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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN#83, we approved a WI on eURLLC [1].  One of the objectives of this WI is:
· Specification of PUSCH enhancements for both grant-based PUSCH and configured grant based PUSCH [RAN1]
· For a transport block, one dynamic UL grant or one configured grant schedules two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots

This contribution discusses the options considered during the SI [2].  
2. Discussions
The options considered for PUSCH repetitions that can cross slot boundaries, during the SI [2] are:
· Option 1: Mini-slot repetition: One UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots
· Option 2: Multi-segment transmission: One UL grant scheduling two or more PUSCH repetitions in consecutive available slots, with one repetition in each slot with possibly different starting symbols and/or durations  
· Option 4: A combination of Option 1 & Option 2 where mini-slot repetition is used for PUSCH repetitions within a slot and multi-segment transmission is used for any PUSCH repetition that crosses slot boundary.
· Option 5: A combination of Option 1 & Option 2 where mini-slot repetition is used only if all the PUSCH repetitions are within the slot, otherwise multi-segment transmission is used.
· Option 6: Use an extended TDRA table that consists of all the allowed arrangement of PUSCH repetitions, i.e. the number of repetitions, starting symbol of each repetition, length of each repetition & mapping of the repetitions to the slot.  The UL grant indicates dynamically which PUSCH repetition arrangement to use with the extended TDRA field.
A main benefit of Option 1 is that each PUSCH repetition can use a different precoding thereby benefiting from space diversity, e.g. in a multi-TRP deployment.  However, Option 1 suffers from the orphan symbol issue when a PUSCH crosses the slot boundary and high DMRS overhead.
Option 2 avoids orphan symbols since the segments can be different durations.  The number of segments is expected to be smaller than the number of repetitions in Option 1 and so Option 2 is expected to have lower DMRS overhead.  However, there is less opportunity for Option 2 to benefit from spatial diversity gain in the case of multi-TRP transmissions.
RAN1 could not conclude whether Option 1 or Option 2 is used and hence combinations of Option 1 and Option 2 are proposed, namely Option 4, Option 5 and Option 6.  Hence instead of re-iterating the discussions between Option 1 & Option 2 again, it is more efficient use of the time to discuss a combined solution.
Proposal 1: Consider a combined (Option 1 & Option 2) solution.

In Option 6 the PUSCH transmission is restricted to only those transmissions in an extended TDRA table, where each entry in the table will indicate the number of repetitions, starting symbols of each repetition, length of each repetition, and mapping of the repetitions to slots and these parameters are RRC configured.  During the SI phase, it is commented that the expected number of entries is 16.  We have the following concerns:
· Since URLLC has low latency, then the TDRA table would need entries with many different starting symbols (e.g. 14 starting symbols).  For each starting symbol, the entry needs to provide the duration, the number of repetitions, the duration of each repetition and the location of this repetition.  It needs to cater for orphan symbols and slot boundary crossing which is dependent on the starting symbol and duration of the PUSCH transmission.  Hence the proposed 16 entries are not sufficient.
· The number of UL periods in a slot and the location of UL periods will affect how the PUSCH is transmitted.  For example, in multi-segment transmission (Option 2), the length of each segment/repetition depends on the number of UL periods and the location of UL periods.  The characteristics of the UL period can change dynamically but the entries in the TDRA are semi-static.  Hence, the entries may not be able to cater for dynamically changing UL periods
Therefore, 16 entries are clearly not sufficient to cater for the combination of starting symbol, repetition number, each repetition duration and the arrangement of these repetitions.  Increasing these entries would increase the number of DCI bits required to indicate an entry.  Alternatively, we could restrict the PUSCH repetition pattern that can be transmitted.  However, we do not see any clear benefits in imposing such a restriction to the PUSCH transmission.  This is a step back from the flexibility offered in Rel-15 PUSCH transmission with mapping type B.  Hence, we should not consider Option 6 further.  We should focus on Option 4 and Option 5 for Rel-16 eURLLC PUSCH enhancement.  
Observation 1: The use of a TDRA table in Option 6 where the entries are limited and semi-statically configured, cannot cater for the multiple combinations of possible PUSCH transmissions and cannot adapt to dynamic changes to the slot format (i.e. UL period).
Observation 2: The restriction on possible PUSCH transmission due to the limited entries in the TDRA table used in Option 6 does not offer any clear benefit.
Proposal 2: Option 6 where the PUSCH transmission is restricted to a limited number of semi-statically configured entries in a TDRA table is not considered further.
Proposal 3: Consider Option 4 or Option 5 for Rel-16 eURLLC PUSCH enhancement.

One common feature of Option 4 and Option 5 is the use of multi-segment PUSCH when the transmission crosses a slot boundary.  Apart from the slot boundary, PUSCH segmentation is also needed when a PUSCH transmission crosses two UL periods. 
Proposal 4: In using Option 4 or Option 5, a PUSCH transmission is segmented when it crosses a slot boundary and when it crosses two UL periods.

When a PUSCH is segmented due to gaps between two UL periods, then phase discontinuity is introduced and hence it is useful that each segment contains its own (front loaded) DMRS.  Similarly when a PUSCH is segmented due to slot boundary crossing, the slot may use a different scrambling/precoding and it is therefore beneficial that each segment contains its own DMRS.
[bookmark: _GoBack]Proposal 5: When a PUSCH is segmented due to a gap between UL periods or slot boundary, each segment contains its own DMRS.

3. Conclusion
In this contribution we discuss the options for Rel-16 eURLLC PUSCH enhancements.  We observe the following:
Observation 1: The use of a TDRA table in Option 6 where the entries are limited and semi-statically configured, cannot cater for the multiple combinations of possible PUSCH transmissions and cannot adapt to dynamic changes to the slot format (i.e. UL period).
Observation 2: The restriction on possible PUSCH transmission due to the limited entries in the TDRA table used in Option 6 does not offer any clear benefit.

We therefore propose the following:
Proposal 1: Consider a combined (Option 1 & Option 2) solution.
Proposal 2: Option 6 where the PUSCH transmission is restricted to a limited number of semi-statically configured entries in a TDRA table is not considered further.
Proposal 3: Consider Option 4 or Option 5 for Rel-16 eURLLC PUSCH enhancement.
Proposal 4: In using Option 4 or Option 5, a PUSCH transmission is segmented when it crosses a slot boundary and when it crosses two UL periods.
Proposal 5: When a PUSCH is segmented due to a gap between UL periods or slot boundary, each segment contains its own DMRS.
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