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[bookmark: _Ref521334010]Introduction
The URLLC work item was approved in RAN#83 [1]. PUSCH enhancements for both grant-based PUSCH and configured grant based PUSCH is one of the objectives in the WID noted as:
[bookmark: OLE_LINK5]Detailed objectives of the work item are the following:
· …
· 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 work in this item shall follow the agreements made during the study item.
At RAN1#96bis [2], PUSCH enhancements have been discussed and the following agreements were reached:
Agreements:
· Option 5 is not considered further as part of PUSCH enhancements.

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

In this contribution, further discussion on option 4 and option 6 is provided.
Discussion
Option 4 and 6 are as follows. 
· Option 4: 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. 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.
· Option 6: The number of repetitions, starting symbols of each repetition, length of each repetition, and mapping of the repetitions to slots can be obtained from the the higher layer configured table. Then entry is provided by the time domain resource assignment (TDRA) field in the DCI or the TDRA parameter in the type 1 configured grant.
In this section, we first discuss the remaining issues for option 4 and option 6 respectively and then compare the two options.
Remaining issues for option 4
Dynamic indication of number of repetitions
As agreed in last meeting, for option 4, dynamic indication of the nominal number of repetitions in the DCI is supported for grant-based PUSCH and it can be enabled or disabled by the gNB. It is proposed that gNB can semi-statically enable or disable the dynamic indication. If dynamic indication is disabled, the number of repetitions can be semi-statically configured as in Rel-15. If dynamic indication is enabled, there are two alternatives to indicate the nominal number of repetitions to UE in DCI.
· Alt 1: A separate DCI field is used to indicate the nominal number of repetitions. 
· Alt 2: The nominal number of repetitions is implicitly indicated by TDRA field in DCI. 
For Alt 1, the set of nominal numbers of repetitions is predefined or preconfigured. A separate DCI field is used to indicate one of the nominal numbers of repetitions from the set. For example, if the nominal numbers of repetitions of {1, 2, 3, 4, 5, 6, 7, 8} are supported, 3 bits are needed for the nominal number of repetitions indication field. 
For Alt 2, for each entry in the TDRA table, in addition to K and SLIV, nominal number of repetitions is also configured. For the same K and SLIV, multiple entries may be configured for different nominal numbers of repetitions.
For Alt 1, since the TDRA and nominal number of repetitions are separated indicated, for each TDRA entry, gNB can dynamically indicate any nominal number of repetitions, i.e. any combination of nominal number of repetitions and TDRA entry is supported. Alt 2 can achieve the same flexibility with the same DCI overhead but higher RRC signaling overhead. On the other hand, Alt 2 can exclude some combinations of nominal number of repetitions and TDRA entry which may potentially reduce the DCI overhead.
Proposal 1: further discuss whether the nominal number of repetitions is indicated in a separate DCI field or implicitly in TDRA field.  
Interaction between DL/UL
In Option 4, TDRA field in DCI or TDRA configuration for type 1 configured grant indicates the number of symbols of the first “nominal” repetition L. 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. 
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]L * K can either represents the total number of actual number of symbols for UL transmission or the total number of nominal number of symbols among which valid UL symbols are used for transmission. For grant-based PUSCH, gNB can dynamically adjust TDRA and K to meet the latency and reliability requirement. But for configured grant PUSCH, since available symbols may be quite different in different periods but only one set of L and K is configured/indicated, it may be difficult to ensure the required number of symbols for UL transmission in some period(s) if L * K is the total number of nominal number of symbols. Therefore, in order to ensure reliability, it is better to define L * K to be the total number of actual number of symbols for UL transmission. Then in case any of the symbols of PUSCH repetition is flexible or DL symbol, UE needs to postpone the repetition which may exceed the latency budget. 
In order to consider both latency and reliability, it is proposed to configure maxL, in unit of symbols, which is determined based on the latency budget. For each PUSCH transmission with repetitions, PUSCH is postponed within maxL symbols if the symbol(s) is not available, and UE stops the PUSCH transmission after maxL symbols. An example is shown in Figure 1 where L=2, K=4 and maxL=8. For case 1, 4 repetitions are transmitted within maxL symbols and for case 2, the last repetition is dropped since it exceeds the latency budget if transmitted. 


