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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. After email discussions from RAN1#77, the need of and/or values for the following parameters are still being discussed:
· Number,  range, and configurability of PA values
· If QCL parameters are included in assistance signaling
· Whether zero power and non-zero power CSI-RS configurations are signaled for NAICS
· If interfering PDSCH start is signaled

· The impact of, and need for, codebook subset restriction signaling for 4 CRS ports in NAICS
A second topic that arose during discussions in RAN1#77 and the following email discussion is how to associate assistance parameters with a cell ID or other parameters (e.g. 
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herein referred to as a configurable cell-id, or “CCID”).
This contribution discusses some further aspects on signaling power offset values and elaborates on the need for signaling the FFS parameters on CSI-RS, QCL, and PDSCH starting symbol. It also addresses how the assistance parameters can be associated with cell ID and/or CCID.  Details on PA values and range (including system level performance results), signaling of DMRS properties (including subsets of CCIDs), and for 4 CRS port configurations are addressed in the companion contributions [1]
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2. Discussion
2.1. Number, range, and configurability of PA values
Because restrictions on power offsets have not been applicable for QPSK prior to NAICS, any new offsets should allow for additional values of PA in order to limit network restrictions. Since detailed discussion and supporting system level simulation results of the needed additional values of PA are given in [1], we briefly summarize our observations and proposal here:
Observation 1:

· The operating point for QPSK can be roughly 5-6 dB lower than for 16 QAM at a given throughput.  Therefore the minimum value of PA should be reduced by at least 5-6 dB in order to properly support QPSK.  (Extending even more than 6 dB would be needed to support the lowest CQI values.)

· Particularly in heterogeneous network scenarios, dynamically adjusting DL QPSK transmit power is beneficial for reducing interference and thus increasing system capacity.  In [1], we consider a particular heterogeneous network scenario where UEs served by a macro cell are served with QPSK and reduced transmission power.  We find that around 10% UE throughput gain can be seen when the low end of the PA value range is extended from  -6dB  to -12dB.  
Proposal 1: 
· PA values to be signaled are taken from the set {-12, -10.77, -9, - 7.77, -6, -4.77, -3, -1.77, 0, 1, 2, 3} in which {-12, -10.77, -9, - 7.77} are applicable to QPSK only.

The agreement to signal a restricted subset of PA values evidently aims for reducing NAICS UE blind detection complexity and/or improving reliability by imposing restrictions on the network operations with respect to the UE specific DL power allocations.   In our understanding, UE complexity is driven by the number of values, rather than the values themselves.  Since 3 or 4 values have been agreed to be signaled, blind detection complexity should be more or less determined by this agreement.  However, blind detection reliability is not clear, since the values that can be used are not yet agreed.  
During the email discussion following RAN1#77, a question on whether the PA values should be configurable was raised. Since multiple PA values will be signaled, then some values will be selected for RAN4 performance tests (whether they are configurable or not).  Selecting these values should take into account blind detection performance, and so the minimum spacing between the values needed for adequate blind detection reliability can be determined as the test is developed.  These values can then be used as guidance for what the network should configure.  As it is difficult to foresee exact values that can meet the needs of real deployments, this configurability then ensures that NAICS can function as well as possible. It may further be so that the configured value may depend on the network deployment. 
Observation 2:

· Blind detection complexity is approximately determined from the agreement to use 3 or 4 PA values.
· Guidance on PA value spacing needed for adequate blind detection reliability can be expected from NAICS performance requirement phase in RAN4.

Proposal 2: 
· Any of the defined PA values (in the extended set) can be configured in NAICS assistance
· It is up to network implementation to select PA values with sufficient blind detection reliability.

Regarding the number of power offsets, one may assume that 4 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 agreement could be to use set sizes with 4 offset values. Particularly considering that no system evaluations have been conducted showing the impact of selecting a lower number, the safe choice to ensure proper network operation is to select the highest value.
Proposal 3: 
· Signaling of a set of 4 power offset values could be a reasonable trade-off between UE complexity and network restrictions
2.2. Assistance parameters for further study
In general, concluding on blind detection or higher layer signaling of the semi-static interfering parameters listed as FFS can be difficult without any analysis of 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 interfering TP or 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.  
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.  RAN4 evaluations for QCL are ongoing, but as yet are inconclusive, and there are recent results such as those in [2] that indicate no strong need for QCL signaling in NAICS.  Until the study in RAN4 of the benefit and complexity of QCL assistance is complete, the merit of such signaling should not be agreed in RAN1.
Observation 3: 
· The benefits of signaling QCL information for the aggressor TP are likely minor.

