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Discussion and decision
1 Introduction
In RAN 1 #97 meeting, it was agreed to support option 4. So far, we have the following agreement related for option 4: 
Option 4: 

One or more actual PUSCH repetitions in one slot, or two or more actual PUSCH repetitions across slot boundary in consecutive available slots, is supported using one UL grant for dynamic PUSCH, and one configured grant configuration for configured grant PUSCH.

· The number of the repetitions signaled by gNB represents the “nominal” number of repetitions. The actual number of repetitions can be larger than the nominal number.

· FFS dynamically or semi-statically signalled for dynamic PUSCH and type 2 configured grant PUSCH

· The time domain resource assignment (TDRA) field in the DCI or the TDRA parameter in the type 1 configured grant indicates the resource for the first “nominal” repetition. 
· FFS the detailed interaction with the procedure of UL/DL direction determination
· 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

· 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.

· Handling of the repetitions under some conditions, e.g., when the duration is too small due to splitting, is to be further investigated in the WI phase.

· No DMRS sharing across multiple PUSCH repetitions

· The maximum TBS size is not increased compared to Rel-15.

· FFS: L > 14

· S+L can be larger than 14

· FFS: The bitwidth for TDRA is up to 4 bits.

· Note: different repetitions may have the same or different RV.

Agreements:

For option 4, dynamic indication of the nominal number of repetitions in the DCI scheduling dynamic PUSCH is supported for PUSCH enhancements. The dynamic indication can be enabled or disabled by the gNB.

· FFS the exact signaling method

· FFS the exact DCI format(s)

· FFS the exact mechanism to enable or disable

· FFS the DCI activating type 2 configured grant PUSCH

Agreements:

For both option 4 and 6, frequency hopping is supported

· FFS details
This contribution analyzes the option 1 and options 2 for PUSCH enhancement for URLLC. 

2 Detail design for PUSCH
For option 4, PUSCH transmission will split into two when “nominal” repetition goes across the slot boundary or DL/UL switching point. For semi-static DL symbols, there is no reliability issues. For configured grant, it is better to postpone to ensure the UL transmission time for reliability. For commonality, dynamic grant can apply the same rule. If gNB use SF to change flexibility symbols to DL symbols, in Rel-15, the repetition is not transmitted (cancelled) for configured grant. For dynamic grant, UE is not expect to receive a grant have conflict with SFI. However, for option 4, the resource for the rest repetition other than the first repetition is derived from TDRA of first repetition. New behaviour to handle the conflict with dynamic DL symbols for configured grant is needed. Similar as for configured grant, the repetition conflict with dynamic DL symbols can be cancelled. In case of missing dynamic SFI, for configured grant, UE will not transmit repetition on semi-static flexible symbols. In Rel -15, UE will follow DCI for PUSCH since UE is not expect conflict with dynamic indication of UL/DL direction. Similarly as for dynamic DL symbols, for dynamic grant, cancel the repetition on semi-static flexible symbols may not cause any issue. Even gNB doesn’t if UE miss the SFI, gNB can either assume there is PUSCH repetition on flexible symbols can combine the noise on the resource, or gNB can implement a simple detection to determinate if there is PUSCH transmission or not. For the other alternative solution (i.e., postpone for DL symbols or semi-static flexible symbols in case of missing dynamic SFI), the misalignment between UE and gNB may cause more serious issues. 
With the above way to handling UL/DL direction issue, there is no need to support L >14. K repetition can be used together with L to provide a proper scheduling of PUSCH to avoid unnecessary segmentation.  In this case, L*K present the total number of actual symbols of UL transmission, with potential cancellation of some repetitions by SFI.
Proposal #1:  For both dynamic grant and configured grant,
· Postpone the transmission for semi-static DL symbols.
· If a repetition conflicts with a dynamic DL symbol, the repetition is not transmitted.
· In case of missing dynamic SFI, if a repetition conflicts with a semi-static flexible symbol, the repetition is not transmitted.
· L<=14
In order to support S+L > 14, some modification of SLIV is necessary.  The existing SLIV table for the case S+L <=14 shall be resued to avoid unnecessary change at UE side.  The unused states can be used to indicate the cases S+L >14. In this case, one additional bit is needed. 
Proposal #2:  SLIV calculation is based on the following equation with 1 more bit in DCI: 
· If L+S≤ 14, then

