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Introduction
In RAN1#96 and RAN1#96bis, following agreements and conclusion were obtained [1][2].
	Agreements:
· Capture the descriptions of option 1 to 6 (see R1-1903797 and previous agreements) in the TR.
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.

	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, we show our view on enhancements to URLLC PUSCH.
[bookmark: OLE_LINK1]Discussions
In RAN1#96bis, 3 options for PUSCH enhancements which were captured in TR (i.e. option 4/5/6) were discussed and option 5 was removed. Then, further down-selection between remaining 2 options should be considered in this meeting.
	Option 4: multi-segment transmission for a (mini-slot based) repetition crossing slot boundary and/or DL/UL switching point: 
· 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.
· 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.
4 symbols, 4 repetitions
Slot boundary
4 symbols, 2 repetitions
Slot boundary
14 symbols, 1 repetition
Slot boundary
Note: this case requires S+L>14.

Figure 1: Examples of Option 4 for PUSCH enhancements
Option 6: mini-slot based repetition/multi-segment transmission based on RRC configured table
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.



Comparison between option 4 and option 6
The key issues to compare difference between option 4 and option 6 were following:
· Overhead and/or scheduling flexibility
· Avoidance of SRS/PUCCH/other PUSCH/transient period
Overhead and/or scheduling flexibility
One of the main targets on Rel-16 URLLC is low latency case such as < 1 ms and we assume that both mini-slot level repetition and multi-segment transmission are being considered to meet the low latency requirement. Therefore, listed TDRA entries by RRC should be able to cover most of starting symbols as possible (at least, same flexibility as Rel-15) which allows UE to transmit PUSCH as soon as possible after occurring an UL data.
Observation 1:
· To satisfy Rel-16 latency requirement, listed TDRA entries by RRC should be able to cover most of starting symbols (at least, same flexibility as Rel-15)
Main benefit of option 6 is dynamic collision avoidance of dynamically indicated DL symbols and/or semi-static DL symbols by indicated TDRA in DCI. However, such dynamic indication requires different TDRA entries for each collision point. For example, if there are 4 possible collision points within an overall resource of PUSCH repetitions which starts from a certain starting symbol, 16 entries in the TDRA field are required for the certain starting symbol.
In other words,
Current Rel-15 TDRA
16 entries cover “different starting symbols” + “different durations”
Option 4 TDRA
TDRA entries cover “different starting symbols” + “different durations” + “different number of repetitions (can be same/different field in DCI)”
Option 6 TDRA
TDRA entries cover “different starting symbols” + “different durations” + “different number of repetitions” + “switching of dynamic collision avoidance” (by indication of resources of each repetition)
As shown above, option 6 has to be able to indicate much information (more than option 4) by different TDRA entries. Therefore, to obtain the benefit of option 6 (i.e. dynamic collision avoidance by TDRA) with same scheduling flexibility of starting symbol and duration in Rel-15, additional bits in DCI are required irrespective of necessity of additional bits for number of repetitions.
Observation 2:
· To support dynamic collision avoidance in option 6 with same scheduling flexibility as Rel-15, additional bits in DCI are required irrespective of the necessity of additional bits for indication of number of repetitions
Avoidance of SRS/PUCCH/other PUSCH/transient period
Main concern of option 4 is that UE cannot avoid collision with other UL signals (especially other UE’s UL signals) by itself. However, if different frequency resources can be mapped for different UL signals, gNB can avoid such collision cases. If same frequency resource has to be used for different UL signals, some indication of available/non-available UL symbols can be applied in option 4.
Observation 3:
· The collision between PUSCH and other UL signals should be avoided by allocating different resources at the gNB side as possible
Proposal 1:
· Support option 4 to keep scheduling flexibility with less additional bits for TDRA field in DCI

TBS determination
In last meeting, several TBS determination mechanisms were proposed. Based on Rel-15 TBS determination principle, our slight preference is the determination based on nominal duration (i.e. signaled L in DCI) which equals to the longest duration among all repetitions.
Proposal 2:
· TBS is determined based on L signaled in DCI

PUSCH colliding DL symbols
For option 4, one remaining issue is whether to drop or postpone PUSCH TB which collides with semi-static/dynamic DL symbols.
From reliability perspective, postpone is preferable approach since the number of resource for PUSCH repetition is guaranteed. On the other hand, from latency perspective, dropping should be considered since the transmission period for PUSCH repetition is not suffered from the number of DL symbols.
For collision with semi-static DL symbols (i.e. indicated by RRC), UE should assume these symbols are non-available symbols for UL and PUSCH TB allocated on the symbols should be postponed to next available UL symbols. Regarding the latency, gNB can scheduled the duration and/or the number of durations with consideration for the required latency. However, for the case of collision with dynamic DL symbol (i.e. indicated by DCI format 2_0), dropping may be preferable from latency perspective.
Proposal 3:
· For option 4
· OFDM symbols for PUSCH transmission collided with semi-static DL symbols is postponed to later available UL symbols
· OFDM symbols for PUSCH transmission collided with dynamic DL symbols is dropped

