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1
Introduction

During the previous RAN4#70bis meeting, important progress has been done with respect to the joint blind detection of interference parameters in NAICS [4]. There are however remaining open issues, especially with the size of various parameter sets. In addition, the CSI feedback is currently under discussion in RAN1, and the selected solution may influence the blind detection at the UE. Aspects related to these issues are discussed in this contribution. 
2
NAICS parameter restrictions
Restricting the parameter set sizes for NAICS interferer falls under the responsibility of RAN4. The driver for such parameter sets relies in the necessity for decreasing the blind detection UE complexity. The choices on parameter sets need to be motivated through complexity reduction savings the selected size sets. Obviously, reducing to a single parameter brings the largest complexity savings, however there can be different system impact, in performance and configuration flexibility, from reduced parameter sets from parameter to parameter. We group the following discussion by CRS and DMRS based operation for the interferer, in order to better understand the complexity coming from each mode. In addition, we believe that the network configuration parameters qualify for semi-static signalling, hence we will not discuss in the following the system bandwidth, synchronization, cell ID, number of CRS ports.  
2.1 CRS based interferer

Blind detection of a CRS based interferer involves parameters like PMI, RI, EPRE power offsets, modulation. With respect to the number of CRS ports, we note that the WID does cover the both cases of 2 CRS and 4 CRS, and RAN1 and RAN4 need to cover these aspects during the NAICS WI timeframe. Moreover, the case of 4 CRS ports does not imply any additional discussion except the blind detection of the PMIs [3]. 
EPRE power offsets

When it comes to the power offsets PA, RAN4 should provide the guidance on the number of power offsets which are critical from UE complexity perspective. Nevertheless, it should be remembered that network functionality needs to be preserved. From network operation perspective, as the PA is a UE specific parameter, it becomes clear that a single value per eNB is undesirable; hence the UE needs to perform blind detection even from a minimalistic set of PA values. In our previous blind detection investigations, we have been showing the reliability of PA blind detection. 
2.2 DM-RS based interferer

Blind detection of a DM-RS based interferer involves parameters like DM-RS ports, modulation, QCL, subset of VCIs, ZP and NZP CSI-RS. It is evident that blind detection of a DM-RS based interferer is somehow different with respect to the CRS based interferer, essentially due to the larger nature of UE specific configurations which are possible in DM-RS modes. Most of these parameters are also related to the operation of single cell ID scenario.
QCL

The QCL assumption has been introduced in order to clearly distinguish the origins of transmitted signals of CRS, CSI-RS and DM-RS. The design criterion was the channel estimation quality for demodulation performance. The minimum resource granularity for channel estimation is 1 PRB pair, however it has been shown [4] that for a minimum of 3 PRBs in frequency, the QCL assumption is not needed for demodulation purposes. The current discussion of interferer QCL parameter signalling is not for the demodulation purposes but rather for the channel estimation which is used in the IC loop of the receiver. It is not desirable to introduce further dependencies between the collocations of interferer unless it is shown as of critical impact to the non-linear receivers IC efficiency.

Proposal:

· QCL signalling should be discussed after the interference allocation PRB-wise is clarified.

Subset of VCIs, ZP and NZP CSI-RS
During the previous RAN4 discussions it has been agreed to restrict the number of virtual cell IDs to a subset. From a RAN1 scenario perspective, the number of VCIs per PCI is around 12 and including the potential VCI transmitted from the macro, we may have in total 13 VCIs associated with a PCI. We recall also the fact that currently the UE keeps track of 8 CRS configurations for RSRP purposes. As the density of small cells is higher than the macro, it seems natural to support more VCIs with respect to PCIs. When it comes to signalling the number of ZP and NZP CSI-RS configurations, it is difficult to come up with a straight forward recommendation, given the fact that these parameters are UE specific and have flexible configurations. What is evident is that the utilized CSI-RS configurations needs to be indicated through inter eNB signalling. Further details of such signalling are discussed in [2].
Proposal:

· The VCI subset size needs to contain at least the same number of monitored cells as for CRS RSRP.

