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Introduction
Pertinent agreements and progresses made on layer indicator reporting in RAN1 #91 [1] and email discussion can be summarized as follows:
	Summary of agreements and conclusions:

 Agreement
Introduce new possible values in the report quantity parameter in Report Setting to indicate presence of strongest layer indicator (LI) in the CSI report




This contribution addresses the a few issues of SLI (strongest layer indication) reporting. In particular, when SLI shall be reported and shall not reported will be discussed. In regard of TS 38.214 v15.0.0, this contribution proposes required SLI reporting rule for NR.
Discussion on Reporting SLI
In the CSI framework, CSI consists of strongest layer indication (SLI). In current design, SLI can be reported along with rank indicator (RI), CQI and/or PMI. By SLI parameter, the UE can report the index of layer with strongest SINR among multiple layers. The use case for SLI is the transmission of downlink PT-RS (phase tracking phase noise). 
In the transmission of downlink PT-RS, PT-RS antenna port is associated with the corresponding DM-RS port group and is associated with the lowest indexed DM-RS antenna port. With the reported SLI, the gNB can allocate the lowest indexed DM-RS antenna port to a layer with the strongest channel quality so that the corresponding PT-RS antenna port is transmitted on the layer with best channel quality.
[bookmark: _Hlk500442245]First of all, the SLI is needed only when downlink PT-RS is transmitted. The transmission of PT-RS is turned on/off and configured through a few aspects in current design. A higher layer parameter Downlink-PTRS-Config is used to turn On/Off the downlink PT-RS feature. The downlink PT-RS would be sent to one UE only when Downlink-PTRS-Config is set to “On”.  If the PT-RS is turned on, the transmission of PT-RS in each particular PDSCH is controlled by the scheduled MCS and scheduled bandwidth [2]. The PT-RS is not present in one PDSCH if the scheduled MCS is less than some value or the scheduled bandwidth is less than some value [2]. The SLI is not needed when PT-RS is not present. Therefore, the UE does not need to report the SLI when PT-RS is not present.
Secondly, the SLI in only needed when the scheduled PDSCH has multiple layers. The PT-RS (if present) antenna port is associated with the lowest indexed DM-RS antenna port. Only when there are more than one DM-RS antenna ports, the gNB needs to know which layer should be the lowest indexed DM-RS antenna port. Therefore, the SLI is needed only when the RI in CSI report is greater than 1.
To summarize, we can observe that the UE does not need report the SLI when:
· Higher layer parameter Downlink-PTRS-Config is not set to ‘On’ or
· The RI in one CSI report is 1 or
· The CQI in one CSI report is less than some value.
And the SLI would be useful to the gNB and the UE could report SLI in one CSI report when: The higher layer parameter Downlink-PTRS-Config is set to “On”, the RI in that CSI report is ≥ 2 and the CQI reported in that CSI report is equal or greater than some threshold.
To summarize, the UE shall report the SLI in one CSI report as follows:
Proposal 1: In NR, the UE shall report the SLI in one CSI report as follows:
· The UE shall not report the SLI in one CSI report when higher layer parameter Downlink-PTRS-Config is not set to ‘On’ or the RI reported in that CSI report is 1 or the CQI reported in that CSI report in less than some threshold;
· The UE shall report the SLI in one CSI report when higher layer parameter Downlink-PTRS-Config is set to ‘On’, the RI reported in that CSI report is ≥ 2 and the CQI reported in that CSI report in equal or greater than some threshold;
The transmission of downlink PT-RS can have 1 or 2 ports. PT-RS with 1 port can be used for PDSCH with one or two codewords. PT-RS with two ports are used only when there are two codewords and each PT-RS port is associated with one corresponding DM-RS port group for one codeword. Therefore, the information of SLI for both DM-RS port group is needed when two PT-RS ports are used. To support that, the UE needs to report two SLIs for two TBs. The UE can report one SLI for the first TB and one SLI for the second TB in CSI report when CSI for two TBs is reported. The gNB can configure the proper association between PT-RS port and DM-RS port within each DM-RS port group for one codeword.
Proposal 2: The UE shall report two SLIs in one CSI report when RI in that CSI report is > 4, in which the UE shall report one SLI for the first TB and one SLI for the second TB.
Conclusions
Regarding the SLI in CSI report, the following proposals are made:
Proposal 1: In NR, the UE shall report the SLI in one CSI report as follows:
· The UE shall not report the SLI in one CSI report when higher layer parameter Downlink-PTRS-Config is not set to ‘On’ or the RI reported in that CSI report is 1 or the CQI reported in that CSI report in less than some threshold;
· The UE shall report the SLI in one CSI report when higher layer parameter Downlink-PTRS-Config is set to ‘On’, the RI reported in that CSI report is ≥ 2 and the CQI reported in that CSI report in equal or greater than some threshold;
Proposal 2: The UE shall report two SLIs in one CSI report when RI in that CSI report is > 4, in which the UE shall report one SLI for the first TB and one SLI for the second TB.
Text Proposals
In TS 38.214 
[bookmark: _Toc501048183]5.2.1.4	Reporting configurations
…
A UE shall not report SLI in one CSI report if a UE is not configured with the higher layer parameter Downlink-PTRS-Config set to 'ON'. When a UE is configured with the higher layer parameter Downlink-PTRS-Config set to 'ON',
· If the additional higher layer parameters timeDensity for PT-RS is configured, the UE shall report SLI in one CSI report when the corresponding efficiency of reported wideband CQI is greater than the corresponding efficiency of ptrs-MCS1 that is configured in Table 5.1.6.3-1.
· Otherwise, the UE shall report SLI in one CSI report when the efficiency of reported wideband CQI from Table 5.2.2.1-2 is greater than the efficiency of MCS 10 in Table 5.1.3.1-1 or when the efficiency of reported wideband CQI from Table 5.2.2.1-3 is greater than the efficiency of MCS 5 in Table 5.1.3.1-2
· The UE shall not report SLI for all other configurations. 
[bookmark: _GoBack]A UE shall report two SLIs in one CSI report when the RI reported in one CSI report is > 4. The first reported SLI is for the first codeword and the second reported SLI is for the second codeword.
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