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1. Introduction
[bookmark: _GoBack]In this contribution, we address some correction on modulation order determination and polar codes. In modulation order determination, we propose clearer description for the UEs which cannot support 64AQM according to UE feature. In polar codes, there are some parameters that the code construction cannot be defined, and we propose some possible solutions to resolve them.
2. Modulation Order Determination
According to NR UE feature list, 64QAM and 256QAM are optional and depend on UE capability [1]. If UE cannot support 256QAM, the modulation order is determined based on the MCS tables which highest modulation is 64QAM in section 6.1.4.1 TS 38.214 [2]. However, there is no proper description how to determine the modulation order if the UE is not capable of supporting 64QAM.
Observation 1: The suitable description should be added to determine the modulation order if the UE is not capable of supporting 64QAM.
It would be preferable for UE cannot support 64QAM to be able to select all code rate define the MCS table for more flexibility and efficiency. Given that, it can be suitable way that modulation order is determined by min(4, Qm) where code rate and Qm is determined by using IMCS and MCS table for 64QAM, as in LTE.
For more clarification for modulation order determination, the following TP is proposed.
Text Proposal 1: The text in {38.214：6.1.4.1 Modulation order and target code rate determination}
................................................................... Start of text proposal...................................................................
6.4.4.1 	Modulation order and target code rate determination
For the PUSCH assigned by a DCI format 0_0/0_1 with CRC scrambled by C-RNTI, TC-RNTI, or CS-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 downlink shared channel.
-	if the UE is not capable of supporting 64QAM in PUSCH, the modulation order is set to Qm = min(4, Qm).
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 downlink 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.
-	for MCS index 0 and 1, q=1 if UE has reported to support pi/2 BPSK modulation; and q=2 in other cases
-	if the UE is not capable of supporting 64QAM in PUSCH, the modulation order is set to Qm = min(4, Qm).
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 downlink shared channel.
end
…
................................................................... End of text proposal...................................................................


3. Remaining Issues on Polar Codes 
	Referring to the notations used in [3], the following notations are also used for polar codes in this section.
- : number of information bits excluding CRC parity bits
- : number of information bits including CRC parity bits 
- : rate-matching output size
- : number of CRC parity bits
- : number of PC-frozen bits in PC-CA polar code construction

3.1 Uplink PC-CA Polar Code Construction
In [3], the following agreement on the PC-CA polar code construction for short UCI is captured.
	
Agreement: 
· All companies work together to design for the DL a Single CRC polynomial + Interleaver scheme to deliver early termination benefits while achieving the FAR (in presence of AWGN, and in presence of random QPSK, and undetected errors in intended user’s codeword), and BLER targets with acceptable complexity and latency. 
· Working assumption that the CRC length is 19 bits, to be finalised as part of the design, taking into account the number of blind decodes or hypotheses to be tested. 
· Longer CRCs will be considered if required to meet the FAR target
· For DL for K+nFAR>=12, and for UL where K+nFAR>22, J+J’ = nFAR + 3
· For UL, where 12<=K+nFAR<=22, J+J’ = nFAR + 6, comprising 3 parity bits and nFAR + 3 additional CRC bits
Note: K is the number of payload information bits without CRC or parity bits
Note: nFAR may be zero in some circumstances. 
Note: UE specific scrambling is not precluded and will be considered separately. 




Following the agreement and subsequent discussion, parity-check-and-CRC-aided (PC-CA) polar codes with six CRC parity bits and three PC-frozen bits are used for  The number of PC-frozen bits is fixed to three for all cases when PC-CA polar codes are used. 
There are some parameters that the code construction of PC-CA polar codes is not defined. Consider the case of . Since PC-frozen bits are treated as frozen bits at the decoder, the code rate of polar decoder is given by . The encoding and decoding should be defined for all code rates lower than 1.0, so that the code construction is available for all cases of . However, there is not enough room for PC-frozen bits if , even though . For example, consider  and . The encoding input is  bits and rate-matching output is  bits, so reliable communication is possible for this case. However, since there is no room for three PC-frozen bits, encoding of PC-CA polar codes is impossible in this case. Thus, UE and gNB should avoid the cases of and always assume that.
Observation 2: In uplink PC-CA polar code construction (), the encoding and decoding are not defined if . There is not enough room for 3 PC-frozen bits, which is fixed for all cases.
Proposal 2: UE and gNB assume that .

3.2 Uplink CA-Polar Code Construction with Segmentation
In [3], the following agreement on the polar code segmentation for large UCI is captured.
	
Agreement:
Segmentation is applied when K >= 360 and M >= 1088 where
· K is UCI payload size without CRC
· M is the total number of coded bits for the UCI payload




It was agreed in RAN1 #91 meeting that segmentation into two segments is performed when  and  for uplink CA-polar codes, and it is well captured in [3]. However, this condition is not enough to define polar code constructions. Consider the code construction for the case of  and . This can happen since we have only one constrain that  in [3]. In this case, segmentation is not performed, and a single code block of length 1024 is used. Since the number of encoding input bits is larger than 1024, the split channel allocation in the polar code construction is not defined. In order to resolve this problem, we can simply add one condition “” for segmentation. 
Observation 3: In uplink CA-polar code construction (), the encoding and decoding are not defined if  and . No segmentation is performed, and a single polar code of length 1024 is used for encoding. However, the number of encoding input bits is larger than 1024, split channel allocation in the polar code construction cannot be done. 
Proposal 3: Segmentation is applied for uplink CA-polar code construction when  or .


4. Summary 

Observation 1: The suitable description should be added to determine the modulation order for UEs which cannot support 64QAM.
Text Proposal 1: The text in {38.214：6.1.4.1 Modulation order and target code rate determination}
................................................................... Start of text proposal...................................................................
6.4.4.1 	Modulation order and target code rate determination
For the PUSCH assigned by a DCI format 0_0/0_1 with CRC scrambled by C-RNTI, TC-RNTI, or CS-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 downlink shared channel.
-	if the UE is not capable of supporting 64QAM in PUSCH, the modulation order is set to Qm = min(4, Qm).
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 downlink 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.
-	for MCS index 0 and 1, q=1 if UE has reported to support pi/2 BPSK modulation; and q=2 in other cases
-	if the UE is not capable of supporting 64QAM in PUSCH, the modulation order is set to Qm = min(4, Qm).
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 downlink shared channel.
end
…
................................................................... End of text proposal...................................................................

Observation 2: In uplink PC-CA polar code construction (), the encoding and decoding are not defined if , where  is the rate-matching output size and  is the polar encoding input size including 6 CRC parity bits for r-th code block. There is not enough room for 3 PC-frozen bits, which is fixed for all cases.
Proposal 2: UE and gNB assume that .
Observation 3: In uplink CA-polar code construction (), the encoding and decoding are not defined if  and . No segmentation is performed, and a single polar code of length 1024 is used for encoding. However, the number of encoding input bits is larger than 1024, split channel allocation in the polar code construction cannot be done. 
Proposal 3: Segmentation is applied for uplink CA-polar code construction when  or .
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