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Introduction
In RAN1#95AH, the following agreement related to the dynamic PUSCH enhancements for eURLLC was reached:
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 “multi-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) 
· 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.
· 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.

In this paper, we provide some details for each option and propose a solution for enhancing dynamic PUSCH performance for Rel. 16 eURLLC.
Dynamic PUSCH Enhancement for eURLLC
The main objectives of the dynamic PUSCH enhancements can be summarized as follows:
1. Allowing for fast uplink transmission 
2. Providing sufficient resources to guarantee the required reliability
3. Achieving the first two objectives, while not introducing large control overhead.

Considering (1)-(3), uplink grant(s) can trigger an uplink transmission that is allocated sufficient number of resources. In other words, regardless of the starting symbol of the allocation and the number of remaining symbols per current slot, service reliability should be guaranteed, i.e., some resources on the subsequent slot(s) may be needed for PUSCH transmission. 
Comparing “mini-slot based repetitions” and “multi-segment” transmission, the following aspects can be highlighted:
· In the last meeting, it was discussed that mini-slot level repetition (Option 1) can provide ways for realizing diversity gain, e.g., via beam switching or precoding cycling. Beam switching introduces gaps in-between the transmissions, which is not suitable for eURLLC. Further, whether it should be supported or not can be discussed in the mTRP WI. In addition, for dynamic PUSCH, precoding cycling is not helpful since PMI can be included in the DCI.
· If TB mapping is limited to a set of mini-slots instead of one longer allocation, either (a) the coding rate on each mini-slot will be too large, or (b) the TB should be sent via a large modulation order, but with a low coding rate. Neither (a) nor (b) is preferable from the performance point of view. Our simulation results presented in Section 3 confirm this observation.

Based on the above discussion, we therefore propose:
Proposal 1: For dynamic PUSCH enhancement, adopt Option 2 for Rel. 16 eURLLC, i.e., one UL grant schedules two or more PUSCH repetitions in consecutive available slots, with one repetition in each slot and possibly different starting symbols and/or durations.
One example for dynamic PUSCH transmission under Option 2 is shown in the Figure below:


Figure 1: Dynamic PUSCH triggering with a single grant and N = N1+N2 symbols. Only N1 uplink symbols are available in slot n.
One aspect that needs further consideration is the time-domain resource determination, especially for TDD slots, where the interaction with the DL/UL direction of the symbols can determine whether a repetition needs to be extended/postponed or dropped. While postponing a repetition may increase reliability, but it can severely impact latency. Besides, we should note that one major goal of UL repetitions across slot boundary is to reduce latency. Hence, to keep the latency reasonably low, we propose that SLIV indicates the starting symbol and the absolute number of symbols L, where the UE will not continue the transmission for this TB after absolute symbol S+L. The absolute number of symbols is defined as the total number of symbols indicated by SLIV regardless of whether all are available for uplink transmission or not. Figure 2 shows an example of absolute length L and length of each repetitions.
Proposal 2: For dynamic PUSCH enhancement, adopt SLIV equation so that from SLIV, UE will be indicated the starting symbol S and the absolute length L.


Figure 2: SLIV determines the starting symbol and absolute length L.

One related question is how UE determines UL symbols within L symbols, starting from S? To answer this question, we should note that if a UE is indicated that the service type is eMBB, it can rely on the latest dynamic SFI to determine UL/DL direction of the symbols. However, for URLLC service type, where target reliability is very high, e.g. 1e-6, GC-PDCCH carrying dynamic SFI may not be reliable enough. In this case, relying on the semi-static SFI can be a more reliable solution in determining UL/DL direction of the symbols.   
Observation 1: Dynamic SFI transmitted by GC-PDCCH may not be reliable enough for URLLC service types with a high reliability requirement, e.g. 99.9999%.
Link-Level Simulation Results
In this section, we provide LLS results on the comparison between mini-slot repetition and single-shot long PUSCH. For single-shot long PUSCH, we consider an allocation of 8 OFDM symbols, with DMRS on the 0th and 4th symbol, and TDMed with data. For the mini-slot repetition, we consider a repetition over 2 mini-slots, where each mini-slot spans 4 OFDM symbols with 1 front-loded DMRS symbol TDMed with data.  For a fair comparison, we choose the same time and frequency resource allocation for the two cases, and we select the MCS that results in the same TB size and hence same spectral efficiency. 
In Figure 3, we consider the case where mini-slot repetition is scheduled with the same coding rate, but a higher modulation order than the single-shot long PUSCH. For mini-slot repetition, the MCS is 16 QAM with rate R=378/1024. For the long PUSCH, the MCS is QPSK with rate R=379/1024. As the figure show, mini-slot repetition has a clear performance degradation of 0.5 dB (for RV=[0,2]) and 1.5 dB (for RV=[0,0]). 
In Figure 4, we consider the case where mini-slot repetition is scheduled with the same modulation, but a higher coding rate than the single-shot long PUSCH. For mini-slot repetition, the MCS is QPSK with rate R=602/1024. For the long PUSCH, the MCS is QPSK with rate R=308/1024. As the figure shows, when RV=[0,2] is selected, mini-slot repetition yields the same performance  as long-PUSCH. However, when RV=[0,0] is used, mini-slot repetition yields a 1 dB performance degradation.   
From these simulation results, we conclude that mini-slot repetition will not yield any LLS performance gain over single-shot long PUSCH with the same resource allocation. 
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(a) TDL-C channel with 300 ns delay spread
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(b) TDL-A channel with 30 ns delay spread

Figure 3: QPSK with long PUSCH vs 16 QAM with mini-slot repetition; same payload size and resource allocation is used. 
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(a) TDL-C channel with 300 ns delay spread
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(b)TDL-A channel with 30 ns delay spread
Figure 4: Long PUSCH with rate R vs mini-slot repetition with rate 2R per transmission; same payload size and resource allocation is used. 
Conclusion
Observation 1: Option 3, i.e., assuming UL grants scheduling N PUSCH repetitions on consecutive available slots, increases control overhead.
Proposal 1: For dynamic PUSCH enhancement, adopt Option 2 for Rel. 16 eURLLC, i.e., one UL grant schedules two or more PUSCH repetitions in consecutive available slots, with one repetition in each slot with possibly different starting symbols and/or durations.
Proposal 2: For dynamic PUSCH enhancement, adopt SLIV equation so that from SLIV, UE will be indicated the starting symbol S and the absolute length L.
[bookmark: _GoBack]Observation 1: Dynamic SFI transmitted by GC-PDCCH may not be reliable enough for URLLC service types with a high reliability requirement, e.g. 99.9999%.
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