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Introduction
In RAN1#96, following agreement and conclusion was 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.


In this contribution, we show our view on enhancements to URLLC PUSCH.
[bookmark: OLE_LINK1]Discussions
On study item phase, 6 options for PUSCH enhancements were captured in TR [3]. The abstract of those options were as below:
	Option 1: mini-slot based repetition: One UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots
Option 2: multi-segment transmission: One UL grant scheduling two or more PUSCH repetitions in consecutive available slots, with one repetition in each slot with possibly different starting symbols and/or durations
Option 3: multi-grant based repetition: N (N>=2) UL grants scheduling N PUSCH repetitions on consecutive available slots, with one repetition in each slot, and the i-th UL grant can be received before the end of the PUSCH transmission scheduled by the (i-1)th UL grant
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 5: only multi-segment transmission (i.e. no mini-slot level repetition) for the case that overall resources crosses slot boundary and/or DL/UL switching point:
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.
L=4, K=4
Slot boundary
L=4, K=2

Figure 2: Examples of Option 5 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.



In last meeting, it was concluded that how to use “option 1” vs. “option 2” is discussed during the WI phase using option 4, 5, and 6 as a starting point. For each options, our view is as below:
Option 4 
[bookmark: _Hlk5015025]Option 4 is a simple way to perform both option 1 (i.e. mini-slot based repetition) and option 2 (i.e. multi-segment transmission) with limited TDRA field. From our perspective, mini-slot based repetition is mainly used to obtain beam/frequency diversity quickly within a slot (or multiple slots), and multi-segment transmission is used to avoid latency due to presence of slot boundary or DL/UL switching point which is not allowed to be crossed by one PUSCH repetition. Option 4 can achieve both objectives with low signalling overhead (for DCI and for RRC) by applying implicit mapping rule.
As for one of FFS points on option 4, i.e., the necessity of the maximum value of L >14, that depends on whether nominal repetition on non-available symbols is dropped or be postponed. We assume that 14 symbols for total actual duration of PUSCH with multi-segment transmission are enough. Therefore, if L is equal to actual duration (i.e. nominal repetition on non-available symbols is postponed to next UL period), maximum L should be 14. On the other hand, if actual duration can be smaller than L (i.e. nominal repetition on non-available symbols is dropped), maximum value of L should be more than 14 to support 14 symbols for actual duration. For TDRA field in DCI, same codepoint should be allocated to same actual duration to achieve same transmission performance. From this perspective, we prefer that L indicates actual duration and the maximum value of L is 14. On the other FFS point, i.e. whether the bitwidth for TDRA is up to 4 bits, we discuss it comparing with option 6 below.
Observation 1:
· L > 14 may be necessary only if actual duration of “PUSCH with multi segments” can be smaller than signaled L due to dropping of PUSCH on non-available symbols
· L <= 14 is enough if actual duration of “PUSCH with multi segments” is always same with signaled L (i.e. if PUSCH on non-available symbols are never dropped)
Proposal 1:
· For option 4, L indicates actual duration of PUSCH with one or multi segments and the maximum value of L is 14
One drawback of option 4 is that it still have orphan symbol issue when first symbol or last symbol in a nominal repetition is separated by a slot boundary or by a DL/UL switching point. If one symbol repetition is not allowed due to DMRS allocation, dropping/postpone of the one symbol or limitation of mapping rule is required.
Observation 2:
· Orphan symbol issue which may occur in option 4 should be avoided by dropping/postpone of the orphan symbol or limited mapping rule

