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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1 Ad-Hoc 1901, we agreed on the following:
Agreements:
At least for scheduled PUSCH, for the option “One UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots” (also called as “mini-slot based repetitions”), if supported, it further consists of:
· Time domain resource determination
· The time domain resource assignment field in the DCI indicates the resource for the first repetition.
· The time domain resources for the remaining repetitions are derived based at least on the resources for the first repetition and the UL/DL direction of the symbols.
· FFS the detailed interaction with the procedure of UL/DL direction determination
· Each repetition occupies contiguous symbols.
· FFS whether/how to handle “orphan” symbols (the # of UL symbols is not sufficient to carry one full repetition)
· Frequency hopping (at least 2 hops)
· Support at least inter-PUSCH-repetition hopping and inter-slot hopping
· FFS other FH schemes
· FFS number of hops larger than 2
· FFS dynamic indication of the number of repetitions
· FFS DMRS sharing
· FFS TBS determination (e.g. based on the whole duration, or based on the first repetition)
Agreements:
At least for scheduled PUSCH, for the option “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” (also called as “twomulti-segment transmission”), if supported, it further consists of:
· Time domain resource determination
· The time domain resource assignment field in the DCI indicates the starting symbol and the transmission duration of all the repetitions. 
· FFS multiple SLIVs indicating the starting symbol and the duration of each repetition
· FFS details of SLIV, including the possibility of modifying SLIV to support the cases with S+L>14.
· FFS the interaction with the procedure of UL/DL direction determination
· For the transmission within one slot,
· If there are more than one UL period within a slot (where each UL period is the duration of a set of contiguous symbols within a slot for potential UL transmission as determined by the UE) 
· Alt1: One repetition spans across more than one UL periods.
· This implies that DMRS is required for each UL period.
· Note: it is agreed in previous meetings that one PUSCH instance is not across a slot boundary
· Each repetition occupies contiguous symbols available for potential UL transmission across one or more UL periods
· Alt2: One repetition is within one UL period.
· FFS if more than one UL period is used for the transmission (If more than one UL period is used, this would override the previous definition of this option.)
· Each repetition occupies contiguous symbols 
· Otherwise, a single PUSCH repetition is transmitted within a slot following Rel-15 behavior.
· FFS Transmission of the repetitions spanning across more than two slots is not supported.
· Frequency hopping
· Support at least inter-slot FH
· FFS other FH schemes
· FFS TBS determination (e.g. based on the whole duration, or based on the first repetition, overhead assumption)

Agreements:
· Down-select between “mini-slot based repetitions” and “two-segment transmission”, aiming in RAN1#96
· FFS the option of using separate grants to schedule PUSCH repetitions in consecutive available slots

Agreements:
Companies are encouraged to provide more details in RAN1#96 at least for the following for potential enhancements of PUSCH:
· Details of the time domain resource determination, including the interaction with the DL/UL direction of the symbols
· Details of TBS determination
· What is different for scheduled PUSCH and configured grant?
· E.g. for configured grant, should the transmission be allowed to postpone when conflicting with DL symbols?
· Comparison between the two schemes, including the potential performance evaluation/analysis (including latency, reliability, etc), complexity, overhead, etc.

This contribution discusses the two proposed methods for PUSCH enhancement namely mini-slot repetition and multi-segment transmission.  

2. Discussions
2.1 Mini-slot Repetition
Figure 1 shows an example of mini-slot repetition where the PUSCH occupying 2 OFDM symbols is repeated 4 times.  Two issues were identified with this scheme:
1. Orphan symbol: Due to the low latency requirement of URLLC, the mini-slot PUSCH repetition can start anytime within a slot and since an instance of PUSCH cannot cross a slot boundary, this would lead to an orphan symbol when there are not sufficient OFDM symbols in the remaining portion of the slot to contain an entire PUSCH.  In the example in Figure 1, the 4th PUSCH repetition cannot begin at time t4 (last symbol of Slot n) since this would result in a PUSCH crossing a slot boundary.  The 4th PUSCH repetition must therefore begin at the start of Slot n+1, which leads to the last symbol of Slot n being unused.
1. DMRS overhead: A PUSCH typically has a front loaded DMRS, i.e. 1st OFDM symbol consists of DMRS followed by the PUSCH payload.  Since a mini-slot consists of 2 OFDM symbols, the repetitions as shown in Figure 1 would lead to 50% DMRS overhead.
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[bookmark: _Ref534646218]Figure 1: PUSCH mini-slot repetition

