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1. Introduction
The following agreement was made in the RAN1 #95 meeting [1] on PUSCH transmission based on the outcome of LBT at the UE.

Agreement:
•	Adopt the following text proposal for the TR:
------------------------------------------ Start of Text Proposal ----------------------------------------------
It has been identified to be beneficial for the NR-U design to not require the UE to change a granted TBS for a PUSCH transmission depending on the LBT outcome.
The following options have been identified as possible candidate at least for the first PUSCH(s) transmitted in the UL transmission burst.
-	Option 1: PUSCH(s) as in Rel-15 NR
[bookmark: _Hlk534971404]-	Option 2: Multiple starting positions in one or multiple slot(s) are allowed for PUSCH(s) scheduled by a single UL grant (i.e., not a configured grant) and one of the multiple PUSCH starting positions can be decided depending on LBT outcome. 
It is noted that for above options, the ending position of the PUSCH is fixed as indicated by the UL grant.
It is noted that above options are not mutually exclusive.
-------------------------------------------- End of Text Proposal ---------------------------------------------
•	FFS: TBS determination for the transmission and how to capture the options in the TP.
•	FFS for signalling details, specification impact, implementation complexity

In the following sections, we discuss the issues to be addressed in providing multiple start positions for PUSCH transmission.

2. Discussion
According to ‘Option 1’ captured in the agreement, a UE will transmit the PUSCH according to the grant only if its LBT outcome is successful at the beginning of the scheduled PUSCH. On the other hand, ‘Option 2’ captured in the agreement allows a UE to begin the PUSCH transmission at a flexible starting position following a successful LBT, i.e., the UE selects the starting position of the PUSCH transmission based on the LBT outcome as shown in Figure 1. In this case, the UE selects PUSCH with the starting location of the PUSCH transmission as UE-selected. Because of the flexibility, the UE has better likelihood of accessing the channel to transmit the PUSCH. Therefore, Option 2 provides better resource utilization and is a good candidate for NR-U. 

[image: ]
[bookmark: _Ref534895792]Figure 1 Multiple start positions for PUSCH (A) UE transmits PUSCH starting from symbol #0 (B) UE transmits PUSCH starting from symbol #3.

Proposal 1: Support Option-2 multiple starting positions in one or multiple slot(s) for PUSCH in NR-U.

In order to support Option 2, the following are essential for the design.
· The gNB needs to detect the selected starting position of PUSCH with minimal impact to hardware complexity and latency.
· The DMRS resources for the UE-selected PUSCH transmission should provide sufficient quality for channel estimation.

2.1 Candidate Starting Positions for PUSCH
It is desirable to provide the UE with as many starting positions for PUSCH as possible, but this comes at the cost of increased complexity at the gNB especially if the gNB has to blindly detect the PUSCH for multiple candidate starting positions. So, we may consider providing the UE a set of candidates starting positions for the PUSCH to reduce the burden of detecting the starting positions at the gNB. For example, the candidate start positions may not be every symbol in the PUSCH. 

Proposal 2: The network provides the UE with a set of candidate starting positions for PUSCH.

At the gNB side, an indication of the starting position of a PUSCH may also helpful for reducing the overhead on gNB. For example, an indication like a preamble may be used to identify the starting position of the UE-selected PUSCH. The gNB may infer the starting position of a PUSCH once it detects its preamble. 
Another example of the indication may be the DMRS of PUSCH, where the DMRS sequence in the PUSCH may itself serves as a preamble. However, the existing configurations for DMRS do not provide a one-to-one mapping between the PUSCH duration and DMRS locations. For example, as shown in Figure 1, PUSCH transmission starts on symbol #0 or symbol #3. In the latter case, the symbols prior to symbol #3 are punctured. But the DMRS sequence is the same in both cases. Therefore, the starting location of the UE-selected PUSCH cannot be inferred from the current design of DMRS. Therefore, a mapping between the DMRS configuration (for example, through sequence initialization) and the starting location of the PUSCH may be considered.

2.2 DMRS configuration
If a gNB provides a UE with configurations for both multiple start positions and the corresponding DMRS configurations for a PUSCH, the gNB can ensure appropriate DMRS resources for the starting positions to avoid the degradation of channel estimation quality for a UE-selected PUSCH transmission.  With this approach, it may increase the complexity at a UE if the UE has to generate and buffer differently structured PUSCHes for multiple start positions.
To reduce the complexity at a UE, the UE may puncture a PUSCH resources until it gets channel access. Depending on the available starting position for the PUSCH transmission, multiple symbols of the PUSCH, including the DMRS REs may be punctured, which may cause channel estimation quality to significantly degrade, as illustrated in Figure 2 and Figure 3 for PUSCH mapping type A and type B, respectively. 
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[bookmark: _Ref534902940]Figure 2 Scheduled PUSCH mapping type A with first DMRS punctured

[image: ]
[bookmark: _Ref534902951]Figure 3 Scheduled PUSCH mapping type B with the only DMRS punctured 

In some scenarios, puncturing DMRS symbol(s) may severely affects PUSCH decoding due to the resulting poor channel estimation quality with fewer or no DMRS symbols in the transmitted PUSCH. 

Observation 1: Puncturing the DMRS symbols may severely degrade the channel estimation quality and thus affect PUSCH decoding.

Therefore, proper DMRS configuration may be used based on the UE-selected PUSCH start position. For example, in the previous PUSCH mapping type B as shown in Figure 3, it is beneficial to channel estimation performance if the scheduled DMRS is adjusted to the UE selected start position as shown in Figure 4. 
[image: ]
[bookmark: _Ref534903003]Figure 4 Moving the DMRS symbol to the new PUSCH start position

Proposal 3: The UE adapts the DMRS symbol(s) based on the UE-selected PUSCH starting position.



3. Conclusion
In this contribution, we have the following observation and proposals
Proposal 1: Support Option-2 multiple starting positions in one or multiple slot(s) for PUSCH in NR-U.
Proposal 2: The network provides the UE with a set of candidate starting positions for PUSCH.
Observation 1: Puncturing the DMRS symbols may severely degrade the channel estimation quality and thus affect PUSCH decoding.
Proposal 3: The UE adapts the DMRS symbol(s) based on the UE-selected PUSCH starting position.
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