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1
Introduction

During the previous RAN#63 plenary, a WI on NAICS has been approved with the following RAN1 objective:

· (RAN1) Starting from the candidate parameters identified for higher-layer signalling in the study item conclusion in RAN1 and any subset restriction under which RAN4 identifies that some parameter combinations could be blindly detected jointly, RAN1 will decide on the final higher-layer signalled parameters, including any subset restriction, taking into account:

· RAN4’s input and conclusion on the parameter combinations that could be blindly detected jointly, including if under any subset restriction for any parameters

· The system impact of higher-layer signalling or network coordination, including signalling overhead and the performance impact of any scheduling restriction due to subset restriction.

·  (RAN1) Investigate CSI enhancements for NAICS receivers; if necessary specify the identified enhancements.

· (RAN1) Depending on the conclusion for blind detection under higher-layer signalling, dynamic signalling from an interference or a serving cell can be evaluated. 

In this contribution we present views with respect to the remaining NAICS open issues. 
2
Network assistance for NAICS receiver
During the previous RAN1#76 meeting, the parameters needed in the NAICS IC process have been categorized into candidates for semi-static signalling and blind detection.  

2.1 Semi-static parameters (Higher-layer signalling)
The following parameters have been considered as candidates for higher-layer signaling for further study both in RAN1 and RAN4:
· Resource allocation granularity (e.g., a group of PRB or PRB pairs)

· RA type (e.g., type 0, LVRB, Ngap used for DVRB)

· System bandwidth

· Synchronization indication (e.g., CP length)

· CSI-RS configuration
· QCL
· Cell-ID
· CRS ports
· MBSFN pattern
· ρB/ρA
Several questions needs to be answered with respect to the above parameter:
· What is the variability in time of these parameters and how this would influence the semi-static signaling?

· Which are the parameters applicable to restriction, to what extent a reduced set of parameters is decreasing the UE complexity and in the same time to what extent such parameter restriction is influencing the system performance?

As discussed in [2], the interference characteristics can be grouped into parameters that are deployment related, higher-layer configured, and dynamically signalled. The interference parameter signalling consists of both inter-eNB X2 signaling and eNB-2-UE signalling via RRC. In the following discussion we mainly consider the case of inter-eNB X2 signaling. 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 parameters restriction as they are mostly part of the network setup and to a large extent time invariant at least with respect to the NAICS interference dynamics.  
Observation:

· Parameters like system bandwidth, CP length, cell-ID, CRS ports, MBSFN pattern, ρB/ρA are not subject to parameter restriction.

There are however parameters like resource allocation granularity, RA type, CSI-RS configuration, virtual cell ID, with a larger degree of configurability which could be to subject to further network restriction. In order to discuss signalling aspects, it is expected that RAN4 provides information to what extent the reduced set of parameters is needed in order to reduce the NAICS UE complexity. It should be noted that any form of parameter restriction needs to be considered from the perspective of legacy UEs as well. 
Observation:

· RAN4 is expected to provide information on the degree of parameter restriction needed to reduce the NAICS UE complexity.
· Parameter restriction should be considered from the perspective of legacy UEs as well.
The semi-statically configured parameters are with respect to the signalling of the PDSCH characteristics of a regular UE, however from an interference perspective some of these parameters can become dynamic. For example, CRS AP and cell ID are semi-statically configured when the interested UE gets such signalling, however a NAICS UE could experience dominant interference coming from different cells in every TTI, or at least with a higher change rate with respect to the nature of semi-static signalling. 

An example of the time variation of the Dominant Interference Ratio (DIR) is presented in Figure 1. 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 Figure 1 (b) illustrates the origin of the dominant interferer transmission in terms of transmission point. Looking at both figures for one particular user, once 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 also static. 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. (b) Origin of the dominant interferer in terms of transmission point index. 
Observation:

· It should be studied the dynamics of the dominant interferer with respect to the point of origin.
2.2 Dynamic parameters (Blind detection)
A second set of parameters have been identified as desirable candidates for blind detection as their semi-static signalling would imply undesirable network restrictions which quite probably cannot be compensated through NAICS receivers gains as such.

