[image: image4.wmf]UCI

l

F

3GPP TSG RAN WG1 Meeting #105-e 
R1- 2105391
e-Meeting, May 10th – 27th, 2021
Agenda Item: 7.1
Source: MediaTek Inc.

Title: 
Clarification on PUSCH with UCI Only and DMRS Multiplexing
Document for: Discussion
1 Introduction
In AH #1801 meeting, the following agreement regarding the multiplexing of PUSCH and DMRS when UCI is piggybacked on PUSCH was made. It indicates that UCI is not FDMed with DMRS no matter when UL-SCH is present on PUSCH or not. However, there is ambiguity on whether PUSCH with UCI only can be FDMed with DMRS or not. If it is possible, then it is not clear in TS 38.212 about what data to be transmitted on non-DMRS RE(s) in the DMRS symbol(s). In this contribution, we discussion some of ambiguity.
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2 Discussion
Regardless of whether UL-SCH is present on PUSCH or not, the following specification text in TS 38.212 implies that UCI is not FDMed with DMRS when it is piggybacked on PUSCH. 
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For DCI format 0_1, the UE can further determine whether other data, i.e., non-UCI part, in PUSCH is FDMed with DMRS or not based on the received ‘dmrs-Type’ in higher layer signalling and ‘Antenna ports’ in DCI. E.g.,

· Data is NOT FDMed with DMRS in the following settings

· When ‘dmrs-Type’ indicates DMRS type 1, number of CDM group(s) without data is 2

· When ‘dmrs-Type’ indicates DMRS type 2, number of CDM group(s) without data is 3 
· Data is FDMed with DRMS in the following settings

· When ‘dmrs-Type’ indicates DMRS type 1, number of CDM group(s) without data is 1

· When ‘dmrs-Type’ indicates DMRS type 2, number of CDM group(s) without data is 1 or 2 

When UL-SCH is NOT present on PUSCH, i.e., ‘UL-SCH indicator’ in DCI format 0_1 is 0, there is ambiguity on what to be transmitted on non-DMRS RE(s) in the DMRS symbol(s) if the network indicates data is FDMed with DMRS. Two possible interpretations on UE behaviour are as follows.
· Interpretation #1: UE does not transmit anything on non-DMRS RE(s) in the DMRS symbol(s) – see Figure 1(a)

· Interpretation #2: UE generates and transmits dummy bits on non-DMRS RE(s) in the DMRS symbol(s) – see Figure 1(b)
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Figure 1. Two possible UE behaviours if PUSCH with UCI only is allowed to be FDMed with DMRS

In our understanding, Interpretation #1 is more aligned with the spirit of the agreement in AH #1801. And when non-DMRS RE(s) in the DMRS symbol(s) is empty, the power of DMRS RE(s) can be boosted to achieve better performance. Additionally, how to generate the dummy bit(s) as depicted in Interpretation #2 is undefined in current specification.

Observation 1: When ‘UL-SCH indicator’ is 0 in DCI format 0_1, the benefit and intention for network to schedule a PUSCH FDMed with DMRS is unclear. In addition, it also leads to the ambiguity on UE behaviour, e.g., what to be transmitted on the non-DMRS RE(s) in the DMRS symbol(s).
To avoid the ambiguity on UE behaviour and meaningless network configurations, we propose:
Proposal 1: RAN1 to clarify that UE is not expected to be scheduled a PUSCH FDMed with DMRS if ‘UL-SCH indicator’ in DCI format 0_1 is 0.
3 Conclusion

Based on the discussion in Section 2, we have the following observation and proposal.

Observation 1: When ‘UL-SCH indicator’ is 0 in DCI format 0_1, the benefit and intention for network to schedule a PUSCH FDMed with DMRS is unclear. In addition, it also leads to the ambiguity on UE behaviour, e.g., what to be transmitted on the non-DMRS RE(s) in the DMRS symbol(s).
Proposal 1: RAN1 to clarify that UE is not expected to be scheduled a PUSCH FDMed with DMRS if ‘UL-SCH indicator’ in DCI format 0_1 is 0.
Agreements:


It is clarified that based on previous agreements, when UCI is piggybacked on PUSCH, UCI is not FDMed with DMRS


This applies to the case regardless of whether UL-SCH is present on PUSCH or not








6.2.7	Data and control multiplexing


(Irrelevant part is omitted)


Denote � EMBED Equation.DSMT4 ��� as the set of resource elements, in ascending order of indices � EMBED Equation.3 ���, available for transmission of UCI in OFDM symbol � EMBED Equation.3 ���, for � EMBED Equation.3 ���. Denote � EMBED Equation.DSMT4 ��� as the number of elements in set � EMBED Equation.DSMT4 ���. Denote � EMBED Equation.DSMT4 ��� as the � EMBED Equation.3 ���-th element in � EMBED Equation.DSMT4 ���. For any OFDM symbol that carriers DMRS of the PUSCH, � EMBED Equation.DSMT4 ���. For any OFDM symbol that does not carry DMRS of the PUSCH, � EMBED Equation.DSMT4 ���.
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