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1. Introduction
In the work item on NAICS, RAN1 will decide on higher-layer signaled parameters by taking into account inputs and conclusions from RAN4 on the parameter combinations that could be blindly detected jointly, potentially including restrictions on some parameters. At RAN1#76bis, the following working assumptions were made:
· Information related to PB
· Set of less than 8 power offset values
· Subset of virtual cell ID
In this contribution, we discuss some further aspects on signaling power offset values and elaborate on the need for signaling the FFS parameters: Cell ID, CRS ports, MBSFN pattern, QCL, Supported TM, signaling or restriction related to “no Type-2 distributed resource allocation”, zero-power and non-zero-power CSI-RS, CFI. Details on signaling of subsets of virtual cell IDs and for 4 Tx antenna configurations are addressed in the companion contributions [1][2].
2. Discussion
2.1. DL power allocation parameters
Network assisted signaling related to the working assumption “Set of less than 8 power offset values” evidently aims for reducing NAICS UE complexity by imposing restrictions on the network operations with respect to the UE specific DL power allocations parameters A and B. These parameters, defining the PDSCH EPRE to CRS EPRE in OFDM symbols with and without CRS, respectively, are configured via RRC signaling of PA and PB, but depend also on the number of CRS ports and if a UE is configured with MU-MIMO. Although the restriction of a set of less than 8 power offsets is referring to the set {-6, -4.77, -3, -1.77, 0, 1, 2, 3} of possible PA values, it does not imply that the network assisted signaled power offsets should necessarily be restricted to PA.
An eNB is currently restricted to transmit PDSCH with power allocations in accordance with PA and PB for CRS based transmissions with higher order modulations only, and in all other cases it can in principle transmit PDSCH with an arbitrary power offset between PDSCH and CRS. This arbitrary power setting provides the network with a flexibility to e.g. mitigate inter-cell interference by using relative power values that are differently from PA without informing the receiving UE. On the other hand, a NAICS UE to mitigate PDSCH interference associated with CRS would need to acquire knowledge of PDSCH EPRE to CRS EPRE for all modulation schemes, which imposes additional network restrictions. This leads to the following two options to be considered:
· Option 1: Restrict the power settings of CRS based PDSCH transmissions with QPSK to the current set of PA values used for configuring PDSCH transmissions with higher modulation order
· Option 2: Account for additional power offset values to PA in order to introduce less network restrictions on power settings of CRS based PDSCH transmissions with QPSK
The UE complexity depends primarily on the size of the set of power offsets to be taking into account by the UE when mitigating PDSCH interference rather than on the power offset values as such so Option 2 wouldn’t necessarily introduce additional UE complexity.

Proposal 1: Higher-layer signaling of power offsets accounts for additional values to PA in order to introduce less network restrictions on power settings of CRS based PDSCH transmissions with QPSK
· Exact values are FFS but the additional values could e.g. be {-12, -10.77, -9, - 7.77} dB

It may be difficult to predict the performance implications of restricting the power offsets in real networks so the trade-off between UE complexity and deployment flexibility would need to start from a UE complexity point of view, preferably with some inputs from RAN4. However, one may assume that at least 3 different power levels can be used by a neighbor cell (e.g. 0 dB, X1 dB 16/64 QAM and X2 dB 16/64 QAM,  or Y dB QPSK) so a possible RAN1 working assumption could be to consider set sizes of at least 3 offset values.
Proposal 2: Signaling of a set of 3 or 4 power offset values could be a reasonable trade-off between UE complexity and network restrictions
· Associated with the signaled set of “A” values is the cell specific parameter PB
2.2. On the parameters for further study
Concluding on blind detection or higher layer signaling of the semi-static interfering parameters listed as FFS can be difficult without any analysis on blind detection complexity and feasibility as well as on the performance impact by not taking into account a certain interfering parameter, i.e. how essential it is for the UE to acquire certain neighbor cell information. In this work item, such information is what RAN1 should expect to receive from RAN4 but as long as a signaling is not deemed necessary from a complexity/feasibility/performance loss perspective then the default should be that the parameter should either be detected blindly or that it can be neglected due to minor impacts on the performance.  
It has been proposed to signal CRS ports and MBSFN patterns with the main motivation that this type of signaling is already supported for CRS-IC in ABS deployments since Rel-11. The need for this signaling was questioned already at that time [3][4] but FeICIC was built upon eICIC Rel-10 which included coordination and exchange of ABS patterns and CRS ports between cells. Backhaul signaling of MBSFN/ABS patterns and CRS ports are optional, so networks that don’t operate with ABS, or run MBMS, would then basically be forced to implement this backhaul signaling to support advanced NAICS UEs only. In networks which already support operations with ABS and MBMS, the signaling of CRS ports and MBSFN patterns would have less impact on the network. One could possibly consider introducing a NAICS capability signaling to inform the network that a particular NAICS UE relies on assistance signaling of CRS ports and MBSFN patterns. If the network currently does not support the backhaul signaling needed for such NAICS UEs, they would evidently not be configured. However, the additional complexity by blindly detecting CRS ports and MBSFN patterns would in NAICS be even more modest in comparisons to CRS IC so the motivation for signaling these parameters can hardly be from a complexity point of view. 
In radio frame synchronized and interference limited networks, the detection of neighbor cells CRS ports could readily be done by first suppressing the serving cells PBCH (if needed) and then acquiring the CRS ports via detection of the neighbor cells PBCH [5]. Alternatively, the detection of the CRS ports could reliably be done without decoding the neighbor cells PBCH as shown in [6], where CRS ports are detected via RSRP measurements.

