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1. Introduction 

So far, a lot of progress was made on the CQI and MCS. However, there are still some remaining issues left.

In RAN1#90b: Agreement
For NR PUSCH MCS table (in case of DFT-s-OFDM), support two separate 5 bit tables for 64QAM and 256QAM and RAN1 will strive to reuse as many entries as possible

· The MCS table will include entries for PI/2 BPSK

· The 64QAM MCS table should be default unless the UE is configured to use 256QAM MCS table

· RRC signalling is used to choose between the two MCS tables
· Note: In the case a UE supports only up to 16QAM, the default table should be used
In RAN1#91, working assumption:
· For PUSCH with transform precoding, NR supports the following MCS table with up to 64-QAM

· This applies for eMBB

· FFS whether it is UE capability on supporting pi/2 BPSK or not and related reporting

Agreement 

· A periodic or semi-persistent CSI report, associated with a DL BWP, scheduled for reporting in slot n is reported only if the associated DL BWP was the active DL BWP in the time location of the CSI reference resource (slot [image: image2.png]Neorrer = M — Negr REF of fset



) for the CSI report
In this contribution, we provide vivo’s views on the reading modulation order, code rate, and transport block size determination based on UE capability or RRC signaling.  Another issue about CSI report reviews R1-1800187.

2. Discussion

2.1. Modulation order, target code rate, and transport block size determination

Two separate 5-bit tables with up to 64QAM and 256QAM have been agreed, not only that, pi/2 BPSK for PUSCH with transform pre-coding in MCS table was also supported in spec, and RRC signaling is used to choose between the two MCS tables. There are three fields in every MCS entry associating with MCS index: modulation order, target code rate x [1024] and spectral efficiency. When determinating TBsize, intermediate number of information bits (Ninfo)  QUOTE  is obtained by the formula
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.  From the spec wording, R is read “code rate*1024”, we suggest rewriting the formula:                                  
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 or 
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(Note: SE stands for spectral efficiency=
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 In addition, RAN1 is discussing UE feature list, some features below may be not mandatory to UE according to feedbacks from many companies. If this is the case, how to reading modulation order in MCS tables and calculating TBsize should be discussed in spec. e.g 

- DL modulation: 64QAM modulation for FR2
- pi/2-BPSK for PUSCH 

- 64QAM for PUSCH 

In Rel13-LTE, similar handling method has been allowed when a UE supporting only up to 16QAM. The excerpt is from 36.213: If the UE is not capable of supporting 64QAM in PUSCH or has been configured by higher layers to transmit only QPSK and 16QAM, [image: image7.wmf]'
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is first read from Table 8.6.1-1. The modulation order is set to [image: image8.wmf])

,

4

min(

'

m

m

Q

Q

=


Observation1: if the UE is not capable of supporting pi/2-BPSK in PUSCH or has been configured by higher layers to transmit not supporting pi/2-BPSK, [image: image9.wmf]'
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is first read from Table 6.1.4.1-1. The modulation order is set to
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Since Ninfo based on 
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is defined in NR, if rereading modulation order, the code rate “
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” should be also reread in order to ensure same spectral efficiency associating with MCS index if not changing the formula. Two alternatives are preferred.

· Alt1:  rereading Code rate:
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· Alt2:   non-rereading Code rate: 
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Observation2: Alt2 is much simpler, which bring no extra calculation.
Proposal 1:   Reading modulation order should also be based on UE capability for Pi/2 BPSK and 64QAM. 
--------------------------Start text proposal in section 5.1.3 of spec 38.214 ----------------------------------

-
Intermediate number of information bits (Ninfo)  QUOTE 𝑇𝐵𝑆𝑡𝑒𝑚𝑝)  is obtained by 
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, SE is  the spectral efficiency column in MCS table .
---------------------------End text proposal---------------------------------------------------------------------------
--------------------------Start text proposal in section 6.1.4.1 of spec 38.214----------------------------------
To determine the modulation order, target code rate, redundancy version and transport block size for the physical uplink shared channel, the UE shall first

-
read the 5-bit "modulation and coding scheme" field 
[image: image20.wmf](
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in the DCI to determine the modulation order 
(Qm) and target code rate (R) based on the procedure defined in Subclause 6.1.4.1

For the PUSCH is assigned by a DCI format 0_0/0_1 with CRC scrambled by C-RNTI,

If transform precoding is disabled and MCS-Table-PUSCH is not set to '256QAM', 

-
the UE shall use IMCS and Table 5.1.3.1-1 to determine the modulation order (Qm) and Target code rate (R) used in the physical  uplink shared channel.
-    if the UE is not capable of supporting 64QAM in PUSCH or has been configured by higher layers to transmit only QPSK and 16QAM, [image: image22.wmf]'
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elseif transform precoding is disabled and MCS-Table-PUSCH is set to '256QAM',

-
the UE shall use IMCS and Table 5.1.3.1-2 to determine the modulation order (Qm) and Target code rate (R) used in the physical uplink shared channel.

elseif transform precoding is enabled and MCS-Table-PUSCH-transform-precoding is not set to '256QAM',

-
the UE shall use IMCS and Table 6.1.4.1-1 to determine the modulation order (Qm) and Target code rate (R) used in the physical uplink shared channel.
-  if the UE is not capable of supporting 64QAM in PUSCH or has been configured by higher layers to transmit only QPSK and 16QAM, [image: image24.wmf]'
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-  if the UE is not capable of supporting pi/2-BPSK in PUSCH or has been configured by higher layers to transmit not supporting pi/2-BPSK, [image: image26.wmf]'
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else

-
the UE shall use IMCS and Table 5.1.3.1-2 to determine the modulation order (Qm) and Target code rate (R) used in the physical uplink shared channel.

end
---------------------------End text proposal----------------------------------

--------------------------Start text proposal in section 6.2.3.2 of spec 38.214----------------------------------
When transform precoding is enabled and if a UE is configured with the higher layer parameter UL-PTRS-present-transform-precoding, the PT-RS scaling factor 
[image: image28.wmf]b

 specified in Subclause 6.4.1.2.2.2 of [4, TS 38.211] is determined by the scheduled modulation order (Qm) as shown in table 6.2.3-4.