Frequency hopping
In RAN1#96bis, support of frequency hopping was agreed though the detail is still FFS. From previous discussion, we assume that introduction of inter-PUSCH frequency hopping up to 2 hops and inter-slot frequency hopping is a baseline. Further discussion point may be the position of hopping point for inter-PUSCH frequency hopping and the necessity of intra-PUSCH frequency hopping.
Regarding the switching point for inter-PUSCH frequency hopping, the switching point should be put at center part of overall resources within the slot from diversity gain perspective. Possible schemes are mainly as following:
Scheme 1: hopping point is around the center of the number of PUSCH repetitions within a slot
Scheme 2: hopping point is around the center of the number of OFDM symbols for all PUSCH repetitions within a slot
Scheme 1 allows UE to define the hopping point by the number of PUSCH repetitions within a slot. It doesn’t require UE complicated operation. However, if the number of symbols per a repetition is different for different repetitions within a slot, the hopping point may be far from the center of overall resources within the slot. Therefore, from performance perspective, scheme 2 may be suitable though it requires UE to calculate the number of symbols to find the middle of overall resources.
Regarding intra-PUSCH frequency hopping, it is not necessary if inter-PUSCH frequency hopping is performed. However, for the case of multi-segment transmission without mini-slot level repetition (i.e. one repetition within a slot), inter-PUSCH frequency hopping doesn’t work. Therefore, if the frequency hopping within a slot is required from performance perspective, the introduction of intra-PUSCH frequency hopping or application of Rel-15 intra-slot frequency hopping for the case of Rel-16 PUSCH repetition should be considered.
Proposal 4:
· At least, inter-PUSCH frequency hopping up to 2 hops and inter-slot frequency hopping are supported
· FFS: definition of hopping point for inter-PUSCH frequency hopping
· Intra-PUSCH frequency hopping is supported for single-segment transmission within a slot if needed
· FFS: whether it is same with Rel-15 intra-slot frequency hopping
DMRS
In RAN1#96bis, following was proposed:
	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)




In current 38.211, the mapping of front-loaded DMRS and additional DMRS is defined by Table 6.4.1.1.3-3 and 6.4.1.1.3-4. In these table,  is defined as “relative to the start of the scheduled PUSCH resources if frequency hopping is disabled and relative to the start of each hop in case frequency hopping is enabled” and  denotes “the duration of scheduled PUSCH resources for PUSCH mapping type B if intra-slot frequency hopping is not used, or the duration per hop according to Table 6.4.1.1.3-6 if intra-slot frequency hopping is used.” 
For option 4 in Rel-16, although same approach can be used, it is not clear whether the unit of “the scheduled PUSCH resource” is nominal length of PUSCH or each segment. Since we assume different segment has different PUSCH, the position of DMRS should be determined per segment. Therefore, same principle as Rel-15 should be applied with clarification of “the duration of scheduled PUSCH resources” is “the duration of scheduled PUSCH resources of each segment” and with removal of “if intra-slot frequency hopping is not used.”
In addition, if intra-PUSCH hopping is applied, same operation can be applied with the case of intra-slot frequency hopping (i.e. operation per hop).
Proposal 5:
· For option 4,
· The mapping of front-loaded DMRS and additional DMRS follows current spec definition with clarification of following:
· 
 is defined relative to the start of the scheduled PUSCH resources of each segment 
·  is the duration of scheduled PUSCH resources of each segment for PUSCH mapping type B
· If intra-PUSCH frequency hopping is introduced, same principle with the case of intra-slot frequency hopping is applied

Conclusion
In this contribution, we have following observations
Observation 1:
· To satisfy Rel-16 latency requirement, listed TDRA entries by RRC should be able to cover most of starting symbols (at least, same flexibility as Rel-15)
Observation 2:
· To support dynamic collision avoidance in option 6 with same scheduling flexibility as Rel-15, additional bits in DCI are required irrespective of the necessity of additional bits for indication of number of repetitions
Observation 3:
· The collision between PUSCH and other UL signals should be avoided by allocating different resources at the gNB side as possible
Then, we would like to propose followings
Proposal 1:
· Support option 4 to keep scheduling flexibility with less additional bits for TDRA field in DCI
Proposal 2:
· TBS is determined based on L signaled in DCI
Proposal 3:
· For option 4
· OFDM symbols for PUSCH transmission collided with semi-static DL symbols is postponed to later available UL symbols
· OFDM symbols for PUSCH transmission collided with dynamic DL symbols is dropped
Proposal 4:
· At least, inter-PUSCH frequency hopping up to 2 hops and inter-slot frequency hopping are supported
· FFS: definition of hopping point for inter-PUSCH frequency hopping
· Intra-PUSCH frequency hopping is supported for single-segment transmission within a slot if needed
· FFS: whether it is same with Rel-15 intra-slot frequency hopping
Proposal 5:
· For option 4,
· The mapping of front-loaded DMRS and additional DMRS follows current spec definition with clarification of following:
· 
 is defined relative to the start of the scheduled PUSCH resources of each segment 
·  is the duration of scheduled PUSCH resources of each segment for PUSCH mapping type B
· If intra-PUSCH frequency hopping is introduced, same principle with the case of intra-slot frequency hopping is applied
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