(a) Case 1


(b) Case 2
Figure 1: Maximum latency limitation for K repetitions
Proposal 2: at least for configured grant PUSCH, maxL is configured as the maximum time window during which PUSCH is allowed to be transmitted and during the window PUSCH is postponed if some symbol(s) is not available while UE stops PUSCH transmission if the PUSCH exceed the window.
Issues caused by splitting 
Frequency hopping
At RAN1 AH#1901 [5], it was agreed already that at least inter-PUSCH-repetition and inter-slot hopping is to be supported for Option 1.
· 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
For Option 4, as agreed for Option 1, both the inter-PUSCH-repetition hopping and the inter-slot hopping should be supported. On one hand, too many hops of frequency hopping may result in fragmented spectrum, which will impact the total system performance. On the other hand, the diversity gain will not be obvious when the number of hops is larger than 2. Thus the number of hops could be limited to 2.
If a “nominal” repetition goes across the slot boundary or DL/UL switching point, this “nominal” repetition is split into multiple PUSCH repetitions, with one PUSCH repetition in each UL period in a slot. Some of the repetitions could be very short, compared with the “nominal” repetition. As shown in Figure 2(a), the diversity gain is very small because only small part of transmissions on the second frequency resource block. Thus, we propose that no frequency hopping is applied among multiple repetitions belonging to one “nominal” repetition, as shown in Figure 2(b).



(a)


(b)
Figure 2: No frequency hopping among multiple repetitions belong to one same “nominal” repetition
Proposal 3: No frequency hopping is applied among multiple repetitions belonging to one “nominal” repetition.
RV determination
If a “nominal” repetition goes across the slot boundary or DL/UL switching point, this “nominal” repetition is split into multiple PUSCH repetitions. PUSCH durations of different repetitions may be quite different. In this case, RV determination method in Rel.15 is not optimal anymore. For example, some RV may be associated with a quite short repetition, which will degrade the decoding performance.
We think there are two potential solutions to handle this case as shown in Figure 3.
· Alt 1: RV determination and rate matching are performed on a “nominal” repetition basis, i.e. same RV and rate matching are performed for multiple repetitions belonging to one “nominal” repetition
· Alt 2: RV determination and rate matching are performed for adjacent PUSCHs within the slot with one of them shorter than minL and minL is configured by gNB


