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1. Introduction
In RAN1#89, the following agreement is achieved on Type I and Type II CSI [1].
Agreement:
· Slides 4 to 24 in R1-1709232 are agreed
· For slide 20, FFS whether or not support frequency-dependent parameterization and if so, the details
· FFS whether or not to further enhance analog beamforming related operations especially for >1 layers
In this contribution, we discuss some design aspects on Type I and Type II CSI report on PUSCH.
2.  Discussion on CSI report on PUSCH
In NR CSI and beam management framework, various CSI parameters need to be reported in PUSCH. At least the following parameters have been supported
1. For beam management: beam index (BI), beam group ID and RSRP;
2. For CSI acquisition: RI, PMI and CQI.
Typically, a CSI reporting in PUSCH contains all CSI parameters which are triggered. However, the priorities of different parameters can be different. For example, as RI determines precoding matrices indicated by PMI, RI should have higher priority than PMI. Hence for PUSCH reporting, resource mapping and parameter encoding rules need to be designed carefully considering these parameters’ priorities.
2.1 Analysis on parameters’ priorities
BI, beam group ID and RSRP
As beam management is used for identifying the best analog beams, and analog beams change more slowly than other channel parameters, triggering of beam reporting is less frequent than other CSI parameters. Hence BI, beam group ID and RSRP should have higher priority than RI/PMI/CQI. 
In NR beam reporting framework, grouping based beam reporting has been supported. UE selects and reports beams based on some grouping rules. Among all the selected beams, beams which can or cannot be received simultaneously are reported in the same group. Since the groups are formed based on some spatial property of the physical channels, group RSRP, which is calculated per beam group, should change more slowly than RSRP of each beam. Hence a dual-level BI and RSRP reporting can be considered as shown in Fig. 1. Level-1 RSRP is the group RSRP, and level-2 RSRP can be the RSRP of beams in each group. In this case, BI, group ID and level-1 RSRP has level-1 priority, whereas level-2 RSRP has lower priority. Following this dual-level approach, level-1 and level-2 RSRP can be triggered and reported separately. Thus the beam reporting overhead and system performance can be potentially optimized.


Fig 1. An example of dual-level RSRP report
Proposal 1: For NR PUSCH reporting, BI, group ID and RSRP should have higher priority than RI/PMI/CQI.
Proposal 2: Dual-level RSRP reporting should be considered for NR beam reporting in PUSCH.
RI, PMI and CQI
CSI reporting including RI/PMI/CQI has been investigated for a long time in LTE. In general, from high priority to low priority, the order of these CSI parameters should be: RI, PMI and CQI. PMI includes WB PMI and SB PMI. If Type II is configured, WB PMI should include beam information and WB amplitude, whereas SB PMI should include SB amplitude and phase information.  
Proposal 3: From high priority to low priority, the order of RI/PMI/CQI should be: RI -->  PMI and CQI.
Based on the above analysis, we can summarize that the follow priority levels can be applied to the above all CSI parameters.
· Level 1: BI, beam group ID and level-1 RSRP
· Level 2: Level-2 RSRP
· Level 3: RI
· Level 4: PMI and CQI
In the above priority levels, different levels should be encoded separately, whereas in the same level, CSI parameters can be encoded jointly.
2.2 Resource mapping rules
In the previous sub-section, we identify priority levels of all CSI parameters. In this sub-section, we illustrate how these parameters are mapped to physical resources in PUSCH.
As high-priority parameters determines how low-priority parameter should be derived, they are more important for system performance. Hence lower error rate should be guaranteed for high-priority parameters. One potential solution is to map higher-priority parameters closer to UL DMRS symbols. One detailed example is shown in Fig. 2 for CP-OFDM.
[image: ]
(a)
[image: ]
(b)
Fig. 2 Examples of CSI parameter mapping in PUSCH
In Fig. 2(a), only one DMRS symbol set, i.e., front-loaded DMRS, is configured. In this case, time gap between higher-priority parameters and DMRS symbol should be smaller that time gap between lower-priority parameters and DMRS symbol. In Fig.2(b), two DMRS symbol sets are configured. Then the smallest time gap between higher-priority parameter and two DMRS symbol sets should be smaller than the smallest time gap between lower-priority parameters and DMRS symbol sets. Moreover, if only partial priority levels are reported in PUSCH, e.g., beam management-only or CSI acquisition only, higher-priority level in reported parameters should locate closer to DMRS symbol.
Proposal 4: In each PUSCH CSI reporting, higher-priority level in reported parameters should be located closer to DMRS symbol.
3. Conclusions
In this contribution, we discuss some design aspects of CSI report on PUSCH. Based on the discussion, we have the following proposals.
Proposal 1: For NR PUSCH reporting, BI, group ID and RSRP should have higher priority than RI/PMI/CQI.
Proposal 2: Dual-level RSRP reporting should be considered for NR beam reporting in PUSCH.
Proposal 3: From high priority to low priority, the order of RI/PMI/CQI should be: RI -->  PMI and CQI.
Proposal 4: In each PUSCH CSI reporting, higher-priority level in reported parameters should be located closer to DMRS symbol.
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