One purpose for a NAICS UE to acquire the MBSFN pattern could be to know where averaging of CRS based channel estimates across subframes can be considered. On the other hand, in MBSFN deployments the NAICS UE would anyway need to be able to mitigate CRS based PDSCH interference without averaging across subframes. Another purpose for a NAICS UE to acquire the MBSFN pattern could be to occasionally save some blind detection processing if it knows the subframes with possibly only DMRS based PDSCH interference but no estimation of the potential battery savings has been provided. It can be noticed that so far no that NAICS performance evaluations with CRS based transmissions in MBSFN deployments have been done, so whether there are significant gains with NAICS in such deployments are unknown.
Proposal 3: NAICS UEs should be capable of detecting neighbor cells CRS ports and MBSFN patterns blindly
Network assisted signaling of QCL information is addressed in our companion contribution [1]. It can be noticed here that this assistance signaling may not be needed if interferer channel properties can be derived solely from DMRS, and no evaluations so far seem to indicate that QCL signaling is needed.
It has been proposed to signal Supported TM but as was pointed out in [7] a UE would only need to differentiate between 4 transmission schemes and corresponding rank, or as expressed in [6] the UE has to perform 3 blind detection operations in order to discriminate between DMRS- and CRS-based TMs, and in case of CRS-based TM discriminate between open and closed loop transmission schemes and corresponding rank.
Proposal 4: Transmission schemes and corresponding rank are blindly detected
It has been proposed to signal aggressor CSI-RS configuration parameters for the purpose of CSI-RS IC, but whether CSI-RS IC is feasible was not addressed, nor was the potential performance loss by not taking these signals into account. In our companion RAN4 contribution [6] it is shown that the loss by neglecting the aggressor CSI-RS will most likely be minor. Thus, it seems unnecessary to introduce this signaling even if the additional complexity with CSI-RS IC may not be an issue, and even if CSI-RS IC should always be feasible.
Observation 1: The benefits of signaling the CSI-RS configuration of the aggressor cell are likely minor
It has been proposed to signal “no Type-2 distributed resource allocation” where the use case appears to be to activate NAICS functionality only on those aggressors that are not operating with distributed VRBs. If this is the main purpose, then the simplest way to handle this would perhaps be to only include cells in the NAICS assisted signaling that operate without distributed VRBs. However, precluding NAICS functionality on aggressors where the uses of distributed VRBs are sparse (e.g. only some ongoing small packet traffic as VoIP and SIBs) could in fact lead to significant system performance loss in scenarios with NAICS gains.
Observation 2: Signaling of “no Type-2 distributed resource allocation” may lead to system performance losses

What “no Type-2 distributed resource allocation” indicates is rather that NAICS needs to be robust in general to different radio conditions and network operations; this will in particular be of high importance for NAICS receivers that may be sensitive to blind detection errors of certain interference parameters. Note that there will be limited RAN4 tests on blind detection, so relying on robust NAICS operations is essential. It can also be noted that the WID [8] states that the NAICS receiver should never perform worse than the baseline receiver. Evidently, in order to ensure such performance the NAICS receiver would in principle need to include up to two decoding attempts; one with baseline functionality and one with NAICS functionality. Robustness aspects, including the dual decoding NAICS receiver, are discussed more thoroughly in [9].
Observation 3: According to the WID [8], NAICS receivers shall not perform worse than LMMSE-IRC which could be ensured by performing up to two decoding attempts; one with NAICS and one with LMMSE-IRC [9].
What “no Type-2 distributed resource allocation” also indicates is that there will be a need for eNBs to deactivate the NAICS functionality (in particularly of importance when NAICS UEs do not support dual decoding attempts) when network operations may not be favorable for NAICS. Deactivation aspects are discussed more thoroughly in [9].
Observation 4: There is a need for the network to be able to deactivate the NAICS functionality [9]
It has been proposed to restrict the network to operate without dynamically changing CFI and instead semi-statically signal the starting position of the PDSCH. Such operations may lead to system throughput losses and such network restrictions have not been evaluated in the context of NAICS. However, the performance loss by not taking the CFI into account seems to be small [6], at least for SLIC and E-IRC.
Proposal 5: Signaling of CSI-RS configuration parameters, “no Type-2 distributed resource allocation” and CFI are not needed
3. Conclusion

In this contribution, we discussed some details on signaling power offset values and elaborated on the need for signaling the FFS parameters: Cell ID, CRS ports, MBSFN pattern, QCL, Supported TM, signaling or restriction related to “no Type-2 distributed resource allocation”, zero-power and non-zero-power CSI-RS, CFI. The following observation and proposal were made:

Proposal 1: Higher-layer signaling of power offsets accounts for additional values to PA in order to introduce less network restrictions on power settings of CRS based PDSCH transmissions with QPSK

· Exact values are FFS but the additional values could e.g. be {-12, -10.77, -9, - 7.77} dB

Proposal 2: Signaling of a set of 3 or 4 power offset values could be a reasonable trade-off between UE complexity and network restrictions
· Associated with the signaled set of “A” values is the cell specific parameter PB
Proposal 3: NAICS UEs should be capable of detecting neighbor cells CRS ports and MBSFN patterns blindly

Proposal 4: Transmission schemes and corresponding rank are blindly detected
Observation 1: The benefits of signaling the CSI-RS configuration of the aggressor cell are likely minor

Observation 2: Signaling of “no Type-2 distributed resource allocation” may lead to system performance losses

Observation 3: According to the WID [8], NAICS receivers shall not perform worse than LMMSE-IRC which could be ensured by performing up to two decoding attempts; one with NAICS and one with LMMSE-IRC [9].

Observation 4: There is a need for the network to be able to deactivate the NAICS functionality [9]
Proposal 5: Signaling of CSI-RS configuration parameters, “no Type-2 distributed resource allocation” and CFI are not needed
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