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1. Introduction
This document presents a summary of the work for the NAICS WI, [1], required for this RAN4 #72 meeting. In the last RAN Plenary meeting RAN#64 an extension was given for RAN4 to continue consideration of the NAICS core related issues for one more meeting cycle before RAN4 commences its evaluation of the performance of NAICS.

In this RAN4 #72 meeting, we need to address the remaining open items for the core part of NAICS in order to give some guidance to RAN1 so they can finalise the signalling for NAICS in this August meeting. RAN4’s focus is to address the remaining FFS items relating to this NAICS core effort. 
In the last RAN4 #71 meeting, RAN4 sent an LS to RAN1, [3], which lists the RAN4 agreements as well as these FFS items. During the same meeting RAN1 #77 made more progress on defining the signalling for NAICS as indicated by their LS, [4] to RAN2 and RAN4 groups. The RAN1 agreements from this LS are summarised below:
RAN1 Summary

· The following parameters of interfering cells are signalled by higher layer

· Restricted subset of PA 

· Subset size of  PA  at most 3 (baseline) or 4 values
· Data RE to RS power offset values should apply to QPSK PDSCH transmissions 

·  The exact values of PA will be determined until RAN1#78, including existing values and possible new values
· Restricted subset of combination of virtual cell ID and nSCID for TM10

· Maximum subset size of combination of virtual cell ID and nSCID is in the range from 6 to 12, but number of blind detection in a subframe may be less than maximum subset size of combination of virtual cell ID and nSCID

· FFS: QCL
· FFS: Zero power and non-zero power CSI-RS configuration (Optionally provided by eNB)
· FFS: PDSCH starting position

· FFS: TDD UL/DL configuration of interfering cells

· FFS: How to associate the above higher layer signalling with a cell ID or other parameters (e.g., virtual cell ID, nSCID)
· Network assistance signalling from serving eNB can be provided to UEs without any new NAICS-specific report/trigger from a UE
· FFS: Network assistance signalling from serving eNB can be provided to UEs with new NAICS-specific trigger, and if so the triggering event/condition
·  RAN1 will continue the discussion whether to support of 4 CRS APs based CRS-based TMs and whether NAICS precoding matrix assistance signalling may be needed in this case.
Based on the outcomes listed above from RAN1 and the progress made in RAN4 summarised from the previously mentioned RAN4 LS [3], the remaining FFS items which RAN1 would benefit from RAN4 input are summarised below:

RAN4 Summary

· Parameters that RAN4 found benefit in complexity and performance if RAN1 defines the HL signaling with subset restrictions.

· User specific PDSCH-to-CRS EPRE, PA
· RAN4 found that with a subset size of at most 3 (baseline) or 4 values PA can be jointly blindly detected with other dynamic parameters
· RAN4 also suggest that P_A values should apply to QPSK PDSCH transmissions for both serving cell and interfering cell

· Virtual Cell ID for the TM10 interference
· The maximum number of combinations of VCID and nSCID subset needs to be limited to reduce UE implementation complexity
· RAN4 is continuing to study the complexity and performance benefits of assistance signalling for the following parameters until RAN4 #72 at the latest:

· PDSCH starting OFDM symbol

· This signalling does not imply any restriction at the eNodeB

· ZP and NZP CSI-RS configuration

· QCL information if interference is TM10

· RAN4 is continuing to study the joint blind detection feasibility for the following scenarios: 
· 4 CRS APs for CRS-based TMs

· Interferer parameters granularity used for parameters blind detection

· RAN4 found benefit in complexity and performance if a larger interferer parameters granularity in frequency (resource allocation and precoding granularity) can be signalled to UE without any impact on scheduling in the network.
In this contribution, we discuss each of the above parameters and give some background on the RAN1 discussions which have taken place recently. In this way, RAN4 can concentrate on those issues which will be of the most benefit RAN1 in helping them decide the signalling for NAICS. We propose RAN4 indicate their findings to RAN1 for consideration indicating the agreements for the remaining FSS items. 