· For the following parameters of interference PDSCH, UE blind detection is desirable to reduce scheduling restriction and signaling overhead, possibly detected from a reduced subset (e.g., RRC signaled) of all values for some parameters

· Presence or absence of interference 

· TM

· For DMRS-based TMs: DMRS ports, modulation order, Virtual cell ID, nSCID, Cell ID, CRS ports, and MBSFN pattern
· For CRS-based TMs: PMI, RI, modulation order, Cell ID, CRS ports, and MBSFN pattern, ρA
· CFI (if not coordinated and required by receiver implementation)
The current TR conclusion stipulates that blind detection is possible for modulation, rank, PMI (at least rank 1 and for 2 CRS ports), DMRS ports and resource allocation, interfering PDSCH presence detection, provided that all other parameters are known. In addition, semi-static signaling with parameter restriction cannot be a reliable choice for such dynamic parameters, while dynamic signaling would introduce a high, mostly redundant and unsustainable overhead. 
Proposal:

· The following parameters are not subject of network assistance as they are blindly estimated by the UE: modulation, PMI, rank, DMRS ports, presence/absence of interference.
Network assistance of transmission mode (TM) requires a special discussion. In terms of signaling and network operation, TMs can be flexibly utilized in time and frequency with respect to the scheduled UEs. The current specification refers to 10 transmission modes, however the NAICS UE would not detect the transmission modes as such, but rather the transmission schemes (TS) and the corresponding rank. In terms of transmission schemes, the NAICS UE needs to identify 4 of these: transmit diversity, LD CDD, closed loop MIMO (CRS-based operation) and beamforming (DMRS-based operation). From a signaling perspective (if needed in order to reduce NAICS UE complexity) it makes sense to provide signaling in the form of transmission scheme indication rather than transmission mode indication as the signaling needs to have a direct mapping into the blind detection logic of the NAICS UE and not carrying redundant information which is anyhow estimated in the UE. If restrictions are attempted on transmission modes enforcing a maximum number of TMs possible for one eNB at a particular time when supporting NAICS, this can lead to peculiar restrictions as for example a three TM restriction could imply the operation of TM2, TM4 and TM6 while obviously the differentiation between TM4 and TM6 can be simply performed at UE side through rank detection.
Observation:

· The NAICS UE should blindly detect between 4 transmission schemes instead of 10 transmission modes. 
· A transmission mode is characterized by the transmission scheme and rank.

Proposal:

· Signal the transmission scheme (if needed in order to reduce NAICS UE complexity) rather than transmission mode indication.
· Network assistance needs to have a direct mapping into the blind detection logic of the NAICS UE
System configuration, while flexible, would not typically in practice allow the combination of all existing transmission schemes and allocation types at once, but rather these would be changed semi-statically, according to the system needs. Some of these options can be changed even less frequently as they might depend on the network topology. For example, in a given CRS configuration we may typically use either LD CDD (TM3), or closed loop MIMO (TM4), but often not both at the same time. Also, most likely beamforming transmission scheme (TM8/9/10) is used as the preferred MIMO scheme in some cells, but in that situation we would have the issue that legacy UEs must use either TM3 or TM4. Hence TM3 or TM4 may be scheduled in same TTI with TM8/9/10. Note also that transmit diversity is a fallback transmission scheme in all TMs, and hence the use of it is dynamically triggered on a subframe basis and thus may coexist with any other transmission schemes within a subframe. From the NAICS UE perspective, the maximum number of transmission schemes hypothesis possibly used by the interferer is needed in order to budget the NAICS UE blind detection complexity. From an eNB perspective, the support of at least transmit diversity, one CRS based TS and one DMRS TS seems desirable facilitating the operation of both legacy and more advanced UE types. 
We see it beneficial to inform RAN4 on the limitations over which network operation cannot be further restricted. It should be also noted that extensive parameter restriction would not solve the NAICS issues for both the UE and the network operation but rather reduce drastically the chances that NAICS feature would be triggered in reality.

Observation:

· Indicate by LS to RAN4 the network parameter subsets/configurations which cannot be further restricted.
3
Conclusions

In this contribution we have been presenting views with respect to NAICS network assistance. Our observations and proposals can be summarized as follows:
Observations:

· Parameters like system bandwidth, CP length, cell-ID, CRS ports, MBSFN pattern, ρB/ρA are not subject to parameter restriction.

· RAN4 is expected to provide information on the degree of parameter restriction needed to reduce the NAICS UE complexity
· Parameter restriction should be considered from the perspective of legacy UEs as well.
· It should be studied the dynamics of the dominant interferer with respect to the point of origin.
· The NAICS UE should blindly detect between 4 transmission schemes instead of 10 transmission modes. 
· A transmission mode is characterized by the transmission scheme and rank.

Proposals:

· The following parameters are not subject of network assistance as they are blindly estimated by the UE: modulation, PMI, rank, DMRS ports, presence/absence of interference.

· Signal the transmission scheme (if needed in order to reduce NAICS UE complexity) rather than transmission mode indication.
· Network assistance needs to have a direct mapping into the blind detection logic of the NAICS UE
· Indicate by LS to RAN4 the network parameter subsets/configurations which cannot be further restricted.
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