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1. Introduction
In RAN1#76bis, the following was agreed as a working assumption regarding higher-layer signaled parameters for NAICS:
Working assumption:

· Following parameter could be signalled by higher-layer signalling

· Information related to PB
· Set of less than 8 power offset values

· Subset of virtual cell ID

· FFS: Cell ID, CRS ports, MBSFN pattern, QCL, Supported TM, signalling or restriction related to “no Type-2 distributed resource allocation”, zero-power and non-zero-power CSI-RS, CFI

· Higher-layer signalling is configured per component carrier

· Further study is needed about blind detection or higher-layer signalling for system bandwidth, synchronization indication

Meanwhile, RAN4 reached the following agreements in RAN4#70bis:
Agreements on Semi-static NAICS Parameters

· Synchronization of CP, slot, SFN, subframe and common system bandwidth for the serving cell and interfering cells can be implicitly assumed if NAICS signaling is present

· ρB/ρA ratio (i.e. PB) should be signaled by the higher layer

· Cell ID is needed for higher layer signaling

· Virtual Cell ID needs to be restricted (Restriction indicated by signaling) 

· Subset size for VCID set needs further study

Agreements on Dynamic NAICS Parameters

· CRS based TMs: Dynamic parameters namely modulation, PMI, RI, presence of interferer can be jointly and blindly detected for 2 CRS APs case under assumption that remaining semi-static parameters, PA, and TM are known and under scenarios studied in RAN4. There is no consensus on 4 CRS port scenarios.

· Known parameters are assumed to be signaled or blindly detected correctly

· DMRS based TMs: Dynamic parameters namely modulation, RI, DMRS ports, nSCID, and presence of interferer can be jointly and blindly detected for 2 DMRS ports (port 7 and 8) under assumption that remaining semi-static parameters and TM are known and under scenarios studied in RAN4

· Known parameters are assumed to be signaled or blindly detected correctly

· TM7 not supported by NAICS

· For TM10, blind detection of nSCID is FFS

· 4 Tx with 2 DMRS ports needs confirmation

· Interferer parameters are assumed to have granularity of at least 1 PRB pair in time. Further bundling in frequency domain is FFS

· Following parameters are necessary to be restricted (Restriction indicated by HL signaling) 

· P_A values should apply to QPSK transmissions 

· P_A subset for further study

In this contribution we further discuss the remaining aspects of higher layer signaling for NAICS.

2. Discussion on higher-layer signaled parameters
Some parameters have already been agreed to be higher-layer signaled to the UE. However, before going to further details, it would be beneficial to agree on how the network assistance (NA) information is supposed to be used at the UE side as during RAN1#76bis it seemed that different companies might have slightly different understanding about this. Also the exact NAICS functionality assumed by the UE that is utilizing the network assistance information should be agreed. Related to the latter, a way forward document [2] was already presented in RAN1#76bis.
Essentially, the dominant interferer from UE perspective may change even fairly fast. It is obviously not feasible for the network to be aware of which interferer the UE should cancel, and it is also not feasible to continuously reconfigure the network assistance information according to the changing interfering conditions. Rather, the UE shall decide which interferer to cancel in a particular subframe. For this purpose, the UE should be signaled a set of candidate cells, and a set of interference parameters corresponding to each candidate cell. The UE is able to detect the dominant interfering cell, and look up from the assistance information the set of interference parameters corresponding to the detected interfering cell. This is essentially similar to how the existing CRS assistance information is used, and how in our view also NAICS information should be utilized. 
Proposals:

1. NA information comprises a list of candidate cells for interference cancellation.
· The maximum number of candidate cells included in the assistance information is FFS.

· A set of interference parameters is signaled for each candidate cell.
· Each set of interference parameters is associated with the corresponding candidate cell using the physical cell ID.
Regarding the NAICS functionalities, in [2] it was essentially proposed that a NAICS UE would at least suppress PDSCH and CRS interference in all scheduled subframes (based on the assistance information). Such functionalities have been assumed throughout the study and work item, and it seems reasonable to take this as the baseline assumption when deciding on the network assistance information.

