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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. 
At RAN1#96bis, it has been agreed to not consider option 5 any longer: 
Agreements:
· Option 5 is not considered further as part of PUSCH enhancements.
Moreover, more details on the remaining two main options have been agreed in RAN1#96bis to improve the companies understanding when deciding on the support of either option 4 or option 6: 
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 option 6,
· For dynamic PUSCH
· For semi-static DL symbol(s), to down-select
· Option 1: it is not expected that the resource allocation has conflict with semi-static DL symbol(s).
· Option 2: if the resource allocation has conflict with semi-static DL symbol(s), the repetition is not transmitted.
· For dynamically indicated DL symbol(s) (via format 2_0), it is not expected at the UE that the resource allocation has conflict with dynamically indicated DL symbol(s).
· Note: this is the same as Rel-15 behavior.
· For configured grant PUSCH,
· For type 1 configured grant PUSCH, and PUSCH other than the first PUSCH (including all repetitions) associated with the type 2 configured grant activation,
· If a repetition conflicts with semi-static DL symbol(s), the repetition is not transmitted. 
· FFS: If a repetition conflicts with dynamically indicated DL symbol(s) (via format 2_0), the repetition is not transmitted. 
· FFS For the first PUSCH (including all repetitions) associated with the type 2 configured grant activation, follow the same handling as dynamic PUSCH.


Agreements:
· For option 6, at least for dynamic grants, it is not expected that one repetition (i.e., one SLIV) spans across slot boundary.

Agreements:
For both option 4 and 6, frequency hopping is supported
· FFS details

[bookmark: _Toc415085486][bookmark: _Toc503902285]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 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.
In the following sections, we discuss further details of option 4 operation in Sec. 2 and option 6 in Sec. 3, before comparing the two remaining options in Sec. 4. 
2	Further details on option 4 PUSCH enhancements 
One issue not discussed too much yet is how the TDRA of option 4 interacts with flexible TDD including the SFI indication. There seemed to be two different approaches discussed by other companies, where for Alt. 1 the indicated number of symbols K*L are actually transmitted, meaning the total duration of the PUSCH duration (from first till last transmitted PUSCH symbol) will be longer than K*L in case UL/DL switching. In contrast for Alt. 2, the indicated number of symbols K*L define the start and the end of the PUSCH transmission and in case of UL/DL switching the actual number of PUSCH symbols will be smaller than K*L. These two alternatives are exemplarily sketched in Figure 1 for K=4 and L=4 below. 
[image: ]
Figure 1: Two different approaches to the time-domain resource allocation definition for TDD. (a) Alt. 1 guaranteeing K*L PUSCH symbols and (b) Alt. 2 restricting the total PUSCH duration to K*L symbols.  
When comparing the two approaches in this example, Alt. 2 is having a fixed mapping of a nominal repetition to the resources in mind regardless of the UL/DL directions. Therefore, in case of UL/DL switching some of the nominal repetitions may have much less PUSCH symbols than indicated (as shown for the 2nd and 3rd nominal repetition above) and the probability of having segments with a very small number of PUSCH symbols (such as a single symbol) may be higher consequently. Overall, depending on the number of DL symbols within the PUSCH transmission window the number of actually transmitted PUSCH symbols can only be a (small) portion of the allocated nominal number of PUSCH symbols K*L. For dynamically scheduled PUSCH, the gNB can take this into account by assigning more nominal symbols to get the needed number of transmitted PUSCH symbols in the end for Alt. 2, but then this would not be any different compared to Alt.1 as there the gNB would be equally aware of the prolonged total transmission time for Alt. 1 when issuing the dynamic grant. 
While for dynamic PUSCH scheduling the effective reduction of PUSCH symbols for Alt. 2 can be taken into account in the scheduling decision, for CG PUSCH operation this will not be possible. As one of the initial targets for CG PUSCH enhancements has been ‘guaranteeing K repetitions for reliability’ (i.e. guaranteeing sufficient number of PUSCH symbols) during the SI phase, we think that Alt. 1 TDRA operation is more suitable at least for CG PUSCH operation. Therefore, we prefer the definition of Alt. 1 for option 4 PUSCH enhancements. 
[bookmark: _Hlk7428648]Proposal 1: For option 4, the time domain resource determination is to guarantee K*L actually transmitted symbols for PUSCH transmission for both dynamic and CG PUSCH operation. The overall PUSCH transmission duration (start / end) for TDD may therefore be longer than K*L symbols.
For option 4, RAN1 would further need to determine which symbols are valid for PUSCH transmission for TDD for dynamic and CG PUSCH operation as partially already clarified for option 6 during RAN1#96bis. Clearly, semi-static DL symbols should not be valid for option 4 PUSCH mapping. With respect to the usage of dynamic SFI indication, if the UE is to take the SFI into account then only dynamically indicated DL symbols would be in addition not applicable for PUSCH mapping. If the SFI is not taken into account, that would mean that the UE would only map PUSCH option 4 to higher layer configured UL symbols, as the higher layer configured flexible symbols may be dynamically changed to DL symbols through SFI signalling. This would lead to rather large inefficiencies for TDD with dynamic SFI indication. Thus, we propose the UE to monitor for SFI (if configured) and take the SFI information into account in the determination of valid symbols for PUSCH option 4 mapping. Consequently, we propose: 