Figure 3: RV handling due to splitting of a “nominal” repetition
Proposal 4: Discuss RV handling due to splitting of a “nominal” repetition.
TBS determination
Two TBS determination methods were discussed in previous meetings. Method 1 is based on the number of REs of one repetition only, for example the longest repetition or the shortest repetition; Method 2 is based on the number of REs of all the repetitions. 
If the TBS is based on the number of REs of all the repetitions, i.e. Method 2, the self-decodable ability in each individual repetition may be affected, which will affect early decoding and then cause additional latency. For example, part of systematic bits may be lost in a repetition, especially in a quite short repetition came from splitting. The decoding of that repetition will fail. Thus, Method 2 is not applicable for Option 4 and Option 6. 
If the TBS is based on the number of REs of one repetition, i.e. Method 1, for example the longest repetition, there may be mismatch issue between modulation order and base graph which may hurt the decoding performance.
For tradeoff and simplicity, we propose that TBS determination should be based on the duration L of a “nominal” repetition. 
Proposal 5: TBS determination should be based on the duration of a “nominal” repetition, i.e. L.
Remaining issues for option 6
TDRA table design
The main concern for option 6 is the overhead and flexibility by indicating resource allocation for all repetitions. It is determined by how the TDRA table is designed. There can be two alternatives for the TDRA table design:
Alt 1: each TDRA entry consists of multiple SLIVs, where the number of SLIVs equals to number of repetition. In this way, time domain resource allocation for each repetition is provided. Each SLIV itself can be reused from Release 15 and maybe some optimization can be made to reduce TDRA table size.
Alt 2: Each TDRA entry provides N SLIVs, and repetition factor K is signalled by DCI, then first K SLIVs may be taken from the TDRA entry. 
Alt 1 can provide more flexible time domain resource allocation than Alt 2 while Alt 2 can reduce the TDRA table size. For Alt 1, if extension is directly based on the current TDRA table, it will need 16*8 rows (16 is the current table size and 8 is for K ranges from 1 to 8). One possible optimization method is to do optimization based on the current TDRA table considering that there may be typical K and L configurations for each service/traffic type with specific latency and reliability requirement. So the TDRA table does not need to be as large as 16*8 rows. For Alt 2, the TDRA table size will be much smaller since each TDRA entry can provide SLIV for different K. The reason for such design is that the TDRA table designed by Alt 1 may have two rows that the elements in one row are included as the first few elements in another row. For example, there may be a case: “S1=2, L1=2; S2=4, L2=2” is indicated by a TDRA entry row index 1 for K=2 and another TDRA entry row index 2 provides “S1=2, L1=2; S2=4, L2=2; S3=6, L1=2; S2=8, L2=2” for K=4. So there may be no need to design the TDRA table with separate rows for different K. But Alt 2 still requires DCI or semi-static configuration to indicate repetition number. 
Moreover, for both methods, in order to avoid conflicts with DL/UL switching point, SRS, PUCCH, etc., it needs to take various frame structures, SRS, PUCCH configurations, etc. into account. Thus the TDRA table size will be larger.
Proposal 6: TDRA table design for option 6 needs further discussion.
Resource conflicts with DL symbols
For dynamic 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 option 6, conflicts with DL symbols can be avoided by TDRA entry selection if the TDRA table is large enough and have considered possible frame structure and configurations.  However, to consider all possible slot format configurations in the TDRA table is impossible and will cause very high signaling overhead. There may be a case when gNB can’t find a TDRA entry that has no conflict with DL symbols for each repetition and doesn’t exceed latency limitation. In this case, if the first option “it is not expected that the resource allocation has conflict with semi-static DL symbol(s)” is applied, then gNB can only select a non-conflict TDRA entry outside the latency budget. The PUSCH transmission is meaningless for this case. If the second option “if the resource allocation has conflict with semi-static DL symbol(s), the repetition is not transmitted.” is applied, repetitions with conflict are dropped while other repetitions without conflict can still be transmitted. This PUSCH can have possibility to succeed even though repetition number is lowered. 
Proposal 7: For option 6, for dynamic PUSCH, if the resource allocation has conflict with semi-static DL symbol(s), the repetition is not transmitted.
2. For configured grant PUSCH
	Agreements:
For option 6,
· 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. 
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]FFS For the first PUSCH (including all repetitions) associated with the type 2 configured grant activation, follow the same handling as dynamic PUSCH.



Issue 1: 
FFS: If a repetition conflicts with dynamically indicated DL symbol(s) (via format 2_0), the repetition is not transmitted.
For R-15, CG PUSCH can only be transmitted on symbols indicated as uplink by SFI.  Following descriptions are captured in section 11.1.1 of TS38.213.
If the UE is configured by higher layers to transmit PUCCH, or PUSCH, or PRACH in the set of symbols of the slot, the UE transmits the PUCCH, or the PUSCH, or the PRACH in the slot only if an SFI-index field value in DCI format 2_0 indicates the set of symbols of the slot as uplink. 
If a UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in a set of symbols of a slot and the UE detects a DCI format 2_0 with a slot format value other than 255 that indicates a slot format with a subset of symbols from the set of symbols as downlink or flexible, or the UE detects a DCI format 1_0, DCI format 1_1, or DCI format 0_1 indicating to the UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then 

-	the UE does not expect to cancel the transmission in symbols from the subset of symbols that occur, relative to a last symbol of a CORESET where the UE detects the DCI format 2_0 or the DCI format 1_0 or the DCI format 1_1 or the DCI format 0_1, after a number of symbols that is smaller than the PUSCH preparation time  for the corresponding PUSCH processing capability [6, TS 38.214]
-	the UE cancels the PUCCH, or PUSCH, or PRACH transmission in remaining symbols from the set of symbols and cancels the SRS transmission in remaining symbols from the subset of symbols. 
With the same consideration of R-15, a repetition should not be transmitted if it conflicts with dynamically indicated DL symbol(s) (via format 2_0).
Proposal 8: For option 6, 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.