· if（L -1）≤ 7

· SLIV =14*(L-1) +S，

· else
· SLIV = 14*（7-L+1）+（7-1-S）

· If L+S>14, then
· if（L -1）≤ 7

· SLIV= 14*（14-L+1）+（14-1-S）

· else
· SLIV=14*（L-1）+S

In order to reduce latency, Type B DMRS shall be supported. In each actual repetition, DMRS is transmitted on the first symbol. In case of additional DMRS, the symbol location can be determinated by “nominal” repetition, i.e., the symbol length L indicated by TDRA field.  Alternatively, the symbol location for additional DMRS can be determinated based on actual symbol length in each repetition. For example in Figure 1, UE is configured with S = 1 and L = 8 with an additional DMRS. According to Rel-15, the additional DMRS shall be transmitted in the 7th symbol. However, due to slot boundary, the second repetition only has 5 symbols. If the time domain location is determinated based on actual symbol length, the additional DMRS shall be transmitted at the 5th symbol of the second repetition. However, it the location of additional DMRS is determinated based on allocated symbol number, the additional DMRS shall not be transmitted. In order to ensure the reliability with a proper DMRS density, the additional DMRS can be transmitted based on the actual number of repetition.

For DMRS Type A, it might be easier to align between multiple UEs. However, it is not benefit for latency. Therefore, it may be not necessary to support for PUSCH for URLLC use case. 

Proposal #3: For Type B, the first DMRS is transmitted from the first symbol of each actual repetition.  If additional DMRS is configured, the symbol location is determinated based on the actual symbol length in each repetition.     

Proposal #4: Not support DMRS Type A for PUSCH enhancement. 
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Figure 1
If a "nominal" repetition goes across the slot boundary or DL/UL switching point, this "nominal" repetition is spitted 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 (or two symbols for two DMRS case) in one repetition, since DMRS needs to be transmitted (Type B), there is no resource to transmit data for DFT-S-OFDMA and very limited resource for CP-OFDM.  However, for configured grant, DMRS can be used to improve detection performance. In addition, for mini-slot repetition within one slot, DMRS bundling in time domain can be further study to improve the performance. 
Proposal #5: No specially handling of orphan symbol(s). 

The TBS can be determined by the number L indicated in TDRA especially for L<=14. However, the symbols for each actual repetition might be different. If the actual number of symbols 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. If the self-decidability can be ensure, RV rotation for dynamic grant and configured grant can be reused with one of {0, 2, 3, 1}, {0, 0, 0, 0}, {0, 3, 0, 3} configured by RRC. 
Proposal #6: TBS is determined based on the number of symbol L indicated in TDRA.
Proposal #7: Modulation order for each repetition is adjusted based on efficiency. FFS on details. 
It was agreed to support dynamic indication of the nominal number of repetitions in the DCI scheduling dynamic PUSCH is supported for PUSCH enhancements. It is easier to add up to 2 bits in DCI to indicate K repetitions, although it may increase DCI payload. However, this field can be configurable as other fields in configurable DCI. On the other hand, this field can be helpful for normal PUSCH repetition case for eMBB. 

Proposal #8: Add a new field in DCI to indicate K repetition. {0, 1, 2} bits can be configurable. 

Proposal #9: Considering to support this dynamic repetition indication for regular PUSCH repetition. 