The orphan symbol as shown in Figure 1 can be eliminated by just delaying the start of the PUSCH repetition by 1 symbol, which can be done by the gNB scheduler.  We noted in [1] that delaying the start of the PUSCH repetition by one symbol in the example in Figure 1 does not delay the end time of the last PUSCH repetition, i.e. it introduces no delay to the overall PUSCH repetitions.  That is, orphan symbols can be removed by just ensuring the start of PUSCH repetitions do not lead to any orphan symbol.
Observation 1: Orphan symbol(s) can be eliminated via gNB scheduler by ensuring that the start of the PUSCH repetitions do not lead to any orphan symbols, e.g. by delaying the start of the 1st PUSCH repetition.
Observation 2:  Delaying the start of a PUSCH repetition to avoid orphan symbols does NOT introduce any latency to the overall PUSCH repetitions, i.e. the end time of the last PUSCH repetition is not affected.

However, 3GPP does not specify requirements for gNB scheduling since it should be up to the network vendors’ implementations.  Hence, the orphan symbol may be intentional, in which case the UE should just DTX it.  If the scheduler wants the orphan symbol to be used for another purpose, e.g. a partial repetition of a PUSCH or additional DMRS, it should signal to the UE e.g. in a DCI or RRC configuration.
Proposal 1: If mini-slot repetition is adopted, the gNB indicates e.g. via DCI, whether the orphan symbol in a mini-slot PUSCH repetition that crosses slot boundary is DTX or used for another transmission, such as partial PUSCH repetition.

In reducing DMRS overhead, the gNB needs to know which DMRS pattern is used by the UE especially for the configured grant case.  A fixed DMRS pattern, e.g. every odd repetition contains a front loaded DMRS can be used.  However, it is possible that the PUSCH repetition is interrupted e.g. by DL symbols, such that isolated repetitive samples do not contain any DMRS.  An example is shown Figure 2 where a fixed pattern, such that only odd repetitions contains DMRS is used, i.e. 1st and 3rd repetition contains DMRS.  Here, a PUSCH with 4× repetition is scheduled at time t1 but those repetitions are interrupted by DL symbols between time t2 and t4, resulting in gaps between the 2nd repetition and the 1st repetition.  The orphan symbol also introduces a gap between the 2nd repetition and the 3rd repetition.  Since the fixed DMRS pattern does not contain DMRS for the even repetition samples, i.e. 2nd & 4th repetitions, the isolated 2nd PUSCH repetition between time t4 and t5, does not contain any DMRS and would suffer from phase discontinuity issues.  Generally any fixed DMRS pattern can potentially lead to an isolated series of repetition samples without DMRS.
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[bookmark: _Ref779890]Figure 2: PUSCH repetition interrupted by DL symbols

Observation 3: Using a fixed DMRS pattern to reduce DMRS overhead can potentially lead to an isolated series of repetition samples without any DMRS when the repetitions are interrupted.

A dynamic type of DMRS pattern is therefore required to reduce DMRS overhead.  A UCI can be transmitted but this would require specification to define how to transmit this UCI.  Alternatively, a set of rules is used, for example each isolated series of repetitions must contain a front loaded DMRS.  Introducing UCI or rules in transmitting DMRS would lead to unnecessary complexity.
Observation 4: Using a dynamic DMRS pattern to reduce DMRS overhead may require UCI to be transmitted or defining a set of rules to manage the DMRS pattern, which introduces complexity to the UE and has high specs impact.

In eMTC and NB-IoT, the number of repetitions used for the PUSCH is indicated in the UL grant.  This is a simple and straightforward method and hence, it can be used for Rel-16 eURLLC.
Proposal 2: If mini-slot PUSCH repetition is used, the number of PUSCH mini-slot repetitions for Rel-16 eURLLC transmission is indicated in the UL grant.

In eMTC, TTI bundling with 4 RV is used for PUSCH repetition, that is, in every group of 4 PUSCH repetitions, each repetition has a different RV.  A similar scheme can be used for PUSCH mini-slot repetition where the TBS is based on the total number of resources (REs) of all the PUSCH repetitions.  That is if a 2 OFDM symbol PUSCH is repeated 4 times, the TB is based on 8 OFDM symbols worth of resources.  Each repetition is a different Redundancy Version of the encoded TB.
Proposal 3: The TBS is based on the total resource of all the PUSCH repetitions and TTI bundling, where each PUSCH repetition has a different RV, is used.