Issue 2: 
FFS: For the first PUSCH (including all repetitions) associated with the type 2 configured grant activation, follow the same handling as dynamic PUSCH.
For type 2 CG PUSCH, it is not expected at the UE that the resource allocation has conflict with dynamically indicated DL symbol(s) (via format 2_0) since the resource allocation is indicated by gNB for type 2 CG PUSCH. The gNB is not expected to indicate a SFI value with conflicts.  If the first PUSCH of the type 2 CG PUSCH has conflicts with semi-static DL symbols, the collided repetitions will be dropped if following dynamic PUSCH handling. The Configured Grant Confirmation MAC CE can be delivered to gNB along with PUSCH repetitions which are not dropped. Moreover, the MAC CE enhancement is under discussion in RAN 2 that the MAC CE may transmit not only on resources the same as the activated CG PUSCH configuration resources. Some mechanisms can be introduced to inform gNB the activated configuration. Therefore, it is feasible to handle the first PUSCH (including all repetitions) follow the same handling as dynamic PUSCH. 
Proposal 9: For the first PUSCH (including all repetitions) associated with the type 2 configured grant activation, follow the same handling as dynamic PUSCH.
Comparison of option 4 and 6
From the perspective of transmission flexibility, both option 4 and 6 can support mini-slot repetition and multi-segment scheme. The main difference is to indicate the time domain resource for the first repetition or all repetitions. It may have impact on resource conflict avoidance/handling, signaling overhead and flexibility issues. 
 (1) Conflict avoidance
Since time domain resource allocation for all repetitions are indicated by a TDRA table entry, option 6 can avoid resource conflicts with DL symbols/SRS/PUCCH by selecting a TDRA entry that has no conflict for each repetition. For dynamic PUSCH, gNB can dynamically determine TDRA every time and indicate to UE by DCI. Conflict avoidance can be realized flexibly. For CG PUSCH, TDRA selection can be conducted just like dynamic PUSCH to avoid conflicts. However, slot format pattern, SRS and PUCCH resources may vary for different slots, which may need different TDRA to avoid conflicts. But the TDRA in activated configuration can’t be adjusted dynamically. The selected resource may skip conflicts in some case, while still collide in other cases. It should also be noted that above conflict avoidance is based on the premise that the configured TDRA table is large enough and has taken into account various collision cases so that at least one TDRA entry can be found to avoid such conflicts. If so, when designing TDRA table, all related issues such as frame structure, slot format, SRS resource configuration, PUCCH resource configuration, starting symbol, L and K, etc., need to be considered, it may lead to a too large TDRA table.
Observation 1: For option 6, dynamic PUSCH can avoid conflicts with DL symbols/SRS/PUCCH/ while CG PUSCH can’t dynamically avoid conflicts. Conflict avoidance should be based on a large enough TDRA table that has taken into account various collision cases.
For option 4, time domain resource allocation is indicated for only the first repetition. There may be conflicts with DL symbols/SRS/PUCCH for remaining repetitions for both dynamic PUSCH and configure grant PUSCH.  For dynamic PUSCH, the gNB may avoid PUCCH/SRS conflicts by better arranging the start position of the first repetition, L and K as shown in the figure. One possible issue caused by such handling is the latency issue, that the PUSCH should be transmitted as soon as possible to meet stringent latency requirement for some use cases. The PUSCH may need to wait for a long time if the whole L*K symbols are calculated to skip the DL symbols/SRS/PUCCH. But services/traffic types transmitted on dynamic PUSCH may have not very stringent latency requirement considering the SR and UL grant latency. 


