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1	Introduction
The URLLC L1 work item was approved in RAN#83 [1]. 
PUSCH enhancements are one of the objectives in the WID noted as:
· 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

The starting point for the related RAN1 discussions is given by the following RAN1#96 conclusion given by options 4, 5 and 6:
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.

The related descriptions of all the identified options 1 to 6 can be found in Sec. 6.3 of TR 38.824. Our discussions on the pros / cons of the earlier options 1 and 2 can be found in our earlier contribution [2]. In this contribution, we focus on the identified options 4, 5, and 6 as a starting point based on the RAN1#96 conclusion. 

2	Discussion on options 4, 5 and 6 
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For easier reference we hereby include the related description from TR 38.824 below: 
Option 4 from TR 38.824  
[bookmark: OLE_LINK15]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. It further consists of:
· 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. 
· 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.

Option 5 from TR 38.824  
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. It further consists of:
· The number of the repetitions signalled by gNB represents the “nominal” number of repetitions. The actual number of repetitions can be larger or smaller 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) and the number of repetitions K are used to determine the overall resources for all the repetitions (L*K). 
· If the overall resources go across the slot boundary or DL/UL switching point, one repetition is transmitted in each UL period in a slot. 
· Otherwise, the nominal number of repetitions are transmitted, each repetition with the transmission duration indicated in the TDRA.
· The TDRA is indicated in the DCI for dynamic grant or type 2 configured grant, or RRC configured for type 1 configured grant.
· No DMRS sharing across multiple PUSCH repetitions
· No special handling of orphan symbols
· The maximum TBS size is not increased compared to Rel-15.
· L <= 14
· S+L can be larger than 14
· Note: different repetitions may have the same or different RV.

Option 6 from TR 38.824  
One or more PUSCH repetitions in one slot, or two or more 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. It further consists of:
· The time domain resource assignment (TDRA) field in the DCI or the TDRA parameter in the type 1 configured grant indicates an entry in the higher layer configured table
· The number of repetitions, starting symbols of each repetition, length of each repetition, and mapping of the repetitions to slots can be obtained from each entry in the table.
· More than one repetition can be mapped to one slot
· The resource assignment for each repetition is contained within one slot. Each transmitted repetition is contained within one UL period in a slot.
· FFS: increasing the number of bits for TDRA field in DCI 
· FFS other details
· The maximum TBS size is not increased compared to Rel-15.

Although there had been already some discussions on these three options during RAN1#96, we think that the differences had not been analysed in detail yet as these compromised solutions had only been developed during the ongoing RAN1#96 discussions. 


2.1 Properties of options 4, 5 and 6
Before comparing the different options in the next subsection, we present our understanding of the properties of the 3 options identified as starting point for further discussion. 

We see the following properties of the three options: 

Option 4:
· Enables mini-slot repetition through dynamic indication or semi-static configuration of repetition factor (for CG only semi-static configuration possible)
· Multi-segment operation is applied in case a single “nominal” PUSCH repetition is to cross the slot boundary which solves the orphan symbol issue (i.e. no special handling needed)  
· In case dynamic repetition factor indication (of K) in the DCI for scheduled PUSCH is supported, this will give more flexibility of dynamically adjusting the combination of K and L for different traffic types as well as the relation of the PUSCH start with respect to the end of the slot / UL period as already indicated in our earlier contribution [2]. 
· We see this as a true hybrid /compromise to enable both underlying earlier options (mini-slot repetition vs. multi-segment transmission) solving at the same time the orphan symbol problem. 
· This hybrid solution also provides the flexibility to support the desired trade-off between DM-RS overhead and the diversity gain by setting the repetition factor (of K) and the transmission duration per repetition properly. This removes the need for discussing DMRS sharing.

Option 5: 
· Enables mini-slot repetition within a slot – but does not allow mini-slot repetition across more than a single slot or UL period (i.e. mini-slot repetition will not be possible in case of having a start of the transmission close to the slot / UL period boundary)
· Enables multi-segment operation (with one PUSCH segment in each slot/UL period) in case the overall allocated resources (K*L) are to cross at least one slot boundary and/or more than one UL period
· For a total transmission duration (K*L), depending on the starting point of the overall PUSCH transmission with respect to the end of the slot / UL period either shorter transmission segments of L symbols (within a slot / UL period) or rather long and uneven transmission segments of up to 14 symbols will be present. 