2.2 Multi-Segment PUSCH Transmission
Multi-segment PUSCH transmission make use of the existing Type B PUSCH mapping where the PUSCH transmission can start at any symbol in a slot.  This method does not suffer from orphan symbols and high DMRS overhead.  In order to avoid a single PUSCH instance crossing a slot boundary, this method segments the PUSCH transmission for example into two segments such that one segment is in different slot to the other one.  
Observation 5: Unlike mini-slot PUSCH repetition, Multi-Segment PUSCH transmission does not suffer from orphan symbols and high DMRS overhead.

In Multi-Segment PUSCH transmission, a PUSCH is segmented when it crosses a slot boundary and if the PUSCH is interrupted by invalid symbols, e.g. downlink symbols.  An example is shown in Figure 3 where a PUSCH with a duration of 8 OFDM symbols is scheduled at time t1.  The PUSCH transmission is interrupted twice, first by DL symbols between time t2 and t3 and then a slot boundary at time t4.  As a consequence of these interruptions, the PUSCH is divided into 3 segments as shown in Figure 3.  Since the purpose of segmenting a PUSCH is due to interruptions, each segment would face phase discontinuity and hence it is important that each segment contains its own DMRS.
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[bookmark: _Ref791833]Figure 3: Multi-Segment PUSCH transmission

Proposal 4: In Multi-Segment PUSCH transmission, each segment contains at least a front loaded DMRS.

Segmentation of a PUSCH transmission can be implicitly indicated in the DCI, for example if the starting symbol and PUSCH duration leads to the PUSCH being interrupted at the slot boundary (e.g. S+L>14) or by DL symbols, then the UE would segment the PUSCH transmissions according to the number of interruptions.
Proposal 5: Segmentation of PUSCH transmission is implicitly indicated by the DCI, when the starting symbol and duration of the PUSCH leads to the PUSCH being interrupted.

The TBS can be based on total resources of all the PUSCH segments.  Each segment can be a different RV, i.e. each segment contains different encoded bits of a circular buffer.    
Proposal 6: The TBS for a Multi-Segment PUSCH is based on total resources of all the PUSCH segments.  Each segment can have a different RV of the same TB.

Comparing mini-slot repetition and Multi-Segment PUSCH, mini-slot repetition has a slight disadvantage in terms of managing the DMRS to reduce overhead.  However, this issue can be decided during the WI phase.  For the SI, we suggest that both methods are described in the TR.
[bookmark: _GoBack]Proposal 7: The methods in using mini-slot repetitions and Multi-Segment PUSCH are described in TR38.824.

3. Conclusion
In this contribution we discuss some Layer 1 enhancement on PUSCH to support URLLC.  We observe the following:
Observation 1: Orphan symbol(s) can be eliminated via gNB scheduler by ensuring that the start of the PUSCH repetitions do not lead to any orphan symbols, e.g. by delaying the start of the 1st PUSCH repetition.
Observation 2:  Delaying the start of a PUSCH repetition to avoid orphan symbols does NOT introduce any latency to the overall PUSCH repetitions, i.e. the end time of the last PUSCH repetition is not affected.
Observation 3: Using a fixed DMRS pattern to reduce DMRS overhead can potentially lead to an isolated series of repetition samples without any DMRS when the repetitions are interrupted.
Observation 4: Using a dynamic DMRS pattern to reduce DMRS overhead may require UCI to be transmitted or defining a set of rules to manage the DMRS pattern, which introduces complexity to the UE and has high specs impact.
Observation 5: Unlike mini-slot PUSCH repetition, Multi-Segment PUSCH transmission does not suffer from orphan symbols and high DMRS overhead.

We therefore propose the following:
Proposal 1: If mini-slot repetition is adopted, the gNB indicates e.g. via DCI, whether the orphan symbol in a mini-slot PUSCH repetition that crosses slot boundary is DTX or used for another transmission, such as partial PUSCH repetition.
Proposal 2: If mini-slot PUSCH repetition is used, the number of PUSCH mini-slot repetitions for Rel-16 eURLLC transmission is indicated in the UL grant.
Proposal 3: The TBS is based on the total resource of all the PUSCH repetitions and TTI bundling, where each PUSCH repetition has a different RV, is used.
Proposal 4: In Multi-Segment PUSCH transmission, each segment contains at least a front loaded DMRS.
Proposal 5: Segmentation of PUSCH transmission is implicitly indicated by the DCI, when the starting symbol and duration of the PUSCH leads to the PUSCH being interrupted.
Proposal 6: The TBS for a Multi-Segment PUSCH is based on total resources of all the PUSCH segments.  Each segment can have a different RV of the same TB.
Proposal 7: The methods in using mini-slot repetitions and Multi-Segment PUSCH are described in TR38.824.
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