In the following, we discuss further which interference parameters should be included in the NA information per candidate cell.
CRS parameters

By CRS parameters we refer to the same parameters as signaled in CRS assistance information for LTE Release 11 feICIC, i.e. cell ID, number of CRS antenna ports and MBSFN subframe configuration. As proposed above, cell ID needs to be included anyway as an index to other NA information per candidate cell.

The number of CRS ports should be in our view signaled to the UE on a per-interfering-cell basis. This may require some signaling within the network between the eNBs, however as this is already assumed in Release 11 feICIC, this should likewise be feasible in the context of NAICS. Note that even if the UE would be required to detect CRS presence as discussed in the next paragraph, knowing the number of CRS ports beforehand would make the CRS presence detection more reliable at the UE side.
MBSFN subframe configuration belongs to the same category as the number of CRS ports and from that perspective could also be signaled. However, a Release 12 UE might anyway be mandated to detect the presence of CRS in the neighboring cell on a per-subframe basis, due to small cell on/off (depending on the details) and eIMTA where some subframes might be either downlink or uplink. On the other hand, signaling the MBSFN configuration to the UE would always at least allow the UE to skip CRS detection in MBSFN subframes. If additionally the UE would be indicated whether the interfering cell is eIMTA- and/or on/off-enabled, CRS detection could be avoided completely in cases when the interfering cell is not eIMTA- or on/off –enabled. This might decrease the impacts of potential misdetections and hence improve performance, even if the UE as such would be capable of CRS detection. In any case, some feasibility studies may be required by RAN4 on the performance and complexity of CRS detection on a per-subframe basis.
It is noted that parameter PB was already agreed by RAN4 to be signaled by higher layers to the UE.
Proposals:

2. The number of CRS ports shall be signaled to the UE for each cell included in the network assistance information.

3. Discuss further how to handle MBSFN subframe configuration, utilization of small cell on/off and eIMTA in the neighboring cell(s).
· RAN4 actions may be needed to check whether reliable detection of CRS presence can be performed on a subframe basis assuming the knowledge of the number of CRS ports.

Resource allocation parameters
Resource allocation parameters refer here essentially to the PRB allocation granularity, which depends on both the resource allocation type and also on the usage of distributed VRBs. RAN4 has already agreed that the interferer parameters are assumed to have a granularity of at least 1 PRB pair in time, further PRB bundling being FFS. Our preference would be that the interferer parameters may be assumed to have a granularity of at least one PRG or even one subband, or alternatively, the network could configure the granularity for the UE.

However, whatever the granularity, it is not entirely clear how this assumption is enforced in practice, i.e. whether the network is restricted in terms of PRB allocation, or whether the UE is for instance supposed to detect whether the assumption holds and if not, e.g. fall back to LMMSE-IRC reception. As this is highly RAN4-related, our proposal would be to leave further discussion on the resource allocation parameters to RAN4.
CFI and PDSCH start symbol
One question is from which OFDM symbol the UE should start the interference cancellation. If the first cancelled symbol is too early, the UE might do IC wrong since the UE might attempt to cancel something from the PDCCH region, or even from empty REs (if CFI<PDSCH start symbol). On the other hand if the first symbol is too late, there may be some PDSCH symbols for which UE does not perform IC and that would thus suffer from higher interference levels.
It should be noted that detecting the CFI from the interfering cell, in addition to increasing UE detection complexity, might not even provide true PDSCH start symbol as the two are not always equal. For instance, if the aggressor cell is an SCell for a UE, or if the interfering transmission is a TM10 transmission with PQI indicating the PDSCH start symbol instead of CFI, the detected CFI might not match with the actual PDSCH start symbol. In such case it might prove useless to detect CFI blindly. Hence, even if the CFI would be detected, the UE would not be able to determine whether that represents the actual PDSCH start symbol or not. On the other hand, direct UE blind detection of the PDSCH start symbol looks extremely challenging if not even infeasible. 

