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1
Introduction

Currently the RAN1 NAICS study focuses on the third objective of the SID whose primarily scope is to evaluate the system-level gains and identify any physical layer changes and network signalling needed to achieve the system level gain. 
There are several questions to answer in order to assess the NAICS system benefits and system impact: 

1. What are the NAICS receiver assumptions in terms of interference characteristics? 
· The NAICS receivers related assumptions may be grouped as follows: synchronization, interference homogeneity, interference estimation.
2. How and whether these interference assumptions are made available to the UE? 
· This can happen either by (a combination of) UE blind estimation, network coordination, and network signalling.
3. What are the resulting network operation options with respect to the solutions from previous two points?

· The network operation should facilitate NAICS operation at least according to the three agreed scenarios: intra cell NAICS, and inter cell HetNet with and without ideal backhaul.
In the remainder of this contribution we will address these issues. 

2
Impact on network operation
The transmission parameters can be grouped [1] according to how they are signalled to the target UE:

· Parameters that are higher-layer configured per the current specifications (e.g., TM, cell ID, MBSFN subframes, CRS antenna ports, PA, PB) 
· Parameters that are dynamically signalled per the current specifications (e.g., CFI, fallback transmission scheme, PMI, RI, MCS, resource allocation, DMRS ports, 
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used in TM10)
· Other deployment related parameters (e.g., synchronization, CP, subframe/slot alignment)
In addition, some of these parameters apply to multiple TMs, and some could be also grouped according to the reference symbol types used for the transmission, that is CRS or DMRS. 
2.1 Coordination of transmission parameters
Allowing the coordination of transmission parameters between eNBs is one potential way of facilitating the IC/IS at the NAICS UE. In order to assess the opportunity of using coordination in NAICS, it is important to consider which parameters are subject of coordination, how such parameter coordination is possible in NAICS scenarios and what is the system performance and complexity impact from such operation. As previously discussed, the interference characteristics can be grouped into parameters that are deployment related, higher-layer configured, and dynamically signalled. 

Some of the deployment related parameters that are higher layer-configured such as length of  CP, cell ID, number of CRS antenna ports, and PB, are not subject of coordination as they are mostly part of the network setup. In addition, the current X2 specification supports signalling of such parameters between eNBs. Instead, network coordination could be attempted e.g. for TM, MBSFN subframe configuration, CFI, PMI, RI, MCS, resource allocation, DMRS port usage, DMRS scrambling ID, 
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used in TM10, and PA. We would like to recall the NAICS scenarios in which the NAICS technology needs to provide a seamless operation: intra-cell, and HetNet with and without ideal backhaul. Coordinating the previous mentioned parameters in the three NAICS scenarios would imply restricting the utilization of particular parameters at a particular time. Depending on the dynamic nature of the parameter to be coordinated and the available backhaul link speed (ideal vs. non-ideal), fixing the parameter through network coordination will have more or less effect on the overall performance. For example, cell specific parameters such an MBSFN sub-frames are by nature higher layer configured and could be subject of coordination also in the non-ideal backhaul scenarios, without resulting in any performance degradation. This is more problematic to the UE specific parameters whose nature is more dynamic and hence would greatly affect the system performance, as through the network coordination the dynamic UE specific parameters would need to be fixed on a long(er) term scale. 

	Parameter
	signaling
	Expected impact from coordination

	MBSFN sub-frames
	Semi-static
	MBSFN configuration is semi-statically configured. In principle, adjacent cells should utilize similar MBSFN configuration, however MBSFN sub-frames may be used for other network operation purposes, for example for DM-RS based PDSCH transmission whose restriction through coordination is not desirable.

	CFI
	Subframe
	Restricting same CFI in multiple cells would either consume PDCCH resources which could otherwise be used for scheduling PDSCH or would create a bottleneck on PDCCH resources. 

	TM
	Subframe
	The granularity for TM scheduling may happen at PRG level. Obviously such a time-frequency restriction is rather impossible. Lighter impact can be obtained from time restriction (similar to ABS, where only selected TMs are scheduled) or frequency restriction (considering frequency/PRG bands). Creating a “NAICS sub-frame” is a more strict restriction compared to ABS as the “NAICS sub-frame” needs to be aligned throughout the network and the multitude of TMs which needs restriction is quite high, hence several types of “NAICS sub-frames” are in fact needed. Also note that coordination of use of fallback MIMO transmission scheme is not in general preferable.

	RI
	Subframe
	In a HetNEt scenario, rank probabilities indicate typically a 50% split between rank 1 and rank2. A NAICS UE would be able to cancel at least one codeword of the aggressor, in case the aggressor rank is higher than the NAICS UE rank. It is expected that marginal gains are to be provided from rank coordination, at least in current NAICS scenarios. 

	PMI
	Subframe
	PMI is a key parameter with respect to the link adaptation of the UE which depends on the short term characteristics of the channel. Difficult to be coordinated and likely to result in a large performance loss if use of different PMI is restricted

	MCS
	Subframe
	MCS is a key parameter with respect to the link adaptation of the UE which depends on the short term characteristics of the channel; a high negative impact is expected through coordination, and especially when not considering a decoding based NAICS receiver.

	PA
	Subframe
	Semi-statically restricting the adaptation of potential Pa/Pb values would imply that the options for the eNB to do power balancing between users will be limited.

	Resource allocation
	Subframe
	Different resource allocation types are needed to be able to serve UEs in different conditions and with different capabilities, hence restriction of the resource allocation type is a scheduling restriction that will have a negative impact to the overall performance.

