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1. Introduction
In RAN1 NR#3 meeting, the WF (R1-1716901) regarding several open issues on CSI reporting was agreed. In this contribution, we further discuss remaining details on CSI reporting for NR.

Discussion on partial CSI transmission
[bookmark: _GoBack]In the last meeting, following agreements regarding partial CSI transmission of part 2 CSI was agreed as:
   Proposal: Separately encoded parts of a CSI report on PUSCH carrying UL-SCH have different transmission priority
· Part 1 (used to identify the number of information bits in part 2) has higher priority
· Part 1 is first included in a transmission in their entirety before part 2
· Information bits and/or channel coded bits of part 2 can only be partially transmitted
· Omit CSI parameters corresponding to at least one subbands for part 2
· TBD by RAN1#90bis: if all of part 2 can be dropped as a special case
· TBD by RAN1#90bis: specify one of the following omission rules: 
· Omitted subbands are determined based on a decimation ratio and/or a priority pattern used to order subband CSI (defined in specification) 
· Omitted subbands are determined based on the measured subband CQI included in part 1

In this section, we discuss the above two highlighted issues on partial CSI transmission. Regarding the first issue on whether or not allow all of part 2 CSI can be dropped, we think dropping whole part 2 CSI as a special case should not be allowed, since part 1 CSI itself cannot provide any precoding information at all. In the case of Type 2 CSI, this may be more critical issue due to the fact that type 2 CSI is introduced for obtaining more accurate channel information in order to enhance MU MIMO performance.
Besides, when gNB triggers PUSCH-based reporting, gNB may not take the payload including only part 1 CSI into account in resource allocation of UCI. Thus, if the all of part 2 CSI is omitted, the benefit may be the PUSCH performance enhancement by allocating omitted resource to PUSCH. However, it is questionable how much performance gain will be achieved. Considering above discussions, dropping whole part 2 CSI should be avoided. Instead of dropping whole part 2 CSI, we may consider reporting at least WB PMI in part 2 CSI where the reported SB CQI in part 1 CSI can be calculated based on this WB PMI.
Proposal 1. For PUSCH-based transmission, dropping whole part 2 CSI should be avoided.
   Regarding second highlighted sub-bullet, there are two alternatives. One is based on using pre-defined dropping pattern, and the other one is based on the measured SB CQIs. In both cases, there may be an issue on payload size of part 2 CSI due to the payload variation according to number of reported SB(s). In order to avoid payload ambiguity, the information of reported SB(s) and/or SB omission pattern can be included in part 1 CSI. 
Also, there is an issue on SB CQIs calculation/reporting in part 1 CSI. If the SB CQI(s) are also dropped due to the part 2 CSI omission, it will impact on the payload size of part 1 CSI. Thus, it would be better to report all SB CQI(s) not only removing the payload ambiguity but also providing more CSI information to gNB. In this case, SB CQI(s) corresponding dropped SB can be calculated based on the PMI from the nearest reported SB.
Proposal 2. In order to avoid payload ambiguity, the information of reported SB(s) or pattern should be included in part 1 CSI.
Proposal 3. All of SB CQIs should be reported via part 1 CSI, and SB CQI(s) corresponding dropped SB can be calculated based on the PMI from the nearest reported SB.

In the approach based on measured SB CQI, UE needs to calculate the whole PMI and CQI for all of SBs, and may decide best M SB for the part 2 CSI reporting. On the other hand, in the pattern based approach, UE only need to calculate the PMI according to the patterns, and this may reduce the UE complexity. Thus, we prefer the pattern based approach. If the pattern based approach is supported, the SB dropping pattern should be uniform and flexibly applied to cover most of the cases. To this end, we propose following equations in order to uniformly dropping SB as: 
                                     (1)
Here, Y and M represents the configured # of SBs to UE and the # of reported SB(s), respectively. For illustration purpose, figure 1 exhibits the reported SB patterns according to (1) and assuming Y=10. 
[image: ]
Figure 1. An example of reported SB patterns with Y=10
Proposal 4. For PUSCH-based transmission, omitted subbands are determined by  where Y and M represents the configured # of SBs to UE and the # of reported SB(s), respectively. 
Remaining issues on UL channel utilization for CSI reporting
In RAN1 NR#3, aperiodic CSI reporting on short PUCCH was agreed to be supported. In addition, there was a proposal to support aperiodic CSI reporting on long PUCCH as well as short PUCCH. In our view, the support of long PUCCH for aperiodic CSI reporting seems not necessary. The use case of using long PUCCH and PUSCH for aperiodic CSI is duplicated and there is no technical benefit of using both options. Someone may argue that we also support both options for semi-persistent CSI. In our view, the support of semi-persistent CSI on PUSCH in addition to semi-persistent CSI on PUCCH was for providing a tool to give more accurate CSI information (i.e. full of type II CSI) regularly to the network. But, the support of aperiodic CSI on long PUCCH in addition to aperiodic CSI on PUSCH has no benefit in terms of signalling overhead and provided CSI resolution. Only benefit is to have more flexible UL resource utilization. In the most cases of using PUCCH based reporting, however, requires small/marginal payload so that the required amount of PUSCH resource will not be so large. In our view, the main use case of using PUCCH for aperiodic reporting is for self-contained CSI reporting (i.e. Y=0) since CSI contents on short PUCCH require relatively short computation time and short PUCCH is located at the end of the slot and spans only one or two symbols. If we limit the use case of short PUCCH for aperiodic CSI only for Y=0 case, that also helps to hugely reduce the UE implementation complexity. For high end UEs having capability of supporting Y=0, both options will be implemented. For low end UEs having no capability of supporting Y=0, they only need to implement aperiodic CSI reporting on PUSCH. 

