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1. Introduction
In previous meetings [1], several agreements and a conclusion were made on PUSCH transmission for NR URLLC:
	Agreements:
In terms of how to interpret L and K for Rel-16 PUSCH transmissions (for both DG & CG), Alt. 1 is adopted. 
· That is, for the Rel-16 PUSCH with enhanced repetition transmission, the time window within which valid symbols are used for transmission is L*K, starting from the first symbol indicated by the SLIV in TDRA field.

Agreements:
For DG and retransmission of CG, introduce one RRC parameter for each of the DCI format 0_1 and the new UL DCI format, to indicate whether UE follows the behavior for “Rel-16 PUSCH transmission scheme” or the behavior for “Rel-15 PUSCH transmission scheme”.
· FFS: whether to restrict that “Rel-16 PUSCH transmission scheme” cannot be enabled for both DCI formats simultaneously 
For Type 1 CG, introduce an RRC parameter per CG configuration to indicate whether UE follows the behavior for “Rel-16 PUSCH transmission scheme” or the behavior for “Rel-15 PUSCH transmission scheme”.


In this contribution, we provide our view on PUSCH enhancement for URLLC, including remaining issues for supporting enhanced PUSCH repetition. 
2. Discussion 
2. How to use given L and K for determining “nominal” repetition 
In the previous meeting, it was agreed to adopt alternative 1 about the interpretation for PUSCH duration L and number of repetition K. Though alternative 1 is adopted, still, there can be potentially multiple ways for interpretation on how to determine “nominal” repetition based on TDRA in case of slot format confliction as exemplified in following figure. The figure shows only few examples of each handling when S=2, L=4, K=4.
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Fig. 2 Examples of slot format handling for “nominal” repetition in case alternative 1 is adopted
For dropping, it would shorten PUSCH duration based on slot format so the ending of nominal repetition does not exceed L*K symbols from the indicated starting symbol. For postponing, a set of UL (and/or flexible) symbols is excluded for determining “nominal” repetition so it would guarantee the transmission of L*K symbols at least for first repetition. Therefore postponing can guarantee the number of RE per one nominal repetitions. On the other hand, it would have a drawback in terms of latency if there are invalid symbols in the middle of repetition. For no handling, it just has a benefit of keeping SLIV shape in perspective of “nominal” repetition. 
With alternative 1, maximum transmission duration is limited. Thus, postponing may have less resource for nominal repetition than other solutions. One can argue that no handling or dropping cannot guarantee the required amount of transmission resource due to slot format confliction. However, slot format confliction would be resolved by the segmentation. Since no handling or dropping has more nominal repetition than postponing, the result of segmentation would be similar to or better than postponing. Between no handing and dropping, it seems to have no difference from segmentation in terms of resource allocation. 
In the sense, it would be more desirable to ignore slot format for construct “nominal” repetitions. In other words, all slot format interactions can be handled during for determining “actual” repetition; segmentation. 
Proposal 1: “nominal” repetition has no interaction with slot format and slot boundary. 
· 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 without regarding to slot format or other downlink reception.
· The time domain resources for the remaining “nominal” repetitions are derived based on the resources for the first “nominal” repetition in back-to-back manner without regarding to slot format or other downlink reception. 

