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1
Introduction

There are several remaining open issues to be closed in the remaining NAICS WI timeframe. With respect to the demodulation aspects, RAN4 needs to finalize several small details regarding the test case setup while TM10 operation needs to be further agreed. The CQI computation is also open for TM4/9/10. In this contribution we address the NAICS usage in mixed network configurations.
2
Mixed network configurations
In Release 12 it has been agreed that the following set of transmission modes may be signalled in NAICS: TM 1, 2, 3, 4, 6, 8, 9, 10. In addition, NAICS operation is performed for CRS modes configured with 2 antenna ports.
In the following we address the following aspects:

1. What is the NAICS UE behaviour when TM5 and TM7 are existing in the network?

2. What is the NAICS UE behaviour when 4CRS ports are configured in the network but the interferer is not operating based on 4CRS AP?
3. What is the NAICS UE behaviour when network assistance is configured together with technologies like ICIC/FeICIC, CoMP, eIMTA? 
2.1 Presence of non-PDSCH IC TM in the network
PDSCH IC is not supported for TM5 and TM7. However, for example TM 7 (Release 8 beamforming on antenna port 5) is a legacy mode which exists in current deployments. While the PDSCH IC of TM7 is not supported by NAICS technology, it needs to be clarified the UE behaviour when TM7 is present in the network. Since the UE behaviour would be undefined if TM7 is present in the network, UEs would typically not be configured with NAICS information in such cases. Hence, existence of TM5 and TM7 would prevent NAICS from happening in practice.

Observation:

1. When TM5 and/or TM7 are present in the network, NAICS information would typically not be sent to the UE. 
While not cancelling TM5/7 is what RAN1 has decided, blocking the cancellation of NAICS TMs has an unfortunate effect on reducing the NAICS applicability. The signalling of implemented TMs with respect to what NAICS UE cancels is indeed not the smoothest outcome when we consider the fact that TM10 is signalled as implemented in the network but only TM10 with QCL type A is under current discussion to be used in NAICS. Another solution would have been the signalling of truly implemented TMs in the network and allowing the cancellation of only a subset of these. Such signalling solution would have been maximizing the applicability of NAICS. For example, when TM7 is present in the network in addition to TM2 (fallback) and/or TM3/4, the IC of TM2/3/4 would be possible in the presence of TM7. Otherwise, in the current conditions NAICS is not applied. It is on the other hand true that allowing TM7 to be part of the signalled implemented TMs would imply the UE to add another hypothesis on the existence of antenna port 5. 
Proposal:

1. Discuss the possible changes which would allow the wide applicability of NAICS.

2.2 Presence of 4CRS APs in the network and operation on more than 2 layers
Large amount of time in RAN4 was devoted to the cancellation of TM4 configured with 4CRS APs. The PDSCH IC of a TM configured with 4CRS APs is not possible as such, but one question is if the PDSCH IC of a DMRS based TM is possible when 4CRS APs are configured. For example, during the current 4Rx discussions it has been highlighted the utilization of TM4 based on 4CRS with the intention of 4 layer operation. 4CRS APs may be used in conjunction with DMRS, hence enabling TM4 and TM9 coexistence. Such a configuration may have a high overhead from the TM9 mode perspective, but it may be utilized in the evolution of closed loop MIMO operation from CRS based TMs to DMRS based TMs. For example, in a 4Tx eNB, both CRS and DMRS TMs may coexist, that is TM4 and TM9. While a 4Tx based TM4 is not possible to be cancelled, the main reason being the increased complexity of PMI blind detection, there is no reason for the TM9 not to be cancelled as no complexity increased is involved for the UE. The open question remains on performing 4AP CRS IC which is questionable for TM9. 
Proposal:

2. DMRS-based NAICS is possible in the presence of 4CRS APs.

The utilization of 4Rx in the UE would enable the utilization of 4 layers in the DL transmission. Release 12 NAICS is applied only when the total number of layers is equal to three. The open question is the UE behaviour and the network assistance when link adaptation happens. In other words, when the number of layers configured to the UE varies from 2 to 4 depending on the channel/traffic conditions and UEs data traffic. A straight forward system operation would be that network assistance is provided based on the assumption of maximum of 3 layers operation while the NAICS applicability is left to the UE implementation. In other words, while under network assistance, the UE would apply NAICS when maximum of 3 layers are utilized and not apply NAICS when the maximum number of layers is larger than 3.

