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Discussion and decision
1 Introduction
In RAN #83 meeting, new work item for enhanced URLLC was agreed [1] with the following objective:

· 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
During study item phase, it was concluded that:

Conclusion:

· Finalize the details regarding how to use “option 1” vs. “option 2” during the WI phase using option 4, 5, and 6 (as in R1-1903797) as a starting point.
This contribution analyzes the option 1 and options 2 for PUSCH enhancement for URLLC. 

2 Comparison of Option 4/5/6

For Option 4, TDRA field and K repetition are used to indicate starting position (slot and symbol) and total transmission length: L *K, where L is number of symbols for one “nominal” repetition, and K is the number of “nominal” repetition. If a "nominal" repetition goes across the slot boundary or DL/UL switching point, this "nominal" repetition is splitted into multiple PUSCH repetitions. If L >14 is supported, Option 4 becomes Option 2 in [2]. When L is small, it can become Option 1 in [2]. For Option 4, there is no need to handle orphan symbols, although when the duration is too small due to splitting, is to be further investigated in the WI phase. 
Option 5 is similar as Option 4, where the time domain resource assignment (TDRA) and the number of repetitions K are used to determine the overall resources for all the repetitions (L*K). However, different from Option 4, only when all the resources are in one slot and not across DL/UL switching point, it becomes Option 1 in [2]. As long as the total resources across slot boundary or DL/UL switching point, it becomes Option 2 in [2].  
Compared with Option 4 and Option 5, Option 4 provides more flexibility for gNB to configure as either Option 1 or Option 2, especially when L >14 is allowed. For Option 5, Option 1 can only be supported in very limited case, for example, it is not easy for gNB to configure repetitions for multiple TRPs with Option 5 as long as the total transmission is longer than one slot. In addition, for UL configured grant, in each transmission period, if the slot boundary or DL/UL switching point is different, it may use quite different transmission scheme. For example, if gNB want to provide multiple starting points with mini-slot repetition for one configuration, but as long as it has DL/UL switching point in some slot, the actual repetition changes as well as the potential starting opportunities. 
Observations #1: Option 4 provides more flexibility for switching between Option 1 and Option 2.

Observations #2: Option 5 may result in different transmission format for configured grant as well as different starting opportunities. 
Option 6 indicates each repetition by multiple SLIVs and K2(s), respectively. It seems to be very flexible. However, gNB need carefully create a TDRA list to cover all the potential cases, for example, different DL/UL switching point or SRS configurations with some periodicity. In addition, the RRC signaling overhead may increase a lot. Assuming TDRA list with 16 entries, in Rel-15, each one requires 8 bits ~13 bits. If more than one SLIV and/or K2 is configured for each entry to support up to 8 repetitions, it might require up to 8 times of more bits: 8 *16 *(8~13 bits). That is, up to additional 896 ~1456 bits. Although RRC signaling may not be as important as DCI, it still better to strive to a simple solution.  
In addition, for Option 6, it is hard to find the best TDRA configuration for configured grant, since DL/UL configuration may be quite different in each periodicity.  
Observations #3: Option 6 requires more RRC overhead. 

Observations #4: It is hard to support configured grant with Option 6. 
PUSCH-TimeDomainResourceAllocation ::= 
SEQUENCE {

    k2                                      INTEGER(0..32)          OPTIONAL,   -- Need S

    mappingType                             ENUMERATED {typeA, typeB},

    startSymbolAndLength                    INTEGER (0..127)

}

Based on the above observations, we proposed to support Option 4 for PUSCH enhancement. 
Proposal #1: Support Option 4 in TR 38.824 for PUSCH enhancement for eURLLC.
3 Detail design for PUSCH enhancement
As discussed in section 2, L >14 can be supported to more flexible switching between Option 1 and Option 2. The most advantage part to support L >14 is to avoid unnecessary segmentation (as the pros of Option 2). However, when the total transmission length is long, the frame alignment delay by restricting the starting position is negligible. Therefore, there is no need to support a too large symbol number. To balance the overhead and flexibility, L ≤ 28. 