TM signalling

The blind detection 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). Hence 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. As previously discussed, the support for single cell ID scenario (which involves also the QCL and VCI parameters) brings us to the conclusion that DM-RS and CRS based transmission schemes do coexist as in such a scenario there would be scheduling for TM10, but also for legacy UEs (CRS modes) and fallback modes.
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.

· In single cell ID scenarios, there is a co-existence between DMRS and CRS modes.

Proposal:

· Utilize the transmission scheme indication (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.
3
NAICS network assistance operation

The IC capability of NAICS receivers is expected to be flexible in terms of handling wideband or frequency selective dominant interferers (DI), static or dynamic DIs in time. As we show in Figure 1 in the Appendix, two effects can be noted when discussing about the time variability of the interference. The first effect is that there are border regions when, from a NAICS UE perspective, the DI characteristics are changing. The second effect is the fact that the point of origin of the DI may change in time as well. Same is valid from the frequency perspective, where for example a NAICS UE scheduled wideband is interfered by frequency selective interferers. 
Observations:

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

From a network assistance perspective, the above observations translate into several options in terms of providing the network assistance to the UE:

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 request 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 points 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. 

Observation:

· A proactive type of network assistance ensures seamless IC at the UE.
· A solution based on network assistance of multiple dominant interferers and blind detection is desirable.
4
CSI feedback implications on blind detection 

The CSI feedback, currently discussed in RAN1, may have further implications on the UE blind detection process. The main denominator of presently investigated CSI feedback enhancements is based on the identification and estimation of the effective channel of the dominant interferer. The estimation of dominant interferer at CSI stage would require both network assistance and blind detection of the interferer parameters. In other words, the blind detection processing is necessary in both the demodulation and CSI feedback computation stages. Nevertheless, there could exist the possibility of reusing blind detection decisions from the demodulation stage into the CSI stage or the other way around, alleviating in this way the overall complexity. Note that for demodulation purposes, the interfering PDSCH parameters are estimated only within allocated bandwidth of NAISC UE PDSCH, while CSI feedback is reported for full system bandwidth or best M sub-bands. 
Observation:

· The estimation of dominant interferer at CSI stage would require both network assistance and blind detection of the interferer parameters.
· The blind detection processing is (or may be) necessary in both the demodulation and CSI stages.
· For demodulation purposes, the interfering PDSCH parameters are estimated only within allocated bandwidth of NAISC UE PDSCH, while CSI feedback is reported for full system bandwidth or best M subbands.
5
Conclusions

In this contribution we have been presenting views with respect to NAICS parameters, network operation and the implications to NAICS blind detection. Our observations and proposals can be summarized as follows:
Observations:

NAICS parameters

· 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.

· In single cell ID scenarios, there is a co-existence between DMRS and CRS modes.

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

· A proactive type of network assistance ensures seamless IC at the UE.
      CSI feedback implications on blind detection
· The estimation of dominant interferer at CSI stage would require both network assistance and blind detection of the interferer parameters.
· The blind detection processing is (or may be) necessary in both the demodulation and CSI stages.
· For demodulation purposes, the interfering PDSCH parameters are estimated only within allocated bandwidth of NAISC UE PDSCH, while CSI feedback is reported for full system bandwidth or best M subbands.
Proposals:

· QCL signalling should be discussed after the interference allocation PRB-wise is clarified.

· The VCI subset size needs to contain at least the same number of monitored cells as for CRS RSRP.

· Utilize the transmission scheme indication (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.
· A solution based on network assistance of multiple dominant interferers and blind detection is desirable.
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Appendix A
In Figure 1 we present an example of the time variation of the Dominant Interference Ratio (DIR). The left plot in Figure 1 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. 
[image: image1.png]UserID

600
TTI number

800

1000

1200

10

-10

-15

DIR (dB}



 [image: image2.png]X8pul Jesepe isebuong

2 2 ¥ ¥ 2 9 o + o o

TTI number





(a)                              









  (b)          
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. 
