views with respect to the handling of NAICS RA and precoding granularity signalling. The following observations and proposals can be summarized.
Observation 1: There is very good performance from 1PRB pair blind detection. Complexity savings from increased PRB operation were not quantified.
Observation 2: One PRB pair granularity would be the baseline implementation in NAICS as it works in any scenario.
Observation 3: While under network assistance, the NAICS UE encounters both situations of gains and losses with respect to the LMMSE-IRC operation.

Observation 4: RA granularity is seen by the majority of network vendors as a dynamic parameter.

Observation 5: UE may estimate RA granularity blindly with a small increase in complexity. 
Observation 6: Failing to provide a testability framework for the NAICS fallback operation would certainly diminish the applicability of NAICS technology in real deployments.

Proposal 1: Signaling of RA and precoding granularity is not needed.
Proposal 2: Ensure that NAICS UE performance is robust in face of network configuration updates.

Proposal 3: Ensure through RAN4 tests the proper utilization of the fallback receiver.
Proposal 4: If consensus cannot be reached on solutions based on no signalling, capture in the specification that separate parameter N signaling is used for RA and a parameter M signaling is used for the precoder granularity.
· Such signalling operation is bundled with the introduction of RAN4 test ensuring reliable UE operation under the network configuration updates on RA and precoding granularity. If such RAN 4 testability is not acceptable, remove the signalling of RA and precoding granularity.
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