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Currently in the NR specifications, MCS0, MCS1, and MCS28 entries in the PUSCH with transform precoding use pi/2-BPSK or QPSK according to the following [1]:
· for MCS index 0, 1 and 28, =1 if UE has reported to support pi/2 BPSK modulation; and =2 in other cases.
Although the text “if UE has reported to support pi/2 BPSK modulation” may seem clear at a high level, whether UE has reported its capability or not is not the right terminology since UE capability enquiry may only happen at the time of non-access stratum (NAS) attach it is not always guaranteed that the reported UE capability is available at the serving gNB, e.g. during connection establishment.
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Two options for the text proposal resolving the wording issue were discussed online in RAN1-92bis:
Option 1 
-	for MCS index 0,1, and 28, q is configurable by higher layer parameter PUSCH-tp-Qmin depending on whether UE is capable of pi/2 BPSK modulation; if this has not been configured then q is assumed to be 2
Option 2:
· for MCS index 0, 1, and 28, q=1 if UE has reported to support supports pi/2 BPSK modulation; and q=2 in other cases
· Note: q=2 for PUSCH scheduled with DCI 0_0.
The objective is to resolve the ambiguity issue caused by the current wording without degrading coverage.
In Option 1, the value of q will never be ambiguous prior to RRC configuration. This enables the use of the lowest spectral efficiency (SE) MCS entries during initial access (e.g. Msg3 in contention-based RACH), among others cases, maintaining the coverage benefits of provided by these two entries. Its disadvantage is the introduction of a new RRC parameters. However, this parameter would be self-contained with minimal system impact and would also not affect implementation since pi/2 BPSK support is already switchable for those MCS entries.
Observation 1: Introducing an RRC parameter with a default value to specify the value of q (Option 1) resolves the ambiguity and does not restrict the use of the lowest spectral efficiency entries in the MCS table.
Observation 2: Introducing an RRC parameter with a default value to specify the value of q (Option 1) has minimal impact on the system and implementation.
Option 2 also resolves the ambiguity. The restriction of q=2 for PUSCH scheduled with DCI 0_0 was added to enable the use the lowest SE MCS entries before UE support for pi/2 BPSK is known. However, this does not fully cover initial access since the initial transmission of Msg3 in the contention-based RACH procedure is not scheduled by DCI, but by the PDSCH of Msg2. Retransmissions of Msg3 after the initial transmission are scheduled by DCI 0_0. Therefore, Option 2 must be modified to explicitly include the initial transmission of Msg3 in order to not reduce coverage during initial access.
Observation 3: DCI 0_0-scheduled PUSCH exclusion of pi/2 BPSK (Option 2) does not cover the initial transmission of Msg3 and will reduce coverage during initial access.
Pi/2 BPSK enables good coverage while reducing PAPR. Therefore, there are cases where it is desirable to use pi/2 BPSK for PUSCH transmissions scheduled by DCI 0_0. Therefore, the exclusion of pi/2 BPSK from all transmissions scheduled by DCI 0_0 could be too restrictive. On the other hand, targeting every case where the restriction should be applied would lead to a number of complicated RNTI-based rules.
Observation 4: Excluding pi/2 BPSK from all transmissions scheduled by DCI 0_0 introduces significant restrictions to the system.
Based on the above discussion, we propose that the Option 1 be adopted.
Proposal 1: Apply the following update to the text in 38.214 subclause 6.1.4.1 (Note this includes the introduction of higher layer parameter for q):
----Begin text proposal for 38.214----
[bookmark: _Toc501048217]6.1.4.1	Modulation order and target code rate determination
…
-	for MCS index 0 and 1, q is configurable by higher layer parameter PUSCH-tp-Qmin depending on whether UE is capable of pi/2 BPSK modulation; if this has not been configured then q is assumed to be 2
----End text proposal for 38.214----

Conclusion
Observation 1: Introducing an RRC parameter with a default value to specify the value of q (Option 1) resolves the ambiguity and does not restrict the use of the lowest spectral efficiency entries in the MCS table.
Observation 2: Introducing an RRC parameter with a default value to specify the value of q (Option 1) has minimal impact on the system and implementation.
Observation 3: DCI 0_0-scheduled PUSCH exclusion of pi/2 BPSK (Option 2) does not cover the initial transmission of Msg3 and will reduce coverage during initial access.
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