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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#99, the issue of DMRS determination for segmented PUSCH was raised by companies but not discussed [1].  This contribution discusses this issue.
2. Discussions 
When a nominal PUSCH is segmented due to crossing invalid symbols or a slot boundary, the DMRS locations in the resultant actual PUSCH repetitions are not defined.  Two options were presented in RAN1#99 [1]:
· Option 1: DMRS positions determined per actual repetition based on DMRS configuration.
· Option 2: DMRS at the beginning of each actual PUSCH repetition.
Since Rel-16 PUSCH repetition is only supported in PUSCH mapping type B, then the actual PUSCH repetitions resulting from segmentation should also be of PUSCH mapping type B.  Therefore, at least front loaded DMRS should be supported since PUSCH mapping type B uses front loaded DMRS.
Observation 1: Since only PUSCH mapping type B is supported for Rel-16 PUSCH repetition, each actual PUSCH repetition sould contain a DMRS at the beginning of its transmission.

In Option 1, the DMRS configuration is applied to each actual PUSCH repetition, and so if additional DMRS are configured for the PUSCH, each actual PUSCH repetition would contain multiple DMRS.  For example in Figure 1, a PUSCH is scheduled with nominal repetition K=3 and duration L=8.  It is configured with additional DMRS with position “pos2”, i.e. 2 DMRS.  The PUSCH transmissions start at time t1 resulting in the 2nd nominal PUSCH crossing the slot boundary thereby causing it to be segmented into a 2nd actual PUSCH and a 3rd actual PUSCH, i.e. resulting in a total of 4 actual PUSCH repetitions.  Since the 2nd actual PUSCH duration is less than 4 symbols, it contains only 1 front loaded DMRS.  The 3rd actual PUSCH consists of 5 symbols and, following the configuration as defined for “pos2”, has 2 DMRS.  The 2nd nominal PUSCH has 6 symbols for data but due to the segmentation, the combined number of symbols for data across the 2nd and 3rd actual PUSCHs is less (5 symbols).  Hence, Option 1 will lead to less OFDM symbols for PUSCH data.

[image: ]
[bookmark: _Ref32248854]Figure 1: DMRS configuration applied to each actual PUSCH for K=3, L=8
Observation 2: Option 1 where DMRS configuration is applied to each actual PUSCH can lead to less OFDM symbols for data.

Double-symbol DMRS can be configured for PUSCH mapping type B for L ≥ 5 symbols.  It is noted in [2] that PUSCH segmentation may result in an actual PUSCH that has a duration less than 5 symbols and so Option 1 is not feasible since the DMRS configuration is not applicable for the actual PUSCH.  An example is shown in Figure 2, where a PUSCH with a double-symbol DMRS configuration, is scheduled with L=8 and K=3 is transmitted at time t1.  The 2nd nominal PUSCH crosses the slot boundary and thereby is segmented into a 2nd actual PUSCH and a 3rd actual PUSCH.  Using Option 1, the double-DMRS configuration is applied to both actual PUSCHs which would be invalid for the 2nd actual PUSCH that has a duration of only 3 OFDM symbols.
Observation 3: Option 1 is not applicable for double-symbol DMRS configuration when an actual PUSCH duration as a result of segmentation is less than 5 symbols.
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[bookmark: _Ref32251088]Figure 2: Double-symbol DMRS not applicable to a segmented PUSCH with duration < 5 symbols

For URLLC, the PUSCH duration is expected to be short and segmentation will lead to shorter actual PUSCH durations where the use of additional DMRS is not beneficial.  Hence we have a preference for a simple scheme, which is applicable to single and double DMRS configurations, i.e. each actual repetition of a segmented PUSCH contains only front loaded single DMRS (i.e. option 2).
[bookmark: _GoBack]Proposal 1: When a PUSCH is segmented, a single DMRS is transmitted at the beginning of each actual PUSCH.

3. Conclusion
In this contribution, we discuss DMRS location for a segmented PUSCH.  We observe the following: 
Observation 1: Since only PUSCH mapping type B is supported for Rel-16 PUSCH repetition, each actual PUSCH repetition sould contain a DMRS at the beginning of its transmission.
Observation 2: Option 1 where DMRS configuration is applied to each actual PUSCH can lead to less OFDM symbols for data.
Observation 3: Option 1 is not applicable for double-symbol DMRS configuration when an actual PUSCH duration as a result of segmentation is less than 5 symbols.

We therefore propose the following:
Proposal 1: When a PUSCH is segmented, a single DMRS is transmitted at the beginning of each actual PUSCH.
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