Option 6: 
· The TDRA field / parameter indicates the start S and the length L for one or multiple PUSCH transmissions of the same TB using a gNB configured TDRA table. 
· In case of more than one PUSCH transmission of the same TB, the higher layer configured TDRA table includes for a single TDRA signalling state basically the start and end of each the PUSCH transmission (i.e. several, independent SLIVs).
· In case not all symbols of a PUSCH transmission are available, the PUSCH transmission is to be dropped (aligned with the Rel-15 operation)
· The orphan symbol issue needs to be handled by proper configuration of the TDRA table entries (i.e. handled by gNB implementation). 
· This option allows by gNB configuration of the TDRA table to operate more according to mini-slot repetition or more according to multi-segment transmission operation (so hybrid / compromised mode based mainly on gNB configuration). 

We compare the different options in the following subsection. 

2.2 Comparison of options 4, 5 and 6
Looking at the properties in the previous section, the first thing to note here is that for Option 4 (depending on the nominal number of repetitions K) and Option 6 (depending on the number of SLIVs of a TDRA table entry) the mini-slot repetition is allowed within a single slot /UL period even if the overall transmission occasion spans over more than one slot / UL period. In contrast for Option 5, this is not possible (and prevented by design) as there is only a single PUSCH transmission instance per slot / UL period whenever the overall transmission occasion spans over more than one slot / UL period. Especially considering the rather split views on the need for mini-slot repetition within a slot, we think that Option 5 in this respect is not really able to address the concerns of the companies in the favour of support of mini-slot repetition. 
Moreover, as already pointed out in the previous subsection, depending on the actual start of the overall PUSCH transmission over (K*L) symbols for Option 5, the size of the transmission segments will vary a lot which will complicate the perfect MCS / TBS determination and related RV mapping (as shown by different companies by LL evaluations during the SI phase). In contrast, with Options 4 and 6 we feel the gNB is in better control of these problems there. In short, we don’t really see any advantages of Option 5 compared to Options 4 and 6 but on the other hand Option 5 cannot support mini-slot repetition by design. Therefore, we focus in our further discussions on either Option 4 or Option 6 specification. 

Observation 1: Option 5 does not allow mini-slot repetition operation in case the overall transmission instance spans across the slot boundary / UL periods which seems rather restrictive by design. MCS / TBS determination issues for uneven transmission segments identified during the SI are present for Option 5 and cannot be that well controlled by the gNB compared to Options 4 and 6. 

Proposal 1: Do not support Option 5 for PUSCH enhancements and focus the further discussions on down-selection between Option 4 and Option 6. 

Overall, Option 4 and Option 6 provide the same flexibility as such (being more flexible compared to Option 5) but the flexibility in terms of mini-slot versus multi-segment transmission is either given by combination of repetition factor and PUSCH length (i.e. K and L) for Option 4 or by the respective number of SLIVs for Option 6. 

Before discussing the pros/cons a bit more in detail, let us first discuss some of the FFS points for the two options here to have the full picture of the two remaining competing options available when comparing them. 

For Option 4 operation, we think the dynamic repetition indication K in the scheduling DCI will be required for different service types and may also be depending on the starting point of the PUSCH transmission within the slot / UL period.

Proposal 2: If Option 4 is supported, the repetition factor K is dynamically indicated in the respective UL grant for scheduled PUSCH.
· Number of bits and mapping to repetition factor are FFS. 

There had been a long discussion during RAN1#96, if there is a need to support L>14, as anyhow for L>14 symbols at least 2 repetitions will be needed (although the nominal number of repetitions would be K=1) and therefore, we believe that the ability to use e.g. K=2 with L<=14 should be sufficient as this will just lead to one more PUSCH repetition. So, from this perspective we do not see a need to support L>14 symbols. Moreover, in case L<=14 symbols (as in Rel-15), this will simplify the TBS determination discussions as the Rel-15 the TBS determination procedure could be directly reused (i.e. L & MCS directly defining the TBS size). Finally, we don’t see an imminent need for a larger TDRA field size.

Proposal 3: If Option 4 is supported, the Rel-15 limitations in terms of number of symbols L (i.e. L<=14), the TDRA field / parameter size (i.e. 4bits) and the related Rel-15 TBS determination procedure is to be reused. 

One FFS point raised at RAN1#96 for Option 6 has been whether the TDRA field size is to be kept or increased. The comparison of the competing remaining options would need to be on fair, equal terms with respect to the signalled bits / total number of entries here. As for Option 4, we are proposing to include the dynamic repetition indication K in the scheduling UL grant, these additional bits should be equally available also for Option 6 operation to provide the same flexibility by increasing the number of bits in the TDRA by the number of bits for repetition for Option 4. Operating only with 4 bits in total will limit the dynamic flexibility to choose the individually indicated PUSCH repetitions for Option 6. 

Proposal 4: If Option 6 is supported, the TDRA field / parameter size can be increased to provide the needed flexibility for URLLC PUSCH operation. 
· FFS on maximum number of bits. 