	DMRS ports
	Subframe
	There are a total of 8 DMRS ports, however in discussing DMRS port usage coordination with possible port blanking; we can consider only 4 due to the requirement of 12 REs/port. One could attempt to allocate different pairs of 2 ports to different transmission points, however even in this situation the ports would collide with PDSCH. Muting on the other cells’ DMRS position would improve channel estimation, but also introduce a large overhead.


From the above discussion we can summarized the following.

Observations:

· Coordination is not always facilitating the NAICS operation due to sometimes imposing too strict restrictions. 
· Other solutions, based on signalling and/or UE-based blind estimation, will be needed to order to enable proper NAICS operation. 
· One solution which needs further discussion is the semi-statically configured restriction of parameter ranges which could reduce the complexity of NAICSs UE based on blind detection.
2.2 Network operation options
In the following we attempt to categorize NAICS required information with respect to different network operation modes. The NAICS receiver assumptions should be seen as building blocks which can be applied (or not) by different network operations. The following NAICS operation modes differentiate essentially by the way in which the interference homogeneity and estimation is facilitated to the UE receiver. Naturally, some of these operation modes differentiate also between different receiver architectures.
Distributed NAICS would imply eNB independent decisions without relying on (extensive) NAICS related information exchange between the eNBs. Distributed operation would be robust to non-ideal backhaul and to some extent a more UE centric approach.
· Interference estimation relies to a large extent on UE blind estimation, for example the possibility of interference and TM detection is currently under investigation [3]
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[4]. However it is expected that other interferers’ parameterization like data RE to CRS EPRE ratio, etc might require signalling support. Network assistance could aid the blind operation of the UE, and one option to consider is (possibly broadcast) dynamic signalling from the interfering cell [2]. 
· Such network operation is more feasible to symbol based receivers (such as SLIC and (R)-ML) which do not require decoding of the interfering code words (PDSCH). Distributed NAICS would fit to all considered NAICS scenarios. 
Different types of coordinated and more signalling extensive NAICS operation could be envisioned, depending on the degree of coordination and signalling involved. 
Coordinated NAICS would lean towards more network coordination and thereby reducing the UE blind estimation or alternatively the signalling needs, however this would be sensitive to non-ideal backhaul.
· Interference homogeneity can be facilitated, in theory, through network coordination which can, for example, align parameters such as the resource allocation of the channels of interest and the MIMO transmission schemes in some form of coordinated scheduling. As discussed in the previous section, coordination is not always facilitating the practical NAICS operation due to sometimes imposing too strict scheduling restrictions. 
· Although the need of interference homogeneity in this sense is more critical for CWIC type receivers, also SLIC type receivers would benefit from it in sense of reduced complexity due to lower blind detection burden. Interference estimation can be also helped by network coordination alleviating the need of increased signalling. In such a case the UE would implicitly assume that interferers’ conditions are favourable for IC/IS in particular situations.

· Coordinated NAICS is the least desirable choice if the coordination would include a lot of dynamic, UE-specific transmission parameters, which is penalizing the scheduling flexibility envisioned for typical network operation. While in principle applicable in NAICS scenario 2a which assumes non-ideal backhaul, the more static coordination approach would penalize system performance. In terms of receivers support, this network operation is feasible for symbol based receivers (due to the limited number of required parameters). Some form of coordination may be essential for harvesting gains from CWIC (which requires coordination of more parameters which are typically changing more dynamically), however CWIC support requires also a large signalling overhead in addition to the coordination, leading to a rather undesirable operation mode in this respect. Nevertheless, from the UE parameter detection point of view, in coordinated NAICS the UE would mostly assume, and not need to blind detect the interferers’ characteristics that are coordinated.  
Signalling intensive NAICS would imply more signalling instead of relying much on UE blind detection and/or coordination.
· Interference structure can be made available through signalling; however it can be a heavy price, for example to dynamically signal allocation information and MIMO transmission schemes per PRB.
· A signalling extensive NAICS operation would offer full flexibility in terms of receiver utilization as well as not limiting fully independent eNB operation. As discussed in [2], dynamic signalling from the serving cell would expose the interferer’s parameters to the network backhaul (with potential negative impact in non-ideal backhaul cases), while dynamic signalling from the interfering cell needs to account for reliable signalling transmission of the dynamic signalling information to the NAICS UE.   
The investigated receivers which got the most attention: E-LMMSE-IRC, SLIC, (R)-ML, CWIC have different interference information requirements and hence can fit to different types of NAICS network operation. For example, if NAICS is envisioned to operate in a distributed fashion, E-LMMSE-IRC, SLIC, or (R)-ML type of receivers are good solutions. This includes application to NAICS scenario 2a which relies on non-ideal backhaul. It should be noted that these are the receivers prioritized higher than other NAICS receivers for system simulations in RAN1#74bis. 
Solutions relying on more network coordination and signalling are not scaling efficiently in all NAICS scenarios which have different backhaul constraints. In any case, it is hard to envision that NAICS would be operated purely within the strict network operation categories outlined above, but will need to be a reasonable combination of the different network operation modes. 
3
Conclusions

In this contribution we have addressed several important questions related to the impact of NAICS operation with respect to the system and UE. The balanced system operation in terms of IC/IS envisioned initially by the NAICS study is possible provided that tradeoffs are taken by both UE and network, however this should be further confirmed by system performance vs. network operation burden. 
The following NAICS operation is proposed:

· Utilize the current X2 specification support signalling of parameters like CP length, cell ID, CRS antenna ports, and PB, etc. between eNBs.

· Consider the semi-static restriction of interferes’ parameters like PA and resource allocation type.

· Careful study in terms of the trade-off among system performance, UE operation burden, and network operation burden is needed to find proper balance between

· Dynamic signalling of interferes’ parameters from interfering cell and/or serving cell.
· Leaving specific interferes’ parameters for UE blind detection.
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