Proposal 2: For option 4, for dynamic PUSCH and type 1 and type 2 configured grant PUSCH,
· Semi-static DL symbol(s) are not valid symbols for PUSCH transmission mapping. 
· Dynamically indicated DL symbol(s) (via format 2_0) are not valid symbols for PUSCH transmission mapping.
There had been a long discussion during RAN1#96 and RAN1#96bis, 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. Especially, as K*L defines the number of valid PUSCH symbols, there seems to even less motivation for L>14. 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). 

Proposal 3: For Option 4, L<=14 and the related Rel-15 TBS determination procedure is to be reused. 
The dynamic indication of the repetitions was agreed during RAN1#96bis – but some details are still missing as noted in the agreement above. On the dynamic indication of the repetition, the options of having a separate repetition field in the DCI as well as including the number of repetitions K as part of the TDRA table configuration has been discussed. Both are valid options but the inclusion of the repetition factor K in the TDRA table could more efficiently use the combination of repetitions K and PUSCH length L, as clearly for smaller L larger repetitions numbers may be required (e.g. K=8 with L=2 when operating with mini-slot repetition) whereas for larger L, clearly very larger numbers of repetitions may not be required. This could be considered in the TDRA table configuration and could potentially save some bits in the signalling of the option 4 TDRA allocation compared to the brute-force operation of having separate indication of K and SLIV of the first nominal repetition. We would like to note here, that this indication alternative has similarities with the signalling method of option 6, where also for each TDRA table entry a specific number of repetitions is associated. Therefore, for both options the same TDRA table size can be considered when comparing the two options there. 
Proposal 4: For option 4, the nominal number of repetitions K is jointly indicated with the SLIV of the first repetition as part of the TDRA field indication. The gNB will as part of the TDRA table configuration include the repetition factor K to the TDRA table entries.  
The proposal above would then already clarify the FFS point on the exact mechanism to enable / disable the dynamic repetition indication, as this is based on higher layer configuration of the TDRA table. 
The FFSs on the applicable DCI formats for dynamic repetition indication as well as related to the type 2 CG activation are very much related to the DCI enhancements discussed in AI 7.2.1 and CG enhancements in AI 7.2.6. We therefore think, the related discussions need some further progress on the generic DCI and CG enhancements. Depending on the decisions there, these FFS points may be automatically clarified. We would like to note here, that this applies to both, option 4 and option 6. Therefore, the related discussions should be postponed until having more understanding on these issues. 
Proposal 5: For options 4 and option 6, the discussions on the applicable DCI format for dynamic repetition indication should be postponed until more details of the ‘DCI format scheduling URLLC’ are available. The question on the DCI format activating the CG PUSCH should be discussed in the CG enhancements AI and will be impacted by decisions on ‘DCI format scheduling URLLC’ in AI 7.2.1. 
RAN1 discussed but could not agree on the segmentation operation details applicable to option 4. The following proposal is noted in the chairman’s notes but could not be agreed during RAN1#96bis: 
Proposals:
For option 4, when one nominal repetition is split into multiple repetitions due to segmentation at the slot/UL period boundary,
· For front-loaded-only DMRS, DMRS is transmitted at the beginning of each repetition.
· FFS the case when additional DMRS is configured for the transmission
· FFS whether it is handled differently when there is only one symbol in the repetition
Discuss till next meeting (also consider type A vs. type B DM-RS aspects)
On the front-loaded DM-RS operation, to keep the specification & operation simple we suggest including a front-loaded DM-RS at the start of each transmission segment but do not include any further DM-RS in each transmission segment, independently of indicated type A or type B DM-RS allocation. 
Proposals 6: For option 4, when one nominal repetition is split into multiple repetitions due to segmentation at the slot/UL period boundary, only a single DMRS symbol is transmitted at the beginning of each repetition.
Having the DM-RS usage in case of transmission segments clarified, let’s next consider the usage of single symbol handling for a transmission segment. Overall, as DM-RS needs to be included in each transmission segment, mapping PUSCH to a single orphan symbol does not make sense at all for DFT-s-OFDM based transmission, and does not seem to make sense for CP-OFDM based transmission from overhead point of view. Three different cases need to be considered here: 
· Case 1: There is overall only a single, stand-alone PUSCH symbol available – such as having ‘DL UL DL’ for TDD. In this case, we suggest to not consider this symbol to be valid for PUSCH option 4 mapping and consider this similarly as a semi-statically configured or dynamically indicated DL symbol. 
· Case 2: Only a single PUSCH symbol is available at the start of a repetition at the end of an UL period. Without further optimization, we can count such a symbol in the number of symbols for a repetition but do not transmit the PUSCH there. 
· Case 3: Of a started repetition, there is a single symbol left for the 2nd segment. Similar as for case 2, without further optimization this symbol should be considered as valid symbols for PUSCH transmission, but the PUSCH is not to be mapped there.   
We show the proposed handling of the orphan symbols for the three cases in Figure 2 below: 