Figure 1 (a): Starting symbol = #2, K = 2, L = 4 for option 4


Figure 1 (b): Starting symbol = #10, K = 2, L = 4 for option 4

For CG PUSCH where time domain resource allocation can’t be dynamically adjusted, such handling can’t dynamically avoid conflicts even though such determination may also be handled at UE side. 
Observation 2: For option 4, dynamic PUSCH can avoid conflicts by better arranging time domain resource allocation for the first repetition. Such handling may cause latency issue. CG PUSCH can’t dynamically avoid conflicts.
 (2) Signaling overhead
For RRC signalling overhead, option 6 will surely have higher RRC signalling overhead than option 4 by introducing larger TDRA table. 
The DCI overhead for option 4 and option 6 is discussed as following:
For option 4, if Alt 1 (as discussed in subsection 2.1.1) is selected, for dynamic PUSCH, 3 bit explicit repetition number indication field to indicate at most 8 repetitions and 4 bits TDRA field for the first repetition are needed. Alt 2 may have smaller size explicit repetition number indication field than Alt 1. For Alt 3, no explicit repetition number indication field but the TDRA field may need to be expanded. Thus, the DCI overhead may be increased by 1-3 bits for option 4. The exact payload increment depends on which method will be used for repetition number indication.
For option 6, if Alt 1 is selected, at least 7 bit TDRA field mapped to 16*8 rows are needed for TDRA table design Alt 1. More bits will be needed to take various frame structures, slot formats, SRS, PUCCH configurations, etc. into account. But no need to add the repetition number field. If Alt 2 is applied, additional bits than 4 bit TDRA field will be needed considering various frame structures, slot formats, SRS, PUCCH configurations, etc. The repetition number field is the same as option 4. The extra DCI overhead for option 6 compared to option 4 is introduced by the intension to avoid resource conflict and DL/UL switching point. However, as we have discussed, such conflicts can’t be avoided thoroughly if the TDRA table size is not large enough to consider all possible collision cases.
(3) Summary
According to above analysis, the comparison of option 4 and option 6 is summarized in following table:
	
	Option 4
	Option 6

	Resource conflict avoidance with DL symbols/SRS/PUCCH
	Dynamic PUSCH can avoid conflicts by better arranging time domain resource allocation for the first repetition. Such handling may cause latency issue. 
Configure grant PUSCH can’t dynamically avoid conflicts.
	If the TDRA table is large enough to consider all possible collision cases, resource conflicts with DL symbols/SRS/PUCCH can be avoided for dynamic PUSCH.
For configure grant PUSCH, conflicts can’t be avoided dynamically.

	Overhead
	Lower RRC signalling overhead than option 6.
1 to 3 bits may be increased in DCI.
	Higher RRC signalling overhead due to expanded TDRA table.
The TDRA field in DCI needs to be expanded.

	Flexibility for resource allocation
	Resource allocation for the first repetition is indicated. Resource determination for remaining repetitions is more flexible than option 6. 
	Resource allocation for all repetitions is indicated. Once collided with DL symbols, the repetition should be dropped.



Proposal 10: Option 4 is preferred.
Conclusion
This contribution discussed option 4 and 6 with the following proposals and observations.
Observation 1: For option 6, dynamic PUSCH can avoid conflicts with DL symbols/SRS/PUCCH/ while CG PUSCH can’t dynamically avoid conflicts. Conflict avoidance should be based on a large enough TDRA table that has taken into account various collision cases.
Observation 2: For option 4, dynamic PUSCH can avoid conflicts by better arranging time domain resource allocation for the first repetition. Such handling may cause latency issue. CG PUSCH can’t dynamically avoid conflicts.
Proposal 1: further discuss whether the nominal number of repetitions is indicated in a separate DCI field or implicitly in TDRA field.  
Proposal 2: at least for configured grant PUSCH, maxL is configured as the maximum time window during which PUSCH is allowed to be transmitted and during the window PUSCH is postponed if some symbol(s) is not available while UE stops PUSCH transmission if the PUSCH exceed the window.
Proposal 3: No frequency hopping is applied among multiple repetitions belonging to one “nominal” repetition.
Proposal 4: Discuss RV handling due to splitting of a “nominal” repetition.
Proposal 5: TBS determination should be based on the duration of a “nominal” repetition, i.e. L.
Proposal 6: TDRA table design for option 6 needs further discussion.
Proposal 7: For option 6, for dynamic PUSCH, if the resource allocation has conflict with semi-static DL symbol(s), the repetition is not transmitted.
Proposal 8: For option 6, 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.
Proposal 9: For the first PUSCH (including all repetitions) associated with the type 2 configured grant activation, follow the same handling as dynamic PUSCH.
Proposal 10: Option 4 is preferred.
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