The proponents of Option 6 pointed out during the RAN1#96 discussions, that basically by having the TDRA table fully higher layer configured by the gNB, the gNB will be able to allow all different types of operation. When thinking this through a bit further, we have identified some issues of Option 6 operation for PUSCH enhancements for configured grant and scheduled PUSCH operation: 
· Looking at (dynamic) TDD, the gNB would basically need to take all the possible UL start and ending points into account when configuring the larger TDRA table. Therefore, Option 6 is not very well suited for dynamic TDD operation as in case of conflict with a DL symbol the whole transmission instance is to be dropped – in contrast for Option 4, the PUSCH transmission instance will just be segmented. Alternatively, the TDRA table can be configured many more entries to provide customized entries for each possible start and ending point to avoid dropping. But this could significantly increase the TDRA field size.
· This will become especially an issue for CG operation that is to use the same larger TDRA table in here. In case of mis-match of the TDRA table entry for a certain CG configuration, depending on the usage of flexible symbols a transmission may be dropped – which is somehow against the ideas discussed in the CG enhancements where the intention has been to guarantee a certain number of PUSCH symbols in total (denoted with ‘guaranteed K repetitions’ there). For Option 4 due to the segmentation, such miss-match would be handled automatically be design. 
· Moreover, we see that Option 6 is not well suited for the underlying idea of having CG configuration groups or a single CG configuration to cross the periodicity boundary (discussed in our CG TDoc [3]). There the baseline idea is, that the different CG starting points are only offset in time by a few symbols. If we decide to go for Option 6 in there, this means that for each possible starting instance a different TDRA would need to be indicated – requiring for Type 1 CG independent configuration of TDRA for each offset and for Type 2 CG independent activation commands for each of the starting points (which is somehow against the idea & philosophy of  CG configuration groups or S-CG configuration to cross the periodicity boundary). For option 4 in contrast, as the segmentation is done across the slot /UL period boundary this will not be an issue there. Therefore, we feel that Option 6 is having some major restrictions when looking at the discussed Rel-16 CG enhancements. 

Observation 3: The interaction of Option 6 with (flexible) TDD may result in possible PUSCH transmission dropping. For CG operation, this will impact the reliability negatively (i.e. no guaranteed number of PUSCH symbols / repetitions). 

Observation 4: Option 6 is having severe limitations in terms of discussed Rel-16 CG enhancements, such as CG configuration groups and/or single CG configurations to cross the periodicity boundary for both FDD and TDD. 

Due to these limitations not present with Option 4, we suggest supporting Option 4 PUSCH enhancements in Rel-16. 

Proposal 5: Support PUSCH enhancements according to Option 4, as Option 4 is having less limitations compared to Option 6 with respect to TDD operation as well as specifically considering the intended Rel-16 URLLC CG enhancements. 
 
3	Conclusions
In this contribution, we discussed the details of the needed PUSCH enhancements based on the WID in [1] and previous RAN1 conclusions and agreements. 
The discussions lead to the following proposals and observations: 
Observation 1: Option 5 does not allow mini-slot repetition operation in case the overall transmission instance spans across the slot boundary / UL periods which seems rather restrictive by design. MCS / TBS determination issues for uneven transmission segments identified during the SI are present for Option 5 and cannot be that well controlled by the gNB compared to Options 4 and 6. 

Proposal 1: Do not support Option 5 for PUSCH enhancements and focus the further discussions on down-selection between Option 4 and Option 6. 

Proposal 2: If Option 4 is supported, the repetition factor K is dynamically indicated in the respective UL grant for scheduled PUSCH.
· Number of bits and mapping to repetition factor are FFS. 

Proposal 3: If Option 4 is supported, the Rel-15 limitations in terms of number of symbols L (i.e. L<=14), the TDRA field / parameter size (i.e. 4bits) and the related Rel-15 TBS determination procedure is to be reused. 

Proposal 4: If Option 6 is supported, the TDRA field / parameter size can be increased to provide the needed flexibility for URLLC PUSCH operation. 
· FFS on maximum number of bits. 

Observation 3: The interaction of Option 6 with (flexible) TDD may result in possible PUSCH transmission dropping. For CG operation, this will impact the reliability negatively (i.e. no guaranteed number of PUSCH symbols / repetitions). 

Observation 4: Option 6 is having severe limitations in terms of discussed Rel-16 CG enhancements, such as CG configuration groups and/or single CG configurations to cross the periodicity boundary for both FDD and TDD. 

Proposal 5: Support PUSCH enhancements according to Option 4, as Option 4 is having less limitations compared to Option 6 with respect to TDD operation as well as specifically considering the intended Rel-16 URLLC CG enhancements. 
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