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In this contribution, modulation order used for Msg3 in RRC_CONNECTED is discussed, especially when higher layer parameter tp-pi2BPSK is configured.
Discussion 
Msg3 can be regarded as a PUSCH scheduled by RAR UL grant, and how to determine the MCS table and the modulation order for Msg3 transmission is specified in TS 38.214 Clause 6.1.4.1. If transform precoding is enabled, MCS Table 6.1.4.1-1 is used for the Msg3 PUSCH transmission, which is marked in yellow.
	3GPP TS 38.214 v15.16.0
6.1.4.1	Modulation order and target code rate determination
For a PUSCH scheduled by RAR UL grant or 
for a PUSCH scheduled by a DCI format 0_0 with CRC scrambled by C-RNTI, MCS-C-RNTI, TC-RNTI, CS-RNTI, or 
for a PUSCH scheduled by a DCI format 0_1 with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI, SP-CSI-RNTI, or 
for a PUSCH with configured grant using CS-RNTI, and
if transform precoding is disabled for this PUSCH transmission according to clause 6.1.3
<omitted>
else
<omitted>
-	else
-	the UE shall use IMCS and Table 6.1.4.1-1to determine the modulation order (Qm) and Target code rate (R) used in the physical uplink shared channel.
end


For Table 6.1.4.1-1, when IMCS = 0 or 1, the modulation order is determined based on q. If higher layer parameter tp-pi2BPSK is configured, q = 1 otherwise q=2.
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6.1.4.1	Modulation order and target code rate determination
<omitted>
For Table 6.1.4.1-1 and Table 6.1.4.1-2, if higher layer parameter tp-pi2BPSK is configured, q = 1 otherwise q=2.
Table 6.1.4.1-1: MCS index table for PUSCH with transform precoding and 64QAM
	MCS Index
IMCS
	Modulation Order
 Qm
	Target code Rate R x 1024

	Spectral
efficiency

	0
	q
	240/ q
	0.2344

	1
	q
	314/ q
	0.3066

	2
	2
	193
	0.3770

	3
	2
	251
	0.4902

	4
	2
	308
	0.6016

	5
	2
	379
	0.7402

	6
	2
	449
	0.8770

	7
	2
	526
	1.0273

	8
	2
	602
	1.1758

	9
	2
	679
	1.3262

	10
	4 
	340
	1.3281

	11
	4
	378
	1.4766

	12
	4
	434
	1.6953

	13
	4
	490
	1.9141

	14
	4
	553
	2.1602

	15
	4
	616
	2.4063

	16
	4
	658
	2.5703

	17
	6
	466
	2.7305

	18
	6 
	517
	3.0293

	19
	6
	567
	3.3223

	20
	6
	616
	3.6094

	21
	6
	666
	3.9023

	22
	6
	719
	4.2129

	23
	6
	772
	4.5234

	24
	6
	822
	4.8164

	25
	6
	873
	5.1152

	26
	6
	910
	5.3320

	27
	6
	948
	5.5547

	28
	q
	reserved

	29
	2
	reserved

	30
	4
	reserved

	31
	6
	reserved



<omitted>



[bookmark: _Hlk162886681]The higher layer parameter tp-pi2BPSK is configured in a UE specific IE PUSCH-Config. When a UE performs random access procedure for initial access from RRC_IDLE, there is no ambiguity that q=2 is used for Msg3 PUSCH, since tp-pi2BPSK has not been configured. However, when a UE triggers a random process during RRC_CONNECTED due to, e.g., no PUCCH resources for SR available, and at this time the UE that has been configured with tp-pi2BPSK, what exact modulation order used for Msg3 is not clear in the spec. 
Two understandings may have here:
· Understanding 1: Since UE is still in RRC_CONNECTED and the UE specific tp-pi2BPSK is already configured, thus q=1.
· Understanding 2: Since UE is triggering a RACH procedure and to keep a consistent behaviour with UE performing random access from RRC_IDLE, thus q=2.
Understanding 1 might be a common understanding for many other IEs, which UE keeps the configurations to guarantee continuity and consistency of service.
However, for the modulation order of Msg3, gNB cannot know which UE is performing random access before contention is resolved, and neither know the UE performing random access whether is configured with tp-pi2BPSK or not. If the modulation order of the Msg3 PUSCH is determined by using dedicate configuration, i.e., tp-pi2BPSK, it cannot be ensured the alignment of the modulation order between the gNB and the UE, which may lead to demodulation failure. Therefore, understanding 2 is more appropriate.
To fix the missing part in the spec, the rule similar to MsgA can be considered. For MsgA, TS 38.214 clearly describes that q=2 should be used for determining the modulation order, which is marked in green.
	3GPP TS 38.214 v16.15.0
6.1.4.1	Modulation order and target code rate determination
For a PUSCH scheduled by RAR UL grant or 
for a PUSCH scheduled by a fallbackRAR UL grant or
for a MsgA PUSCH transmission, or
for a PUSCH scheduled by a DCI format 0_0 with CRC scrambled by C-RNTI, MCS-C-RNTI, TC-RNTI, CS-RNTI, or 
[bookmark: _Hlk29479539]for a PUSCH scheduled by a DCI format 0_1 or DCI format 0_2 with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI, SP-CSI-RNTI, or 
for a PUSCH with configured grant using CS-RNTI, and
if transform precoding is disabled for this PUSCH transmission according to Clause 6.1.3
<omitted>
else
<omitted>
-	elseif for a MsgA PUSCH transmission,
-	the UE shall use higher layer parameter MsgA-MCS for IMCS and Table 6.1.4.1-1 to determine the Target code rate (R) used in the physical uplink shared channel.
-	the UE shall use q=2 for determining modulation order Qm in Table 6.1.4.1-1.
-	else
-	the UE shall use IMCS and Table 6.1.4.1-1to determine the modulation order (Qm) and Target code rate (R) used in the physical uplink shared channel.
end



For Msg3, regardless of whether UE is at RRC_CONNECTED or RRC_IDLE, configured with tp-pi2BPSK or not, UE always uses q=2 to determine modulation order in MCS Table 6.1.4.1-1, which can ensure that UE and gNB are aligned with the modulation order. 
Proposal 1: For Msg3, if transform precoding is enabled and IMCS is determined as 0 or 1 in MCS Table 6.1.4.1-1, q=2.
Proposal 2: The TP in Appendix is adopted in TS 38.213.

Conclusion
According to the above discussions, we have the following proposal:
Proposal 1: For Msg3, if transform precoding is enabled and IMCS is determined as 0 or 1 in MCS Table 6.1.4.1-1, q=2.
Proposal 2: The TP in Appendix is adopted in TS 38.213.
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Appendix
The following TP could be considered to capture the above proposal.
	3GPP TS 38.214 v15.16.0
6.1.4.1	Modulation order and target code rate determination
For a PUSCH scheduled by RAR UL grant or 
for a PUSCH scheduled by a DCI format 0_0 with CRC scrambled by C-RNTI, MCS-C-RNTI, TC-RNTI, CS-RNTI, or 
for a PUSCH scheduled by a DCI format 0_1 with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI, SP-CSI-RNTI, or 
for a PUSCH with configured grant using CS-RNTI, and
if transform precoding is disabled for this PUSCH transmission according to clause 6.1.3
<omitted>
-	else
-	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.
else
<omitted>
-	else
-	the UE shall use IMCS and Table 6.1.4.1-1to determine the modulation order (Qm) and Target code rate (R) used in the physical uplink shared channel. For a Msg3 PUSCH transmission, the UE shall use q=2 for determining modulation order Qm in Table 6.1.4.1-1.
end