---------------------------End text proposal----------------------------------

2.2. Determination of the CSI reference resource slot
The description of time-domain behavior of the CSI reference resource for a serving cell is quoted as follows [2]:
================================================================================

-
In the time domain, for a UE configured with a single CSI resource set for the serving cell, the CSI reference resource is defined by a single downlink slot n-nCQI_ref,

-
where for periodic and semi-persistent CSI reporting nCQI_ref is the smallest value greater than or equal to [TBD], such that it corresponds to a valid downlink slot. 

-
where for aperiodic CSI reporting, if the UE is indicated by the DCI to report CSI in the same slot as the CSI request, nCQI_ref is such that the reference resource is in the same valid downlink slot as the corresponding CSI request, otherwise nCQI_ref is the smallest value greater than or equal to [TBD], such that slot n-nCQI_ref corresponds to a valid downlink slot. 

A slot in a serving cell shall be considered to be a valid downlink slot if:

-
it is configured as a downlink slot for that UE, and

-
it does not fall within a configured measurement gap for that UE. and

-
the active DL BWP in the slot is the same as the DL BWP for which the CSI reporting is performed.

If there is no valid downlink slot for the CSI reference resource in a serving cell, CSI reporting is omitted for the serving cell in uplink slot n.

================================================================================

First of all, as given in the agreement, the time location of the CSI reference resource is denoted as slot [image: image30.png]Neorrer = M — Negr REF of fset



. Therefore, the parameter “nCQI_ref” is wrongly captured in the above text and should be replaced by “nCQI_ref_offset”.
In our companion contribution [3], we propose that the [TBD] value T, which can be used to determine nCQI_ref_offset is related to the CSI calculation time Z of a certain CSI complexity as given in the agreements. Since multiple CSI complexity levels are defined for CSI report, T should be with multiple values as well. T can be given by [image: image33.png]


 
  to let the UE have sufficient CSI processing time, where Z is the minimum required number of symbols for the UE to complete the CSI calculation after receiving the aperiodic CSI-RS and [image: image35.png]N:
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 is the number of symbols per slot. The value of T can be calculated by UE itself or configured by the gNB. 
Proposal 2:

For CSI reference resource definition:

· For periodic and semi-persistent CSI reporting nCQI_ref_offset is the smallest value greater than or equal to T slots, where T is determined by the UE’s CSI computation time Z, such that it corresponds to a valid downlink slot 

· For aperiodic CSI reporting, if the UE is indicated by the DCI to report CSI in the same slot as the CSI request, nCQI_ref_offset is such that the reference resource is in the same valid downlink slot as the corresponding CSI request, otherwise nCQI_ref_offset is the smallest value greater than or equal to T slots, where T is determined by the UE’s CSI computation time Z, such that slot n-nCQI_ref_offset corresponds to a valid downlink slot
------------------------------Start Text Proposal---------------------------------

5.2.2.1.1
CSI reference resource definition

-
In the time domain, for a UE configured with a single CSI resource set for the serving cell, the CSI reference resource is defined by a single downlink slot n-nCQI_ref_offset
-
where for periodic and semi-persistent CSI reporting n-nCQI_ref_offset is the smallest value greater than or equal to [TBD], such that it corresponds to a valid downlink slot. 

-
where for aperiodic CSI reporting, if the UE is indicated by the DCI to report CSI in the same slot as the CSI request, n-nCQI_ref_offset is such that the reference resource is in the same valid downlink slot as the corresponding CSI request, otherwise n-nCQI_ref_offset is the smallest value greater than or equal to [TBD], such that slot n- n-nCQI_ref_offset corresponds to a valid downlink slot. 

------------------------------End Text Proposal---------------------------------
3. Conclusion

In this contribution, we discuss the remaining issues on CQI and MCS and give our text proposals.
Observation1: if the UE is not capable of supporting pi/2-BPSK in PUSCH or has been configured by higher layers to transmit not supporting pi/2-BPSK, [image: image36.wmf]'
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Observation2: the formula 
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 is much simpler, which bring no extra calculation.
Proposal 1:  Reading modulation order should also be based on UE capability for Pi/2 BPSK and 64QAM.
Proposal 2:

For CSI reference resource definition:

· For periodic and semi-persistent CSI reporting nCQI_ref_offset is the smallest value greater than or equal to T slots, where T is determined by the UE’s CSI computation time Z, such that it corresponds to a valid downlink slot 

· For aperiodic CSI reporting, if the UE is indicated by the DCI to report CSI in the same slot as the CSI request, nCQI_ref_offset is such that the reference resource is in the same valid downlink slot as the corresponding CSI request, otherwise nCQI_ref_offset is the smallest value greater than or equal to T slots, where T is determined by the UE’s CSI computation time Z, such that slot n-nCQI_ref_offset corresponds to a valid downlink slot
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