Hence, an assumption on the interfering cell PDSCH start symbol is required at the UE side. Signaling of this information could provide benefits especially in cases where the dynamic PDCCH region size is not actually used and the PDSCH start symbol remains static anyway. On the other hand, the assumed PDSCH start symbol could be fixed, however even in that case the assumption would need to be specified at least for the purpose of developing the demodulation performance requirements.
It is noted that from network perspective, any assumption signaled to the UE about PDSCH start symbol would not restrict scheduling as the network can always utilize different values with the performance implications discussed above, should there be a mismatch between what the UE assumes and what is actually used. 
Observations:
· PDSCH start symbol cannot be detected blindly by the UE. It may be possible to detect CFI in principle, but CFI does not always provide information about the actual PDSCH start symbol.
· Signaling an assumed PDSCH start symbol does not restrict network operation in any way.

· Some demodulation performance degradation is expected when the interfering PDSCH start symbol does not match with the signaled PDSCH start symbol.

Based on these observations, our proposal is that the UE is signaled an assumed PDSCH start symbol for each interfering cell for which NA information is provided. 
Proposal:

4. UE is signaled an assumed PDSCH start symbol for the interfering transmissions.
Set of transmission modes
Currently, LTE includes a total of ten transmission modes in downlink. While the UE is not actually required to implement ten different hypotheses to test all possible interfering transmission schemes (since many TMs share the same transmission schemes), it proves beneficial to reduce the number of TM hypotheses whenever possible. It is very unlikely in practical deployments that all transmission modes would be simultaneously utilized within one cell, hence the UE could be signaled a restricted subset of transmission modes in order to improve the blind detection performance and to save complexity/battery life.
Again, having the possibility of restricting a subset of transmission modes to be included in UE interference hypothesis testing would not in any way restrict network operation and hence does not degrade system performance (note that the network would be allowed to indicate even all TMs as used in the worst case). On the contrary, since the number of hypotheses can be reduced in most cases, the performance can only be expected to improve. In fact, it would be rather strange to require the UE to search through all TM hypotheses when only a small subset of TMs is in fact in use.

The performance of blind TM detection with a restricted set of TMs is shown in Appendix A. Based on the above discussion and the results, we make the following observations:
Observations:

· Restricting the set of TMs to those actually in use in the cell does not restrict network operation in any way. However, the resulting reduction in the number of blind detection hypotheses at UE side will have a positive performance impact.

· A significant increase is observed in the performance of TX/DTX, transmission scheme (mode) and rank detection when the UE is configured with a restricted set of transmission modes. False detection rates are divided by ~2 in the simulated cases.
Thus we propose:
Proposal:

5. Higher-layer signaling should include a possibility of indicating a restricted subset of transmission modes assumed for the interfering transmission.
Dynamic interfering PDSCH -related parameters
Dynamic interfering PDSCH -related parameters refer here to rank indicator, PMI and parameter PA used to control the PDSCH-to-CRS EPRE ratio (together with parameter PB). Restricting the blind detection hypotheses regarding these parameters could have a direct impact on the system performance with a few exceptions:
1) In a coordinated network (e.g. single eNB), it might be possible to perform rank coordination by aligning the rank-1 transmissions of mutually interfering cell edge UEs, and hence to inform the UEs that these may assume rank-1 interference: this would again save UE complexity and improve blind detection reliability in such case. It is also noted that ranks higher than two might not be used at all in the network. 
2) Codebook subset restriction might be in use in the interfering cell. In this case, it would be beneficial to reduce also the UE hypothesis testing on the interfering cell PMI. This is mainly to improve PMI detection performance as the UE should still be able to go through all PMI hypotheses from UE processing perspective. 
3) In both RAN1#76bis and RAN4#70bis, it was already agreed to restrict the set of power offsets PA. This has a minor impact on the possibilities of the eNB to perform DL power control, however as the power offset granularity is fairly high currently, enabling only a smaller set of power offset values should not degrade the performance much.
Based on the above discussion, for rank and PMI estimation purposes, the possibility of indicating a codebook subset restriction for the interfering cells could be considered. In that case the existing codebook subset restriction signaling could be applicable. 
For PA, it was discussed in RAN1#76bis that since currently the values do not apply for QPSK modulation and since the eNB might therefore perform more aggressive power control for QPSK, a set of less than eight power offset values would be signaled to the UE. At the same time in RAN4#70bis, it was agreed that PA values should apply to QPSK, while the subset of PA values to be signaled would be for further study. Appendix B shows results on restricting the size of PA subset to three values {-6,-3,0} dB, clearly illustrating that at least in this case the estimation is clearly improved compared to a non-restricted set of PA values. However, this would still need to be confirmed via throughput results, as errors in power offset estimation (especially overestimated PA value) may have a rather significant impact on the cancellation efficiency. In any case it would seem safe to already narrow the set down to at most four values, applicable also to QPSK modulation, while the rest of the details will most likely need to be left for RAN4.
Observations:

· Signaling a codebook subset restriction to the UE may have benefits due to the reduction in the number of hypotheses in blind PMI/RI estimation.
· Restricting the subset of PA values has a beneficial impact on PA detection performance. 

· Assuming that PA is restricted to 3 values signaled to the UE, PA detection error rates seem acceptable, at least for 2-Tx case, pending confirmation of impact in terms of throughput.
Thus we propose:

Proposals:
6. Higher-layer signaling should include a possibility of indicating a codebook subset restriction for the interfering transmission.
7. Consider a set of [1-4] PDSCH-to-CRS power offset values to be signaled to the UE, applicable to all modulation schemes.

· Further details, such as further reduction in the number of possible values, are up to RAN4.
CSI-RS and quasi-colocation parameters
By RS parameters we refer to parameters related to CSI-RS, DMRS and QCL. It is noted that:

· DMRS is related to TM8, TM9 and TM10;

· CSI-RS is related to TM9 and TM10;

· QCL is related only to TM10.
Hence, basically none of these parameters or only a subset may need to be signaled depending on the restricted subset of TMs signaled to the UE. Regarding DMRS, it is already agreed that a subset of virtual cell IDs will be signaled to the UE. The main open issue is the maximum size of this subset. 
CSI-RS:

Regarding CSI-RS, there are multiple reasons both from blind interference parameter estimation as well as from demodulation point of view why this information might be needed at the UE side: First from blind parameter estimation point of view, unknown CSI-RS would confuse the estimator as there can be up to 40 REs within a PRB pair with a modulation (QPSK), power level (including zero power) and precoder (no precoding) different from the actual PDSCH data. From demodulation point of view, unknown CSI-RS would cause the UE to do the IC with a false assumption about the interference, degrading the performance. Finally, the CSI-RS information may be needed both in estimation and IC stage to enable correct assumption about the phase of SFBC or TM3 precoder cycling. CSI-RS REs shift the position of SFBC REs as well as the phase of precoder cycling, which the UE needs to be aware of in order to compute the effective channel. Hence our view is that CSI-RS configurations should be signaled to the UE by higher layers. How to exactly do the signaling may need to be considered further still since in TM10, in shared cell ID scenarios, different transmission points may be associated with different CSI-RS configurations.
QCL:

Regarding quasi-colocation, the problem is that in TM10 in particular in shared cell ID deployments, DMRS may not always be assumed quasi-colocated with CRS (with QCL type B), while the UE should still be aware of the long-term channel characteristics of the interfering transmission. Problem is that while detecting DMRS-based interference, the UE generally may not be aware of the related TM and hence the related QCL assumption. One possible solution is that each DMRS sequence indicated by the set of virtual cell IDs is associated with a QCL reference signal (e.g. CSI-RS or CRS). However more studies may be needed in this respect.
Observations:

· CSI-RS information is needed to avoid confusing the UE blind parameter estimators and to avoid IC with false assumptions about the interference.

· Unknown CSI-RS would mean that there are at most 40 REs per PRB pair with modulation, power level and precoding different from the interfering PDSCH. 

· Furthermore, awareness of CSI-RS REs is required for determining the phase of SFBC and TM3 precoder cycling.

· For DMRS-based transmission, the UE would need to be aware of the related QCL reference.
Consequently, we have the following proposals:

 Proposals:
8. CSI-RS configurations shall be signaled to the UE for the interfering transmissions.