Proposal:

3. Network assistance may be sent to the UE without considering the dynamic link adaptation of the number of layers.
2.3 Interaction of NAICS with other technologies
As stated with many occasions, the success of NAICS technology relies on its wide applicability in the network which means also interacting NAICS with other technologies. It is important to clarify the operation of NAICS when ICIC/FeICIC, CoMP and eIMTA are configured in the network. The common denominator of these techniques is that multiple CSI/CQI processes may be configured. It is also understood that when ICIC/FeICIC, CoMP or eIMTA are configured, the NAICS network assistance may be configured in the same time. The operation may happen as follows.
In typical ICIC/FeICIC, the UE is required to compute and report two CQIs, w/wo ABS subframe. In the CQI computation stage the UE may incorporate NAICS IC efficiency in the reported CQI, while in the demodulation stage the dominant interferer is cancelled based on the NAICS network assistance. In the non-ABS suframes the cancellation of dominant interferer is similar to traditional NAICS while in the ABS subframe, due to the absence of the macro interferer which is muted, the UE is expected to cancel what would have been the second strongest interferer. Note that such operation should be possible with TM4, TM9, TM10.
In CoMP the operation is somehow similar and perhaps more straightforward as only TM10 in involved. As agreed in the previous RAN4 meeting, only QCL type A would be part of a possible Release 12 configuration of CoMP and NAICS, due to the limited existing signalling. In [2] we have presented the use cases for TM10 NAICS including the operation how NAICS and CoMP are operating together through the configuration of the TM10/9/9. As in the FeICIC case, the UE has a typical CoMP configuration, being required to report CQI for multiple CSI processes, while also being configured with network assistance. In the demodulation stage, the UE is expected to cancel the dominant interferer which is expected to exist to some extent in the network even after the process of dynamic point muting. 
In eIMTA, the CSI process definition is updated comparing to Release 11 to accommodate the introduction of two CSI subframe sets. Generally, one CSI subframe set corresponds to fixed downlink subframe and another subframe set is linking to flexible subframes. For the fixed downlink subframe, the normal NAICS operation can be applied, eNB indicates neighbouring cell information to help UE cancelling the dominant interference. For the flexible downlink subframe, two type of interference could exist, one is cross-link interference from neighbouring cell UEs, if trying to cancel cross-link interference, more work needs to be done in NAICS. Another source of interference is downlink interference from other eIMTA enabled cells, this interference could be cancelled with current NAICS and eIMTA signalling. In short, following current specifications, NAICS operation can work with eIMTA properly.

At first glance one may argue that CoMP, FeICIC, eIMTA are competing technologies with NAICS. However, NAICS has the potential of removing remaining interference which still exists after utilizing the legacy interference reduction technologies, allowing for a cumulative gain. 
Proposal: 

4. NAICS can operate jointly with legacy interference reduction technologies.

5. NAICS network assistance is configured when CoMP (QCL-type A), FeICIC, eIMTA operate.

3
Conclusions

In this contribution we have been presenting views with respect to the NAICS operation. The following observations and proposals can be summarized.
Observations:
1. When TM5 and/or TM7 are present in the network, NAICS information would typically not be sent to the UE.
Proposals: 

1. Discuss the possible changes which would allow the wide applicability of NAICS.

2.  DMRS based NAICS is possible in the presence of 4CRS APs.

3. Network assistance may be sent to the UE without considering the dynamic link adaptation of the number of layers.
4. NAICS can operate jointly with legacy interference reduction technologies.
5. NAICS network assistance is configured when CoMP (QC-type A), FeICIC, eIMTA operate
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