Rel-15 supports two types of frequency hopping:
· 
Intra-slot frequency hopping, applicable to single slot and multi-slot PUSCH transmission

· 
Inter-slot frequency hopping, applicable to multi-slot PUSCH transmission

For option 4, inter-mini-slot frequency hopping and inter-slot frequency hopping can be supported. For inter-mini-slot frequency hopping, “mini-slot” can be defined as “actual” repetition to bring sufficient frequency diversity gain, considering the symbols length L of each “nominal” repetition can be as long as 14 symbols

On the other hand, in order to provide similar performance as intra-slot frequency hopping in Rel-15, intra-mini-slot frequency hopping can be supported. Similarly, “mini-slot” can be defined as “actual” repetition. For some cases, the symbol length in each actual repetition is quite different due to segmentation. It might be helpful to support intra-mini-slot frequency hopping if the actual symbol length is longer. As shown in Figure 2, if the actual symbol length is larger than 4 symbols as in Rel-15, intra-mini-slot frequency hopping is enabled, otherwise, inter-mini-slot frequency hopping is supported. 

Shown as Figure 2, how to do the frequency hopping needs to be further studied. For example, the determination of starting PRB location is based on the first or second part of mini-slot, or based on each block. 

Proposal #10: Support inter-mini-slot frequency hopping, inter-slot frequency hopping and intra-mini-slot frequency hopping based on the actual symbol length in each repetition.  
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Figure 2
One potential issue for option 4 is that, repetition are consecutive. Although SFI can be used to cancel some repetition, but it restrict to configure those symbols to semi-static flexible. Therefore, it is better to be able to reserve some symbols for SRS/PUSCH of other UEs. For configured grant, only RRC can be used to reserve some resource as invalid symbols/slots. For dynamic grant, as for PDSCH, a rate matching pattern can be indicated by DCI from several pre-configured patterns by RRC. However, this will increase DCI overhead and may not be preferred considering the reliability. 

Proposal #11: At least for configured grant, RRC can indicate invalid symbols/slots for UL transmission. Further study if DCI based solution for resource reservation. 
Conclusions
In this contribution, PUSCH enhancements are discussed. Based on the analysis and observations, we proposed:
Proposal #1:  For both dynamic grant and configured grant,

· Postpone the transmission for semi-static DL symbols.
· If a repetition conflicts with a dynamic DL symbol, the repetition is not transmitted.
· In case of missing dynamic SFI, if a repetition conflicts with a semi-static flexible symbol, the repetition is not transmitted.
· L<=14
· Proposal #2:  SLIV calculation is based on the following equation with 1 more bit in DCI: 
· If L+S≤ 14, then

· if（L -1）≤ 7

· SLIV =14*(L-1) +S，

· else
· SLIV = 14*（7-L+1）+（7-1-S）

· If L+S>14, then
· if（L -1）≤ 7

· SLIV= 14*（14-L+1）+（14-1-S）

· else
· SLIV=14*（L-1）+S

Proposal #3: For Type B, the first DMRS is transmitted from the first symbol of each actual repetition.  If additional DMRS is configured, the symbol location is determinated based on the actual symbol length in each repetition.     

Proposal #4: No support DMRS Type A for PUSCH enhancement. 

Proposal #5: No specially handling of orphan symbol(s). 

Proposal #6: TBS is determined based on the number of symbol L indicated in TDRA.
Proposal #7: Modulation order for each repetition is adjusted based on efficiency. FFS on details. 
Proposal #8: Add a new field in DCI to indicate K repetition. {0, 1, 2} bits can be configurable. 

Proposal #9: Considering to support this dynamic repetition indication for regular PUSCH repetition. 

Proposal #10: Support inter-mini-slot frequency hopping, inter-slot frequency hopping and intra-mini-slot frequency hopping based on the actual symbol length in each repetition.  
Proposal #11: At least for configured grant, RRC can indicate invalid symbols/slots for UL transmission. Further study if DCI based solution for resource reservation. 
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