Proposal 5. Do not support aperiodic CSI reporting on long PUCCH in NR Phase-I.
Proposal 6. Aperiodic CSI reporting on short PUCCH is supported only for the case of Y=0.

In RAN1 NR#3, the support of semi-persistent CSI reporting on PUSCH was agreed. SP-CSI on PUSCH will be activated/deactivated by DCI. One of the design detail to be decided further is which RNTI needs to be used for activation/deactivation DCI of the SP-CSI. In LTE, an RNTI different from C-RNTI was used for SPS PUSCH allocation (i.e. SPS-C-RNTI). The main reason was for decreasing misdetection probability via using separate RNTI and adding validation bits in DCI. It should be noted that the impact of misdetecting DCI of SPS PUSCH activation/release is quite significant (i.e. unexpected UL interference and missing CSI). Following the principle and technical background of LTE, we propose to use a separate RNTI with C-RNTI for SPS PUSCH for SP-CSI reporting. Assuming that NR also supports VoIP service and requires SPS PUSCH for this usage as well, we need to decide whether to use common RNTI for SPS PUSCH activation/deactivation for both VoIP service and SP-CSI reporting or use separate RNTI for each usage. Separating them could cause a shortage of RNTI. The use of common RNTI would require a DCI field to distinguish the usage. 
Proposal 7. For SP-CSI on PUSCH, use different RNTI with C-RNTI to provide higher reliability.
· FFS: whether to use common RNTI with other usage of SPS PUSCH (e.g. VoIP)

In RAN1#90 agreements, an FFS point was captured as ‘Concurrent use of PUCCH and PUSCH reporting in different slots’. This feature is useful especially to support SP-CSI more efficiently. For example, initial CSI reporting can be done on PUSCH to deliver CSI with high spatial granularity(e.g. type II PMI, CQI, RI). Then, subsequent CSI reporting can be done on PUCCH to deliver CSI updates (e.g. type I PMI, delta RI/CQI). For another example, PUCCH can be used if SPS PUSCH is unavailable at certain slots due to collision with other high priority channels (e.g. URLLC PUSCH). 
Proposal 8. For semi-persistent CSI reporting, support concurrent use of PUCCH and PUSCH reporting in different slots.

In addition, it should be noted that supportable CSI feedback can be different according to the number of PUCCH symbols as well as PUCCH type (i.e. short or long). Short PUCCH can span one or two symbols and long PUCCH can span from 4 symbols up to 12 symbols so that the supportable sets of CSI feedback contents should be defined per time/frequency resource size of PUCCH, i.e. the number of symbols and PRB size especially for long PUCCH. In this regard, conditions on number of PUCCH symbols and/or PRB size should be defined for type I subband CSI reporting on long PUCCH, i.e., PUCCH time duration>X and/or PUCCH PRB size>Y. For wideband CSI reporting on long PUCCH, these conditions may not be necessary. 
Proposal 9. For Type I subband CSI reporting on long PUCCH, supported conditions on the number of PUCCH symbols and/or PRB size should be defined.

