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1
Introduction

The higher layer signalling of NAICS parameters is currently under discussion in RAN1. Most of the discussion so far has been focusing on the inter-NB signalling of these parameters. In this contribution we look at the interference structure and analyse the eNB-to-UE signalling alternatives and implications on the overall signalling and NAICS operation. The details on NAICS parameter signalling options are discussed in a companion contribution [2]. 
2
Dominant interference structure
Prior to discussing the NAICS signalling operation, it is important to understand the nature of the dominant interference structure in time and frequency. 

2.1 Dynamics of the interference in time

The time dependency of the dominant interference is important from at least two perspectives. As the dominant interferer can change in time, the IC efficiency would change accordingly. In addition to this aspect, the point of origin for the dominant interferer can change as well. In Figure 1 we analyse an example of the time variation of the Dominant Interference Ratio (DIR). The left plot illustrates the value of the DIR for ten users, scheduled full-band in the network during a period of 500 TTIs, in a homogeneous scenario. Each horizontal bar represents the period within one user completes its call, with the DIR presented on a colour scale for every TTI. The blank spaces in the bars are due to the users not being scheduled in certain intervals. The Figure 1 (a) shows how significant the DIR variation can be, changing from a low to a high value in just a few TTIs. The changes take place when users in other sectors/cells start or finish their calls. The change of DIR is also caused by fast-fading and/or change of interfering PMI. The Figure 1 (b) illustrates the origin of the dominant interferer transmission in terms of transmission point. Looking at both figures for one particular user, one can see that during the DIR variations the strongest interferer cell index may shift as well, sometimes experiencing even a fast change. Note that in this example, from the mobility perspective, the UEs are static. From a signalling perspective, what needs to be retained from this example is that changes in DIR may occur with a faster rate compared to the RRC signalling which may be in the order of 50ms. To fully exploit the benefit from mitigating the strongest interferer, the mitigation must therefore be dynamic in time. 
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Figure 1: (a) Time evolution of the DIR for 10 of the users, with the Generalized PF scheduler, homogeneous scenario. (b) Origin of the dominant interferer in terms of transmission point index. 
Observation:

· The dominant interferer may change the point of origin in time. 

· The border region when two dominant interferers are changed needs to be covered by NAICS network assistance.  
2.2 Dynamics of the interference in frequency

From a NAICS UE perspective, the dominant interference can change in frequency as well. At one end we have the simpler situation when a single dominant interferer allocation is larger, equal or smaller than the NAICS UE allocation, Figure 2 (a).  A more complex situation is when multiple interferers overlap with the allocation of one NAICS UE, if for example the NAICS UE is scheduled wideband while the interferers are scheduled frequency selective, Figure 2 (b).  The interferers can have same or different point of origins; however this is not a problem from the eNB-to-UE signalling perspective if the assumption is that inter-eNB signalling is available at the serving eNB at the same time. 
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Figure 2: Frequency domain allocations of NAICS UE and dominant interference (a) One interferer with smaller or equal frequency allocation as NAICS UE (b) Multiple interferers with frequency overlap allocations as NAICS UE. 

Observation:

· The NAICS UE may experience different dominant interferers at the same time.

3
NAICS signalling 

The higher layer signalling has two components, the inter eNB signalling and the eNB-to-UE signaling, as illustrated in Figure 3.
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Figure 3: NAICS signalling components
3.1 Inter eNB signaling

The main RAN1 discussions have been related to the inter eNB signalling. Our analysis on higher layer signalling in [2] corresponds to parameters or sets of parameters which characterize the operation of a particular eNB and are transmitted over the X2 interface to neighbour eNBs. 
3.2 eNB-to-UE signalling
From a single NAICS UE perspective, the eNB-to-UE signalling should be seen from both the frequency and time dimensions, these options being captures in Table 1.
Table 1: Signalling options with respect to the time and frequency nature of the dominant interferer.