[image: ] 
Figure 2: Proposed single orphan symbol handling

Proposal 7: For option 4, the following handling of single orphan UL symbols is to be adopted: 
· In case an UL period is limited to a single UL symbol, this symbol is not considered as a valid symbol for PUSCH mapping. 
· In case a repetition due to segmentation results in a repetition length of a single symbol, the repetition is not transmitted (i.e. dropped).

3	Further details on option 6 PUSCH enhancements 
Plenty of progress on further clarifications / definition for option 6 PUSCH enhancements was achieved during RAN1#96bis. 
For semi-static DL symbol handling with dynamic PUSCH, there are still two options open: 
· Option 1: it is not expected that the resource allocation has conflict with semi-static DL symbol(s).
· Option 2: if the resource allocation has conflict with semi-static DL symbol(s), the repetition is not transmitted.
The first option will result in a scheduling restriction, such that none of the repetitions will be scheduled whereas for Option 2, only the colliding repetitions are to be dropped but the remaining repetitions can still be scheduled (and will be transmitted). From this perspective, we think that Option 1 here will be too restrictive as this depending on the time of issuing the UL grant may prevent a rather large number of entries in the option 6 TDRA table. Having said this, we have already agreed a similar restriction to Option 1 for dynamically indicated DL symbol(s) for dynamic PUSCH. But for configured grant, a conflict is allowed and only the repetitions colliding with semi-static DL symbols are not transmission. We still think the scheduled flexibility for gNB should not be restricted intentionally for option 6 and we propose: 
Proposal 8: For option 6 and dynamic PUSCH, if the resource allocation has conflict with semi-static DL symbol(s), the repetition is not transmitted. 
The following FFS for CG PUSCH option 6 operation is still open: 
· For configured grant PUSCH,
· For type 1 configured grant PUSCH, and PUSCH other than the first PUSCH (including all repetitions) associated with the type 2 configured grant activation,
· If a repetition conflicts with semi-static DL symbol(s), the repetition is not transmitted. 
· FFS: If a repetition conflicts with dynamically indicated DL symbol(s) (via format 2_0), the repetition is not transmitted. 
· FFS For the first PUSCH (including all repetitions) associated with the type 2 configured grant activation, follow the same handling as dynamic PUSCH.
On the first FFS, as also discussed for option 4 above we think that dynamic SFI should be taken into account in CG PUSCH operation to improve the reliability by avoiding unnecessary dropping of a repetition when operating with dynamic NR TDD operation. The second FFS point here refers to the case, if for the activation DCI, all repetitions are to be regarded as valid or if there could be a potential conflict with semi-static or dynamically indicated DL symbols for TDD. If we apply the same handling as for dynamic grant, this will very much restrict the potential timing of sending the CG PUSCH activation and may therefore lead to delays in the CG activation. Therefore, we suggest having the same handling for the activation and the normal CG PUSCH transmissions in here. 
Proposal 9: For option 6 and configured grant PUSCH,
· For type 1 configured grant PUSCH, and PUSCH other than the first PUSCH (including all repetitions) associated with the type 2 configured grant activation,
· If a repetition conflicts with dynamically indicated DL symbol(s) (via format 2_0), the repetition is not transmitted. 
· For the first PUSCH (including all repetitions) associated with the type 2 configured grant activation, 
· If a repetition conflicts with semi-static DL symbol(s), the repetition is not transmitted.
· If a repetition conflicts with dynamically indicated DL symbol(s) (via format 2_0), the repetition is not transmitted. 