Proposal #2: Symbol number L indicated in TDRA is smaller than or equal to 28. 
In order to support S+L >14, SLIV calculation needs to be updated. One simplest way is  defined SLIV =14*(L-1) +S, where 1≤ L ≤28. 

Proposal #3: S+L >14 is allowed and calculation of SLIV is SLIV =14*(L-1) +S. 
For Option 4, if a "nominal" repetition goes across the slot boundary or DL/UL switching point, this "nominal" repetition is splitted into multiple PUSCH repetitions, with one PUSCH repetition in each UL period in a slot. However, for the special case that there is only one symbol in one repetition, since DMRS needs to be transmitted, there is no resource to transmit data for DFT-S-OFDMA and very limited resource for CP-OFDM.  Since DMRS sharing is not supported, there is no need to transit when there is only one symbol for one repetition. 

Proposal #4: Not transmit the repetition when there is only one symbol due to slot boundary or DL/UL switching point.  
For dynamic grant, one DCI only indicates one UL grant. L symbols * K repetitions can either indicate the actual symbols length or the total the number of symbols from the first symbol to the last symbol including the DL symbols. For each case, gNB can find a proper L and K to configure. However, for configured grant, since DL symbols may be quite different in each period, in order to ensure transmission time to achieve the reliability requirement, it is better to indicate the actual number of symbols for UL transmission. That is, postpone the UL transmission for the DL slots/symbols. In order to strive for the same design for dynamic grant and configured grant,  symbol number L is better to indicate the actual symbols for transmission. 
Proposal #5: The total symbols number indicated by L in TDRA and K repetitions represents the actual number of symbols for UL transmission.   
The TBS can be determined by the number L indicated in TDRA. With current specification, the number of REs in each PRB is limited by 156 even when L >14. However, the symbols for each real repetition might be different. If the actual number of symbol in a repetition is too small due to the segmentation, it may lead to quite high code rate with same modulation order and may not be self-decodable. It might lose the possibility of early decoding. In this case, higher modulation order can be used to reduce the code rate when the actual symbol number is small in some repetition. However, it may have impact on UE power control due to different back off for different modulation. 
Proposal #6: TBS is determined based on the number of symbol L indicated in TDRA. Further study on the determination of modulation scheme in each repetition. 
In Rel-15, since repetition in each slot use the same symbols, it is easy to avoid SRS from other UEs and UCI from itself or different UEs. However, Option 4 supports continuous repetitions. In order to avoid SRS or UCI, RRC can configure some potential UL symbol set(s) on which PUSCH shall not map. If more flexibility is needed, DCI can be used to indicate one of the potential UL symbol sets in RRC.

Proposal #7: Introduce RRC signaling to configure one or more sets where some symbols cannot be used for PUSCH transmission.  Introduce a new DCI field to dynamic indicate one of the sets.  
Conclusions
In this contribution, PUSCH enhancements are discussed. Based on the analysis and observations, we proposed:
Proposal #1: Support Option 4 in TR 38.824 for PUSCH enhancement for eURLLC.
Proposal #2: Symbol number L indicated in TDRA is smaller or equal to 28. 
Proposal #3: S+L >14 is allowed and calculation of SLIV is SLIV =14*(L-1) +S. 

Proposal #4: Not transmit the repetition when there is only one symbol due to slot boundary or DL/UL switching point.  
Proposal #5: The total symbols number indicated by L in TDRA and K repetitions represents the actual number of symbols for UL transmission.   
Proposal #6: TBS is determined based on the number of symbol L indicated in TDRA. Further study on the determination of modulation scheme in each repetition. 

Proposal #7: Introduce RRC signaling to configure one or more sets where some symbols cannot be used for PUSCH transmission.  Introduce a new DCI field (e.g., 0~2 bits) to dynamic indicate one of the sets.  
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