· FFS how to exactly signal the configurations taking into account also TM10 and shared cell ID scenarios.

9. Study further how to signal the QCL assumptions to the UE for DMRS-based interference.

3. Conclusion 
In this contribution we have discussed the higher-layer signaling of network assistance information to the UE. Our proposals are listed as follows:
Proposals:
1. NA information comprises a list of candidate cells for interference cancellation.

· The maximum number of candidate cells included in the assistance information is FFS.

· A set of interference parameters is signaled for each candidate cell.
· Each set of interference parameters is associated with the corresponding candidate cell using the physical cell ID.
2. The number of CRS ports shall be signaled to the UE for each cell included in the network assistance information.

3. Discuss further how to handle MBSFN subframe configuration, utilization of small cell on/off and eIMTA in the neighboring cell(s).

· RAN4 actions may be needed to check whether reliable detection of CRS presence can be performed on a subframe basis assuming the knowledge of the number of CRS ports.

4. UE is signaled an assumed PDSCH start symbol for the interfering transmissions.
5. Higher-layer signaling should include a possibility of indicating a restricted subset of transmission modes assumed for the interfering transmission.

6. Higher-layer signaling should include a possibility of indicating a codebook subset restriction for the interfering transmission.
7. Consider a set of [1-4] PDSCH-to-CRS power offset values to be signaled to the UE, applicable to all modulation schemes.

· Further details, such as further reduction in the number of possible values, are up to RAN4.

8. CSI-RS configurations shall be signaled to the UE for the interfering transmissions.

· FFS how to exactly signal the configurations taking into account also TM10 and shared cell ID scenarios.

9. Study further how to signal the QCL assumptions to the UE for DMRS-based interference.
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Appendix A – Results on restricting the set of TMs
Simulations were performed on blind detection of PDSCH presence (TX/DTX), transmission scheme and rank with or without restriction in the set of transmission modes. However, only CRS-based transmission modes were considered in this study. Each of the interfering cells transmits with TM3, and the sets of TM hypotheses are either TM2/TM3/TM4/TM6 or TM2/TM3. Serving cell SINR is set to 0 dB and the estimation is done over 3 PRBs. More detailed assumptions are found in our RAN4 contribution [3]. Figure 1 shows the impact on PDSCH presence detection, Figure 2 on the Tx scheme detection error probability and Figure 3 on rank detection error probability. The results indicate that there is a clear increase in the performance of TX/DTX, transmission scheme (mode) and rank detection when the UE is configured with a restricted set of transmission modes. False detection rates are divided by ~2 in the simulated cases.
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Figure 1: PDSCH presence detection for the strongest interferer (TX=PDSCH present, DTX=not present) vs. TM hypotheses at the UE, 3 PRB for estimation.
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Figure 2: Tx scheme detection error depending on TM hypotheses at the UE, TM2/TM3 interference, 3 PRB for estimation, serving cell SINR=0dB.
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Figure 3: Rank detection error depending on TM hypotheses at the UE, TM2/TM3 interference, 3 PRB for estimation, serving cell SINR=0dB.


Appendix B – Results on restricting the set of PA values

Simulations were performed on blind detection of parameter PA with or without subset restriction, where the restricted subset of PA values was {-6,-3,0} dB. Note that this simulation is for 2-Tx and assuming estimation over 3 PRBs. The detailed assumptions can be found in our RAN4 contribution [3]. Essentially, the results in Figure 4, Figure 5 and Figure 6 show that by restricting the subset of PA values to 3 values with 3 dB spacing significantly improves the estimation performance. However, whether this performance is sufficient may still require further studies (in terms of throughput).
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Figure 4. Detection probability of PA when the true PA=-6 dB, without subset restriction (left) and with subset restriction to PA ={-6,-3,0} dB (right).
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Figure 5. Detection probability of PA when the true PA=-3 dB, without subset restriction (left) and with subset restriction to PA ={-6,-3,0} dB (right).
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Figure 6. Detection probability of PA when the true PA=0 dB, without subset restriction (left) and with subset restriction to PA ={-6,-3,0} dB (right).