4	Comparison of 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. 

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, because either the conflict with a DL symbol is not allowed (e.g. dynamic PUSCH vs. dynamically indicated DL symbol), or in case of conflict with a DL symbol the corresponding transmission instance is dropped. In contrast for Option 4, the PUSCH transmission instance will just be segmented and the number of total transmitted PUSCH symbols can still be guaranteed (to guarantee the required reliability). 
· This will become especially an issue for CG operation. 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 and guaranteed total number of PUSCH symbols, such mis-match would be handled automatically by design. 
· Moreover, we see that Option 6 is not well suited for the underlying idea of having CG configuration groups 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 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 1: 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 2: Option 6 is having severe limitations in terms of discussed Rel-16 CG enhancements, such as CG configuration groups 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 10: 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. 
 
5	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 discussion on further details of option 4 and 6 in sections 2 and 3 can be summarized as: 
Proposal 1: For option 4, the time domain resource determination is to guarantee K*L actually transmitted symbols for PUSCH transmission for both dynamic and CG PUSCH operation. The overall PUSCH transmission duration (start / end) for TDD may therefore be longer than K*L symbols.


Proposal 2: For option 4, for dynamic PUSCH and type 1 and type 2 configured grant PUSCH,
· Semi-static DL symbol(s) are not valid symbols for PUSCH transmission mapping. 
· Dynamically indicated DL symbol(s) (via format 2_0) are not valid symbols for PUSCH transmission mapping.
Proposal 3: For Option 4, L<=14 and the related Rel-15 TBS determination procedure is to be reused. 
Proposal 4: For option 4, the nominal number of repetitions K is jointly indicated with the SLIV of the first repetition as part of the TDRA field indication. The gNB will as part of the TDRA table configuration include the repetition factor K to the TDRA table entries.  
Proposal 5: For options 4 and option 6, the discussions on the applicable DCI format for dynamic repetition indication should be postponed until more details of the ‘DCI format scheduling URLLC’ are available. The question on the DCI format activating the CG PUSCH should be discussed in the CG enhancements AI and will be impacted by decisions on ‘DCI format scheduling URLLC’ in AI 7.2.1. 
Proposals 6: For option 4, when one nominal repetition is split into multiple repetitions due to segmentation at the slot/UL period boundary, only a single DMRS symbol is transmitted at the beginning of each repetition.
Proposal 7: For option 4, the following handling of single orphan UL symbols is to be adopted: 
· In case an UL period is limited to a single UL symbol, this symbol is not considered as a valid symbol for PUSCH mapping. 
· In case a repetition due to segmentation results in a repetition length of a single symbol, the repetition is not transmitted (i.e. dropped).
Proposal 8: For option 6 and dynamic PUSCH, if the resource allocation has conflict with semi-static DL symbol(s), the repetition is not transmitted. 
Proposal 9: For option 6 and configured grant PUSCH,
· For type 1 configured grant PUSCH, and PUSCH other than the first PUSCH (including all repetitions) associated with the type 2 configured grant activation,
· If a repetition conflicts with dynamically indicated DL symbol(s) (via format 2_0), the repetition is not transmitted. 
· For the first PUSCH (including all repetitions) associated with the type 2 configured grant activation, 
· If a repetition conflicts with semi-static DL symbol(s), the repetition is not transmitted.
· If a repetition conflicts with dynamically indicated DL symbol(s) (via format 2_0), the repetition is not transmitted. 

When comparing option 4 and 6 in Sec. 4, the following can be noted:

Observation 1: 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 2: Option 6 is having severe limitations in terms of discussed Rel-16 CG enhancements, such as CG configuration groups to cross the periodicity boundary for both FDD and TDD. 
Proposal 10: 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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