Option 5 
Option 5 is similar to option 4 but it applies more limited mapping rule by excluding mini-slot based repetition with multi slots. Therefore, main benefit of this option is lower overhead of RRC signalling for a list of TDRA field by reducing unnecessary code points. In addition, this option can avoid orphan symbol issue in option 4.
For multi-segment transmission case (i.e. overall resource go across slot boundary or DL/UL switching pint), there is some redundant signalling since the allocation depends on only L*K, and (N*L)*(K/N) is same allocation with different codepoint. Therefore, if the number of repetition (K) is dynamically indicated with TDRA, the limitation of allowable value of K (e.g. K=1 or K={1,2}) can reduce the number of code points for RRC.
All mapping of option 5 can be realized by option 4. Therefore, if the use case of mini-slot based repetition which go across slot boundary or DL/UL switching point is clarified and if overhead of RRC signalling in option 4 is allowable, we prefer option 4 to option 5.
Observation 3:
· All mapping of option 5 can be realized by option 4 if RRC signalling overhead in option 4 is allowable
Option 6 
Option 6 can achieve flexible scheduling for each repetition in RRC level. In option 6, each codepoint indicates exact time resources for all repetitions. Therefore, a UE can decide on start/length of repetition without relying UL/DL configuration, slot boundary and PUCCH/SRS presence.
However, we have concern about signalling overhead on option 6 as below.
Required code points for TDRA field in DCI
In Rel-16 URLLC enhancement, we assume that one of the important targets is to satisfy the latency requirement within 1ms and a key issue is how to transmit a PUSCH on symbols crossing slot boundary and/or DL/UL switching point using multi-segment transmission (or mini-slot level repetition). Therefore, before considering the flexibility of multiple repetitions, TDRA field in DCI should cover at least the code points for any starting symbol which allows UE to transmit PUSCH as soon as possible after occurring an UL data.
Observation 4:
· To satisfy Rel-16 latency requirement, TDRA field in DCI should cover code points for any starting symbols as possible
If each code point indicates actual position of starting symbol/duration in option 6, the required number of code points for TDRA field depends on the number of pattern of available UL symbols within each slot (e.g. TDD slot structure, presence of PUCCH/SRS). For example, as shown in Fig. 3, if there are 4 patterns of available UL symbols within a slot, to transmit 14-symbol PUSCH, each starting symbol requires at least 4 code points for DCI and it may increase in case that next slots also have multiple patterns of available UL symbols (e.g. 16 code points for the starting symbol). Then to support all starting symbols, the required number of code points may be about 16*14= 224 (8 bits) in DCI only for 14 symbols PUSCH with/without multi segmentation. Moreover, additional bits may be required if there are more patterns of available UL symbols due to other PUCCH/SRS presence and/or other TDD slot structure and to support multiple repetition within a UL period (i.e. mini-slot level repetition). Therefore, to minimize the latency after occurring an UL data, option 6 requires large field for TDRA in DCI.
[image: ]
Figure 3. Example of the pattern of available UL symbols within a slot
Observation 5:
· Indication of exact time resource for each repetition requires different code points for TDRA in DCI for different slot structure
In case of option 4 (and option 5) with indication of nominal resource, the number of code points does not rely on the patterns of available UL symbols. Therefore, to transmit 14-symbol PUSCH with multi-segment transmission as the same example above, each starting symbol requires single code point for DCI and it will be 14 (4 bits) for all starting symbols.
Although all options require more TDRA bits in DCI if various length of L and or various number of repetitions K need to be configured simultaneously by RRC, option 4 is more preferable from the total number of required TDRA bits perspective.
	
	Option 4
	Option 5
	Option 6

	Signalling
	· Indication of nominal number of duration/repetition
· Implicit rule for slot format (boundary, UL/DL switching point
	· Indication of nominal number of duration/repetition
· Implicit rule for slot format (boundary, UL/DL switching point
	· Indication of actual number of duration/repetition
· Not rely to slot format (boundary, UL/DL switching point)

	Pros
	· Every repetition pattern can be covered by low RRC signalling overhead

	· RRC signalling overhead is the smallest because of mapping limitation 
· No orphan symbol case
	· Scheduling flexibility for all repetitions
· Enable to decide on start/length of repetition without relying UL/DL configuration, slot boundary and PUCCH/SRS presence for dynamic PUSCH

	Cons
	· Start/length of repetition depend on UL/DL configuration and PUCCH/SRS presence
· Orphan 1 symbol case 
	· Redundant signalling for the case with crossing slot boundary (note: it can be excluded)
· Limited case of using mini-slot level repetition
	· Limited number of DCI indication to indicate exact position of all repetitions
· Large RRC signalling overhead



Taking those aspects into account, we would like to propose following.
Proposal 2:
· To satisfy ultra low latency scenario by multi-segment transmission with few code points of TDRA in DCI, option 4 should be supported

Conclusion
In this contribution, we have following observations
Observation 1:
· L > 14 may be necessary only if actual duration of “PUSCH with multi segments” can be smaller than signaled L due to dropping of PUSCH on non-available symbols
· L <= 14 is enough if actual duration of “PUSCH with multi segments” is always same with signaled L (i.e. if PUSCH on non-available symbols never drops)
Observation 2:
· Orphan symbol issue which may occur in option 4 should be avoided by dropping/postpone of the orphan symbol or limited mapping rule
Observation 3:
· All mapping of option 5 can be realized by option 4 if RRC signalling overhead in option 4 is allowable
Observation 4:
· To satisfy Rel-16 latency requirement, TDRA field in DCI should cover code points for any starting symbols as possible
Observation 5:
· Indication of exact time resource for each repetition requires different code points for TDRA in DCI for different slot structure
Then, we would like to propose followings
Proposal 1:
· For option 4, L indicates actual duration of PUSCH with one or multi segments and the maximum value of L is 14
Proposal 2:
· To satisfy ultra low latency scenario by multi-segment transmission with few code points of TDRA in DCI, option 4 should be supported
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