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1 Introduction

One of the RAN1 tasks in the NAICS SI is to [1]:
· Identify any physical layer changes and network signaling needed to achieve the system level gain.

· Trade-off study between gain, robustness, and signaling/coordination complexity. If significant gain is identified for solutions with network assistance compared to solutions without network assistance, study the system and specification impact of network-assisted IS/IC

In this contribution, we discuss the required signaling for advanced receivers and possible approaches to handle the signaling. Higher layer signaling could reduce signaling load but it would mean more static coordinated system. Physical layer signaling provides fast and very flexible signaling but may consume more resources. The balance between the higher layer signaling and physical layer signaling is discussed.

2 Discussion
In the previous RAN1 meeting the following was agreed [2]:
· Network signaling/coordination

· Continue to study the tradeoffs between performance gain, robustness, and signaling/coordination complexity, with (RAN1) focus on signaling/ coordination feasibility (including any spec impact) and system level performance impact from scheduling constraint

In addition, a RAN4 email discussion on the receiver assumptions, summarized in [3], lead to a WG4 TP [4]. On one hand, there was a good progress on narrowing down the required receiver assumptions, where many parameters can be assumed to be coordinated in the system. For example, synchronous network with time aligned subframes is assumed including equal CP. 
On the other hand, PDCCH allocation alignment was left for further study. The processing of colliding region of PDCCH and PDSCH for cancellation would be at least resource consuming because different processing is needed compared to PDSCH to PDSCH collision. This might not be even possible due to the structure of the PDCCH. Further, PDCCH alignment could be organized through network coordination relatively easily, and although currently being a prioritized assumption, one could consider this as the only considered case.
The channel estimation from the interfering cell requires parameters as summarized in [4]:

· For CRS-based TM of interferers: PCI, number of CRS ports, PMI (TM4 &6), RI (TM3 &4), data RE to CRS EPRE ratio 

· For DMRS-based TM of interferers: PCI or nIDDMRS (when configured), number of DMRS ports (i.e., RI), nSCID, pB (power ratio of OFDM symbols containing CRS)
In the next sections we first discuss the approach using dynamic physical layer signaling and then discuss possible ways to move some of the physical layer signaling to higher layers increasing level of more static coordination.

Physical layer signaling approach

Some of these parameters, like PMI, RI, number of DMRS ports and nSCID, may change from subframe to subframe. For example, coordination of mutually orthogonal DMRS sequences may be needed. As these parameters for the UE’s PDSCH is carried on PDCCH/ePDCCH, it would be natural to include the same parameters corresponding to the interfering signal also to the PDCCH. This could be achieved by extending the related DCI formats. Assumption that UE would blindly estimate these parameters leads to excessive number of hypothesis to be processed. In order to be able to possibly avoid different combinations of PMI signaling it would be good to apply the same TM in all cells. 
The number of CRS ports, data RE to CRS EPRE ratio and pB, are most probably a more static in nature and hence, more static higher layer signaling could be used to configure these parameters for the UE. 
The different detectors require different amount of information on the interfering signal but in general ML, R-ML and SLIC receiver require information on the applied modulation order. As the L-CWIC receiver also decodes the interfering signal, it needs to also be aware of the MCS, RV and RNTI information. As the parameters related to the channel estimation need to be signaled on the fast phase at physical layer, it could be considered if the modulation and MCS related information would be added into the same location. Hence, PDCCH signaling seems the most natural choice. However, in order to avoid excessive amount of signaling, PRB alignment in frequency between the serving and interfering cell transmission should be maintained. The PRB alignment would also reduce the required PMI signaling.
The possibility to signal interference related information from interfering cell was discussed in [5]. However, this approach would possibly increase the coverage requirements of such channel and require the UE to decode two control channels. Hence, transmission from the serving cell is preferred instead.

Higher layer signaling approach

An eICIC based approach was discussed already in [6]. The same technique as in eICIC can be extended to enable an interference coordination (IC) time or frequency zone which can be coordinated within the transmitter cluster. 

The existing signaling of the ABS framework can be extended to enable, disable, and schedule the IC time/frequency zone, coordinate transmission parameters for the IC time/frequency zone, and signal the IC time/frequency zone to the UE. The coordination includes controlled transmission by transmitters (rather than ABS) to optimize interference reduction among different nodes. This may include power setting, parameter optimization, joint scheduling, and etc. The coordination can be enabled by efficient interference listening among transmitters or by feedback from users. 
The NAICS UE may assume some pre-defined parameters or behaviors for the interfering signals. The transmitter then just enables the interference suppression restricted resource subframe. The restricted set approach could be a burden on the network and restrict the scheduling for the users which is not desirable. On the other side, the network may operate on an opportunistic way. Transmitter 1 may monitor or coordinate with other transmitters and when all of them are transmitting with DM-RS based TMs, enable the interference suppression restricted resource subframe. This approach does not need to cover only TM but can be extended further to e.g. antenna ports to move parameters from physical layer signaling to higher layer pre-configured parameters. However, the split between physical layer and higher layer signaling needs to be studied further for best performance tradeoff.
Summary

The signaling options for different parameters are summarized in Table 1. It is preferred that PDCCH region, TM and PRB allocations are coordinated and always the same. Hence, no new signaling is needed. Some parameters such as possible PMI and coderate are preferably carried on physical layer because the value range is large. Other parameters may have more room for optimization between physical layer signaling and higher layer signaling.
Table 1. Signaling options for different parameters.

	parameter
	Signaling method

	PDCCH region
	Coordinated, same among cells

	CRS ports, data RE to CRS EPRE ratio and pB
	Higher layer signaling

	TM
	Coordinated, same among cells

	PRB alignment
	always aligned

	RI
	Either signaled on physical layer or higher layer

	DM-RS antenna ports
	Either signaled on physical layer or higher layer

	DM-RS nSCID
	Either signaled on physical layer or higher layer

	PMI
	signaled on physical layer

	Modulation
	Either signaled on physical layer or higher layer

	Coderate, RV and RNTI
	signaled on physical layer


3 Conclusion

In this contribution we have discussed possible NAICS signaling approaches. It is proposed that channel estimation, detection and decoding related parameters are either signaled on physical layer or on higher layer. The physical layer signaling would preferably be carried on the PDCCH from the serving cell whereas eICIC framework could be extended for higher layer signaling purposes. The split between the higher layer and physical layer signaling could however be studied further. 
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