In RAN1#77 and the following email discussion, the rationale for signaling aggressor CSI-RS configuration parameters included that UEs could determine SFBC pairing for TM2, and could also avoid losses from falsely identified PDSCH REs.  In our companion RAN4 contribution [4], we present results where the UE makes no assumptions about CSI-RS in a scenario with relatively heavy use of CSI-RS (e.g. for 3 point DPS with 3 NZP CSI-RS and 4 IMRs configured).   The results show that the loss by neglecting the aggressor CSI-RS (including both the SFBC mismatch and noise pumping effects) is minor even in this relatively heavy use of CSI-RS.  More optimized UE implementations could further reduce these minor losses.  Also, when CSI-RSs are in heavy use on a TP, TM2 is generally used as a ‘fall back’ TM. Furthermore, prior results [6] with more moderate CSI-RS use in TM4 and TM9 found that the loss was essentially negligible.  Thus, it seems unnecessary to introduce this signaling.
Observation 4: 
· The benefits of signaling the CSI-RS configuration of the aggressor TP are also limited.
It has been proposed to restrict the network to operate without dynamically changing CFI and instead semi-statically signal PDSCH start. Such operations may lead to system throughput losses and such network restrictions have not been evaluated in the context of NAICS. However, in [6] it is shown that the start position of the interfering PDSCH can be detected with no or minor performance losses.
Observation 5: 
· Signaling of PDSCH start is not needed
Overall, with respect to the FFS parameters, we prefer that unless it is found needed by RAN4 to meet minimum performance requirements or feasible complexity, NAICS assistance information for QCL information, CSI-RS configuration, and PDSCH start is not specified.  So far, RAN4 has not yet produced the inputs needed according to the NAICS WID [7] to enable RAN1 to decide on these FFS NAICS parameters.  When RAN4 inputs are available, then RAN1 can take these into account along with the system impact of the signaling to decide if it should be specified
Proposal 4: 
· Assistance signaling for interfering QCL, CSI-RS, or PDSCH start is only specified if found needed by RAN4 to meet minimum performance requirements or feasible complexity and by RAN1 to have sufficiently small system impact.
NAICS UEs need 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. Furthermore, agreed assistance parameters such as PRB granularity are provided without impact on scheduling, which means that scheduler for the interferer is not restricted to use the PRB granularity in all subframes. We also observe that there will be limited RAN4 tests on blind detection.  It can also be noted that the WID [7] 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 [8].

Observation 6: 
· NAICS UEs need to be robust enough to operate in a wide variety of conditions, including when assistance parameters are not guaranteed in every subframe, at least performing no worse than MMSE-IRC. Such robust operation could be ensured by performing up to two decoding attempts; one with NAICS and one with LMMSE-IRC [8].

There will be conditions in which there is no NAICS gain, either due to radio conditions and scheduling, or due to mismatch between CQI and the channel state at the time of scheduling.  Therefore, there will be a need for eNBs to deactivate the NAICS functionality. Deactivation aspects are discussed more thoroughly in [8].

Observation 7: 
· There is a need for the network to be able to deactivate the NAICS functionality and/or for the UE to indicate that conditions are favorable for NAICS [8].
2.3. Association of NAICS assistance parameters to cell IDs and/or CCIDs
In RAN1#77 and the following email discussion, the issue of how to associate assistance parameters with a cell ID or other parameters such as CCID was raised.  Views were expressed that CCIDs should be associated with a cell ID, or with a CSI-RS (which might then be QCL’d with a CRS).  To some degree, this is an RRC signaling design issue (discussed in our companion contribution [5]); we attempt here to focus on needed combinations of parameters for physical layer operation.  