2. Discussion of Parameters
This section discusses each of the parameters that RAN1 would find beneficial to receive input from RAN4. 

PA Values
RAN4 has agreed that 3 values as the baseline or 4 values are recommended for PA and that the value for PA should also apply to QPSK PDSCH transmissions too. What has not yet been agreed are the actual values to be used for PA and the mapping used for QPSK and 16QAM and 64QAM transmissions. The remaining issues for QPSK subset restriction can be summarised as:

· The subset size 3 (baseline) or 4 values

· Which values to be signalled

· The PA values used for QPSK transmissions
On the topic of subset size, there are UE complexity and performance issues to consider as well as network restrictions. Mediatek presented their PA simulation results [5] in the RAN4 #71 meeting where the performance of 3 PA was recommended from the original set of eight values, {-6dB, -4.77dB, -3dB, -1.77dB, 0dB, 1dB, 2dB, 3dB}. Using a subset size of 3 for these PA represents a realistic complexity and performance from a UE perspective. The network is free to choose which 3 PA values will be signalled within this set of 8.

On the topic of QPSK PDSCH transmissions, the restrictions only apply to QPSK C-RNTI PDSCH transmissions. This ensures that this QPSK PA subset restriction does not apply for the transmission of broadcast information such as paging or system information. We propose the same three PA values be used for these QPSK transmissions.
Proposal # 1: The network is free to choose three PA values from the set of existing 8 values and these same 3 values shall be also used for QPSK C-RNTI based PDSCH transmissions. The three values need to be explicitly signalled.
VCID and nSCID Combinations

The DMRS sequence in TM10 is determined by the higher-layer signalled parameter “virtual cell ID” 
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if configured (if not configured, the DMRS sequence is generated with the cell ID), where i={0,1} are the two nSCID states. These two parameters can take 503 values which is impossible to detect. RAN1 has concluded that [6 to 12] be considered for the number of combinations for VCID and nSCID. This subset size of VCID and nSCID combination has a trade off in terms of either UE complexity or network operation. In this meeting, Mediatek has a contribution, [6] which investigates the performance of these two subset sizes, 6 and 12. From this document, we conclude that 12 is our preference from a network configuration perspective, and that 6 represents good UE complexity. The UE performances for both these sizes are rather similar. 
Proposal # 2: Considering the progress of the NAICS WI, our preference is for 12 combinations for VCID and nSCID but we are fine with either 6 or 12. 
PDSCH Start Position
Since there is an uncertainty for an interferer in the number of symbols allocated to the PDCCH, the PDSCH start position is not known. Most times, the number of symbols for the PDCCH can be obtained by decoding the PCFICH of the interfering cell. However, this is not possible only from decoding the PCFICH due to added information being signalled on higher layers for two cases; cross carrier scheduling in CA and TM10. In this meeting, Mediatek present [8] the performance of blind detection of the PDSCH start position. 

Some companies have also presented results for always assuming the PDSCH starts in the 4th symbol for example. In this case the performance loss from this method leads to the conclusion that the NAICS receiver would benefit from receiving information about the PDSCH start position.  

Proposal # 3:  The PDSCH start position could be either blindly detected or found by decoding the interferer’s PCFICH. However for cross carrier scheduling in CA and TM10, this decoding does not give enough information to determine the PDSCH start position. Always using the 4th symbol assumption for the start position leads to a performance loss which leads to the conclusion that the NAICS receiver would benefit from receiving information about the PDSCH start position signalled from the network.
ZP and NZP-CSI-RS Configuration
There are two forms of losses incurred when ZP and NZP CSI-RS are configured in an interfering cell and the NAICS receiver is unaware of this configuration. The first is caused when the NAICS receiver tries to cancel the PDSCH interference that is not present due to the CSI-RS. The UE needs to know the combined CSI-RS configuration (if configured in a cell) so that UE can apply CSI-RS IC instead of PDSCH IC. The combined information includes all the CSI-RS ports assigned and the subframe offset and periodicity configuration. The second issue is due to blind detection performance for TM2. Since the ZP and NZP CSI-RS could leave an odd number of resource elements, there is an issue with the TM2 transmit diversity mapping. Due to these two performance related issues we recommend signalling be defined.
Proposal # 4:  Configuration information for all the CSI-RS (ports and offset/periodicity and 
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if configured) should be higher-layer signalled to the UEs. 