Remaining issues on CSI timing

In RAN1 NR#2, it was agreed that aperiodic CSI reporting timing offset Y is indicated by the DCI field defined for K2 indication. The candidate set of values of Y is configured in RRC and restricted conditions for Y need to be defined according to configuration of CSI related settings. For URLLC application, at least one value from Y=0 and Y=1 needs to be supported. Considering UE implementation complexity, subband PMI reporting and wideband PMI reporting with more than 2[or 4] CSI-RS ports should not be allowed for Y=0 and Y=1. In addition, at least one value of Y=3 and Y=4 needs to be supported for normal CSI reporting, i.e. without any restriction. Data encoding and CSI calculation can be processed simultaneously by implementing parallel processing at the UE side so that the abovementioned conditions for the small values of Y seems not need to be separated for the two cases of CSI reporting on PUSCH; CSI only or UL data multiplexed with CSI. 
Proposal 10: Support following values to be configured in RRC for aperiodic CSI reporting offset Y:
· At least one value from {0,1}
· At least one value from {3,4}
Proposal 11: For aperiodic CSI reporting offset Y=0 and/or Y=1, following reporting configurations are not allowed.
· Subband PMI/CQI
· Wideband PMI with antenna ports larger than 2
Following current agreement, it is more natural to configure the candidate set of values of Y per reporting setting. In this case, all RRC configured values of Y can satisfy the pre-defined restricted conditions. One issue here is that how the DCI field can be interpreted by UE when a PUSCH is used for both UL data and CSI reporting. Assume that RRC configures N values for K2 as {k_1, …, k_N} and N values for Y for a reporting setting {y_1, …, y_N}. If UE is indicated to report aperiodic CSI together with UL data, there is an ambiguity to follow which set of values. One direction to address this issue is to make a rule to generate the DCI table from two sets of values when CSI and UL data are multiplexed (e.g. by overlapped values only). Another direction is to follow one set between the two configured sets. In this case, UE behavior may need to be further defined when the DCI indicated value does not belong to both sets. If UE interprets DCI table from RRC configured K2 values and if DCI indicated value does not belong to the set of values of Y, UE may not be able to have sufficient time for CSI computation so that UE behavior in this case needs to be specified (e.g. transmit dummy information or previously reported CSI). 
Proposal 12: For dynamic PUSCH timing indication when CSI and UL data are multiplexed, support one of the following options:
· Opt1. DCI table is generated from the two RRC configured sets of values, one set for K2 and the other set for Y, respectively. (e.g. overlapped values only)
· Opt2. DCI table is composed of the RRC configured set of values for K2
· Opt3. DCI table is composed of the RRC configured set of values for Y
Remaining details on codebook subset restriction (CBSR) 
In the last meeting, CBSR for Type I and II were agreed and the remaining FFS on Type I CSI is given as:
Type I SP, rank 3-4 codebooks for 16, 24, and 32 ports
· 

Use single bitfield, determine restricted  depending on restricted 
· FFS details


                           (2)














 and  in equation (2) represent 2D-DFT vectors used for rank 1,2,5,…8, and rank 3-4, respectively. As shown in this equation, the first half elements in can include when is even number. Also, figure 2 exhibits an example of the antenna pattern gains for 32-port (N1=16, N2=1) where solid line represents the samples for and dotted line indicates the samples of . It is observed that the beam width of is about half of that of , so that beams corresponding the odd numberwill located between two adjacent beams of. Thus, it is natural that is restricted whenis restricted through N1N2O1O2 bit-map. 


Proposal13. For Type I SP CSI reporting, is restricted whenis restricted through N1N2O1O2 bit-map.
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Figure 2. An example of antenna pattern gains for N1=16 and N1/2=8 with N2=1


Conclusion
This contribution further discussed remaining details for CSI encoding/reporting. Based on the above discussion, following proposals are given as: 
Proposal 1. For PUSCH-based transmission, dropping whole part 2 CSI should be avoided.
Proposal 2. In order to avoid payload ambiguity, the information of reported SB(s) or pattern should be included in part 1 CSI.
Proposal 3. All of SB CQIs should be reported via part 1 CSI, and SB CQI(s) corresponding dropped SB can be calculated based on the PMI from the nearest reported SB.
Proposal 4. For PUSCH-based transmission, omitted subbands are determined by  where Y and M represents the configured # of SBs to UE and the # of reported SB(s), respectively. 
Proposal 5. Do not support aperiodic CSI reporting on long PUCCH in NR Phase-I.
Proposal 6. Aperiodic CSI reporting on short PUCCH is supported only for the case of Y=0.
Proposal 7. For SP-CSI on PUSCH, use different RNTI with C-RNTI to provide higher reliability.
· FFS: whether to use common RNTI with other usage of SPS PUSCH (e.g. VoIP)
Proposal 8. For semi-persistent CSI reporting, support concurrent use of PUCCH and PUSCH reporting in different slots.
Proposal 9. For Type I subband CSI reporting on long PUCCH, supported conditions on the number of PUCCH symbols and/or PRB size should be defined.
Proposal 10: Support following values to be configured in RRC for aperiodic CSI reporting offset Y:
· At least one value from {0,1}
· At least one value from {3,4}
Proposal 11: For aperiodic CSI reporting offset Y=0 and/or Y=1, following reporting configurations are not allowed.
· Subband PMI/CQI
· Wideband PMI with antenna ports larger than 2
Proposal 12: For dynamic PUSCH timing indication when CSI and UL data are multiplexed, support one of the following options:
· Opt1. DCI table is generated from the two RRC configured sets of values, one set for K2 and the other set for Y, respectively. (e.g. overlapped values only)
· Opt2. DCI table is composed of the RRC configured set of values for K2
· Opt3. DCI table is composed of the RRC configured set of values for Y


Proposal 13. For Type I SP CSI reporting, is restricted whenis restricted through N1N2O1O2 bit-map.
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