The signaling approach groups PDSCH parameters in a TP specific way, essentially identifying a PDSCH configuration for the TP in each group (referred to here as a NAICS-AssistanceInfo IE).  Multiple NAICS-AssistanceInfo IEs (up to Nassist IEs) are provided, and each can address the same TP, so multiple configurations and CCID pairs can be associated with the same or a different TP, and different TPs can use a same or different cell ID.    

The signaling can be illustrated as shown below:
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Each NAICS-AssistanceInfo provides a CRS and a physical cell ID, optionally including a CCID pair.  In this way, CRSs are associated with an interfering PDSCH, thereby identifying REs containing CRSs as well as allowing CRS-IC.  Assistance for any or all TMs supported by NAICS can be provided in one NAICS-AssistanceInfo, and so information for fall back TMs is straightforwardly given. 

The PDSCH parameters are at least those already agreed or are working assumptions: PB, subset of PA, subset of TM, and minimum number of contiguous PRB pairs allocated to the interferer.  If additional parameters are be agreed, they can be added to the list.  

A parameter that is not strictly agreed, but that may be useful to implement agreements, is the maximum number of interfering layers. For CRS based TMs, the maximum rank can be implied by the choice of TM3, TM4, or TM6 in ‘subset of TMs’.  However, since NAICS supports TMs 8, 9, and 10 up to 2 layers, an additional parameter would be needed to indicate a maximum number of layers in addition to TM.  If there are concerns for blind detection performance or complexity for DMRS based TMs, this information could be useful to signal. A second benefit to specifying the maximum number of layers is to capture the agreement to limit interfering transmissions to 2 spatially multiplexed layers.  This agreement can be easily captured by setting the default value of the maximum number layers to 2.  Otherwise, the agreement may be difficult to capture: RAN4 performance tests are not behavioral specifications, and procedures in 36.331 or 36.213 are probably overkill.
The maximum number of NAICS-AssistanceInfo IEs can set an upper bound on the number of CCID blind detections.  Since there are up to Nassist IEs, then each UE is aware of 2* Nassist CCIDs.  However, (as discussed in [2]) since UEs may be able to roughly rank the power of the interfering PDSCHs with the TP specific configurations envisaged here, UEs need not blindly decode CCIDs corresponding to the weakest interfering TPs.  Therefore, since CRS-IC assistance signaling supports up to 8 neighboring cells, we think that setting a maximum value of Nassist =8 in RAN2 specifications is suitable.  
Proposal 5: 

· NAICS assistance signaling is TP specific.
· PDSCH parameters for all TMs supported by NAICS can be associated with each TP.
· A Cell ID, number of CRS ports, and, optionally, an MBSFN configuration is provided per TP if configured.
· A maximum number of interfering layers that an interfering PDSCH should have is signaled.

· Signaling identifies up to 8 interfering TPs with 1 CCID pair per TP.

3. Conclusion

This contribution discussed some details on signaling power offset values and further considered the need for signaling the FFS parameters on CSI-RS, QCL, and PDSCH starting symbol. It also addressed how the assistance parameters can be associated with cell ID and/or CCID.  The observations made led to the following proposals:

Proposal 1: 

· PA values to be signaled are taken from the set {-12, -10.77, -9, - 7.77, -6, -4.77, -3, -1.77, 0, 1, 2, 3} in which {-12, -10.77, -9, - 7.77} are applicable to QPSK only.

Proposal 2: 

· Any of the defined PA values (in the extended set) can be configured in NAICS assistance.
· It is up to network implementation to select PA values with sufficient blind detection reliability.

Proposal 3: 

· Signaling of a set of 4 power offset values could be a reasonable trade-off between UE complexity and network restrictions.
Proposal 4: 

· Assistance signaling for interfering QCL, CSI-RS, or PDSCH start is only specified if found needed by RAN4 to meet minimum performance requirements or feasible complexity and by RAN1 to have sufficiently small system impact.

Proposal 5: 

· NAICS assistance signaling is TP specific.
· PDSCH parameters for all TMs supported by NAICS can be associated with each TP.
· A Cell ID, number of CRS ports, and, optionally, an MBSFN configuration is provided per TP if configured.

· A maximum number of interfering layers that an interfering PDSCH should have is signaled.

· Signaling identifies up to 8 interfering TPs with 1 CCID pair per TP.
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