QCL Information

RAN1 had previously noted that performance with small PRB allocations in TM10 suffered and that the solution was to introduce QCL information to help with the estimation of time and frequency. The NAICS receiver finds itself in a similar position with only one PRB of DRMS to estimate these unknown parameters. In this case it is important for the NAICS receiver to have the QCL information to make use of the quasi-collocated CSI-RS/CRS. The NAICS receiver relies on accurate channel estimation to show performance gains, and without the QCL information, these gains are not likely to be realised, with only one PRB. Thus we propose the signalling of QCL information be considered for the NAICS receiver using TM10 .

Proposal # 5:  We propose QCL information be signalled to the UE using TM10 to aid in channel estimation of DMRS with the aid of the quasi-collocated CSI-RS/CRS.




4 CRS APs
There are many companies in RAN1 who see benefit from receiving input from RAN4 regarding the complexity and performance for 4 CRS APs. Mediatek has a contribution in this meeting [7] which discusses these performance and complexity issues. Another issue with 4 CRS APs is the increase in BD hypothesis testing for TM3 which is caused by an uncertainty for the large delay CDD phase offset. From our contribution, we conclude that only from a performance perspective, there are significant performance gains to be made from the NAICS receiver in mixed transmission mode with 4 CRS AP scenarios. These performance gain scenarios also include the added ambiguity of supporting TM3 mode. However, the complexity of implementing a full 4 CRS AP detector with no side information is prohibitive and thus we recommend that a PMI subset restriction be signalled to the UE.
Proposal # 6: The NAICS receiver shows worthwhile performance gains with 4 CRS AP configurations. However, due to the complexity we recommend that signalling be defined for PMI subset restriction to reduce the UE complexity in this mode.    

3. Conclusion

In this contribution, we discuss the list of parameters which RAN1 will find beneficial receiving advice from RAN4. We propose RAN4 indicate their findings to RAN1 for consideration indicating the agreements and conclusions for the above mentioned parameters.

We have the following particular proposals:
Proposal # 1: The network is free to choose three PA values from the set of existing 8 values and these same 3 values shall be also used for QPSK C-RNTI based PDSCH transmissions. The three values need to be explicitly signalled.

Proposal # 2: Considering the progress of the NAICS WI, our preference is for 12 but we are fine with either 6 or 12 combinations for VCID and nSCID. 
Proposal # 3:  The PDSCH start position could be either blindly detected or found by decoding the interferes PCFICH. However for cross carrier scheduling in CA and TM10, this decoding does not give enough information to determine the PDSCH start position. Always using the 4th symbol assumption for the start position leads to a performance loss which  leads to the conclusion that the NAICS receiver would benefit from receiving information about the PDSCH start position signalled from the network.
Proposal # 4:  Configuration information for all the CSI-RS (ports and offset/periodicity and 
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if configured) should be higher-layer signalled to the UEs. 

Proposal # 5:  We propose QCL information be signalled to the UE using TM10 to aid in channel estimation of DMRS with the aid of the quasi-collocated CSI-RS/CRS.


Proposal # 6: The NAICS receiver shows worthwhile performance gains with 4 CRS AP configurations. However, due to the complexity we recommend that signalling be defined for PMI subset restriction to reduce the UE complexity in this mode.
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