	Frequency 

Time
	One interferer with smaller or equal frequency allocation as NAICS UE
	Multiple interferers with frequency overlap with the NAICS UE

	Interferer static in time
	One signalled interferer
	Multiple signalled interferers

	Interferer dynamic in time
	Multiple signalled interferers 
	Multiple signalled interferers 


From the time variation perspective, signalling of only one or more dominant interferers depends in principal on the dynamics of the interferers but also on the RRC feedback triggering itself. As we have discussed in the previous section, there is a high probability that there exists a border when the dominant interferers change, even if the point of origin changes or not. In such a border situation, the NAICS UE needs to utilize the corresponding NW assistance, hence change from RRC signalling characterizing one dominant interferer to the RRC signalling characterizing the new dominant interferer. This can be achieved in several ways. 
1. Reactive. In this situation the NAICS UE tracks the dominant interferer and requests to the eNB the signalling corresponding to the dominant interferer. This solution would not be able to provide seamless IC efficiency in a border region when two dominant interferers are changing. Relying on UE triggered network assistance would need to cope with the feedback latency associated with such a signalling request; handle the signalling delays in both the UL (NW assistance request) and DL (RRC signalling). 

2. Proactive. Network assistance (indication) for multiple interfering points, when the NAICS UE could be informed with one, two (or more) potential point of origin for the dominant interferers. As the network does not have the dynamic information on the dominant interferer seen by NAICS UE at a particular time, the network assistance consists of point specific information, not UE specific signalling. Note that the signalling request is based on the indicated dominant interferers by the UE. The UE would utilize the IC if the network assistance is available at that point in time, otherwise a fallback mode to no IC should be utilized by the UE. The change in point of the origin in time of the dominant interferer falls also under this option of proactive NW assistance. 

From the frequency perspective, the eNB-to-UE signalling depends on the number of interferers which impact the allocation of a NAICS UE. The simplest case is when only one dominant interferer overlaps or has a larger allocation than the NAICS UE. In this situation the NW assistance needs to characterize this single dominant interfering point. The NW assistance becomes more complex when the NAICS UE is interfered by multiple dominant points. In both situations multiple interferes parameters need to be signalled to the NAICS UE. 

Observation:

· A proactive type of network assistance ensures seamless network assistance at the UE.
The type of scenarios can further add complexity to the NW assistance solutions. For example in single cell ID cases, the NAICS UE could be exposed to frequency selective interference originating from different points and even experiencing different quasi-collocation assumptions if the interfering UEs are from different releases. Network assistance translates in this situation in indicating, per subband, the fine detail characteristics of the interference. However, this is not possible in practice through RRC signalling, due to the rather harsh network restrictions which need to be imposed. If such a scenario is seen feasible, the complexity trade-off is for the network to indicate the pool of dominant interference characteristics while for the UE to perform blind detection based on the indicated information. Otherwise, dynamic signalling is a solution preserving the network flexibility and allowing the fine detail network assistance. 
Observation:

· A solution based on network assistance of multiple dominant interferers and blind detection is desirable.
· Network assistance of UE specific interference characteristics is impractical for higher layer signalling.
· Dynamic signalling preserves the network flexibility and allows for fine detail network assistance.
4
 


Signalling procedures
One of the key aspects of providing network assistance is related to the RRM procedures needed to trigger such network assistance. The most accessible option is to rely on existing RRM measurements, that is to allow the UE monitor RSRP for the neighbour cells while the network to provide signalling for the dominant, or a top N dominant interferers. 
Observation:

· RSRP is one accessible option for network assistance request.
In Figure 4 we depict the signalling procedures for the two options of proactive (Figure 4 (a)) and reactive (Figure 4 (b)) network assistance. Current RSRP measurements can be utilized to trigger the network assistance feedback. One of the differences between proactive and reactive network assistance is the fact that in the former the UE has the choice to decide the interferer to be cancelled while in the later the UE is mandated to cancel a specific interferer. This is particularly important if the change rate of the dominant interferer is faster than the RRM reporting procedures. The proactive network assistance allows also for seamless IC with respect to a change in dominant interferer, while the reactive approach would create time regions of no IC during the feedback period. Note that the event triggering mechanism is not under the focus of RAN1.
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(a)                                                                             (b)

Figure 4: NAICS signalling procedures (a) proactive network assistance (b) reactive network assistance
5
Conclusions

In this contribution we have been presenting views with respect to NAICS signalling operation. Our observations and proposals can be summarized as follows:
Observations and Proposals:
· The NAICS UE may experience different dominant interferers at the same time.

· The dominant interferer may change the point of origin in time. 

· The border region when two dominant interferers are changed needs to be covered by NAICS network assistance.  
· A proactive type of network assistance ensures seamless network assistance at the UE.
· A solution based on network assistance of multiple dominant interferers and blind detection is desirable.
· Network assistance of UE specific interference characteristics is impractical for higher layer signalling.
· Dynamic signalling preserves the network flexibility and allows for fine detail network assistance.
· RSRP is one accessible option for network assistance request.
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