2. Slot format interaction in order to determine “actual” repetition 
In the previous meeting, the conclusion was made on how to determine slot format interaction. There were multiple options on how to interact with slot format for dynamic and configured grant. 
In release 15, since we believe that gNB is able to guarantee no confliction between dynamic PUSCH and SFI, UE does not expect that. In this work item, we assumed that PUSCH resource allocation is able to span slot boundary and DL-UL switching point (including two switching points made only by SFI). Therefore, it does not make sense anymore to expect no confliction with SFI. Meanwhile, it seems hard to use SFI for segmentation due to URLLC reliability. As we know, if URLLC transmission relies on SFI, the reliability of URLLC transmission is limited to SFI reliability. It would be redundant burden for gNB to ensure high reliability of SFI since it is group common signaling. When gNB cannot guarantee no confliction with SFI, as in PUCCH repetition or configured grant in release 15, UE could resolve confliction by dropping repetition which meets invalid symbols.  
Therefore, it is preferred to re-use UE behavior of PUCCH or configured grant in release 15. In other words, the segmentation occurs around semi-static DL symbols only and some repetition cannot be transmitted to avoid interference and SFI ambiguity. It should be noted that SFI indicating flexible symbol is for forward compatibility and disabling configured reception and transmission. So, it is hard to find a proper use case to indicate URLLC PUSCH on dynamic flexible symbol. Because URLLC PUSCH has high priority than any configured transmission and dynamic UL grant can disable configured DL reception as well. While in rel-15 gNB can avoid PUSCH scheduling on dynamic flexible symbol(s), in rel-16 enhanced PUSCH allocation it may not be always possible. Thus, these flexible symbols need to be reserved on purpose of forward compatibility. In this sense, option 2-4 can be a reasonable solution as unified solution for both DG and CG. 
On the other hand, If we consider short duration PUSCH and higher SCS for URLLC, then gNB may be able to avoid collision between DG and SFI since DG would occupy few symbols. Thus, we can consider option 1-1 for DG, which relies on gNB scheduling.
Proposal 2: For interaction of enhanced PUSCH with DL/UL directions, following can be considered:
· For DG, option 1-1 or option 2-4 is adopted.
· For CG, Option 2-4 is adopted. 
When dynamic DL transmission overlaps with configured PUSCH, the configured PUSCH is cancelled in Release 15. If we set certain priority to UL or DL transmission, it can be considered not to cancel configured reception/transmission with higher priority by dynamic scheduled transmission/reception with low priority. However, considering inter-UE interference, it would be problematic to change transmission direction by UE decision. Basically, when gNB dynamically schedules DL reception on certain symbols, there should be an intention of gNB for using those symbol as DL and gNB may schedule other DL reception for other UE(s). If a UE changes link direction based on its traffic arrival, gNB is not able to expect that situation and also not able to avoid interference brought by the UE. 
Proposal 3: For a CG PUSCH conflicting with dynamic DL transmission, it is necessary to keep Rel.15 behavior regardless of the priority of the CG PUSCH, i.e., cancel transmission occasion for the CG PUSCH.
When an “actual” repetition is being defined, the latency is still an essential criterion to be taken into account. In case one “nominal” repetition is split into two segmentation due to UL/DL switching point and thus a set of symbols is not available for PUSCH transmission and thrown away, then one can consider that as compensation of these symbols, the two “actual” PUSCHs after segmentation should maintain the same duration as the original “nominal” repetition. This could be helpful in terms of reliability, however, as discussed above, it would incur latency. In our view, it is required to guarantee that a nominal repetition should not be changed when any other previous nominal repetition is being segmented. In other words, after segmentation, one or multiple “actual” repetition derived from a “nominal” repetition should be confined within the “nominal” repetition. In other word, the segmentation of a nominal repetition should not postpone other nominal repetition. 
Proposal 4: the segmentation of a nominal repetition should not postpone other nominal repetition.
· After segmentation, one or multiple “actual” repetition derived from a “nominal” repetition should be confined within the “nominal” repetition.
2. How to determine proper UL/DL switching point based on slot format
Though the segmentation occurs around semi-static DL symbols, there can be remaining invalid symbol. If UE has any downlink reception is in the semi-static DL symbols, UE would require certain duration of DL-UL switching time to transmit PUSCH. Unlike to our agreements, UL-DL switching point cannot be seen as deterministic “point” by UE. Perhaps, UE is only capable to assume few duration as switching point from a lot of flexible symbol between DL and UL. So, it is necessary for UE to assume a set of flexible symbols right after DL as invalid, which is implicitly used for UL-DL switching. And for successful UL transmission, gNB and UE should have same assumption on the set of symbols for UL-DL switching and thus this can be configured/indicated by gNB. Alternatively, a UE can expect no DL transmission in required switching period right before UL. In other words, a UE can regard a certain time duration as guard period itself which should be the same understanding as gNB.
Proposal 5: If a nominal repetition spans UL-DL switching point, following can be considered:
· Option 1: UE assume that X symbols after the preceding DL symbol are invalid for UL
· Option 2: UE assume that X symbols before beginning of given PUSCH are invalid for DL
· FFS: how to determine X
By doing so, UE and gNB could have same assumption on UL period for constructing PUSCH repetition. It means that UE can utilize flexible symbols for PUSCH repetition with proper guard period from DL transmission. 

2. Remaining consideration points for enhanced RA
Besides slot format interaction, there are still some decision point. For examples, we need to specify how to determine TBS and RV. In addition to this, it is also necessary to handle wrong segmentation. For instance, a segment having only 1 symbol or not sufficient for given TBS, need to be handled. And, to indicate time-domain resource allocation S+L>14 or L>14, new SLIV design would be need. In below sections, we provide our view on those aspects.
DMRS mapping for enhanced PUSCH 
It has been discussed how to determine DMRS symbol for enhanced PUSCH. It is necessary to define how to determine DMRS symbol position when one nominal PUSCH is split. If nominal repetition goes across the slot boundary or DL-UL switching point, nominal repetition is split into multiple of actual repetition. Otherwise, one nominal repetition becomes one actual repetition. If no DMRS sharing among repetitions is assumed, for UE to receive PUSCH of actual repetition, each actual repetition should have own DMRS symbol. 
There are two ways to assign DMRS symbol for each actual repetition.
· Method 1: The first option is to apply DMRS symbol position which is determined by nominal repetition. For example, based on resource allocation of nominal repetition and given DMRS parameter, UE can determine virtual DMRS symbol position before splitting. After obtaining actual repetitions, UE applies the absolute position of the virtual DMRS symbols for all actual repetition. This approach may bring similar DMRS overhead between nominal and actual repetitions, however, in some cases special handling of actual repetition having no DMRS symbol might be needed. 
· Method 2: Alternatively, UE can determine DMRS symbol from actual repetition (after segmentation) and given DMRS parameter. Regardless of where nominal repetitions are located, UE can apply given DMRS parameter for each actual repetition. By doing so, we can fully re-use existing DMRS mapping rule in release 15.
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(a) Method 1                                  (b) Method 2
Figure 3. Examples of DMRS mapping methods for option 4
First of all, considering the case where nominal PUSCH contains only front-loaded DMRS, for method 2, by following DMRS parameter (i.e., front-loaded DMRS only), after segmentation, each actual repetition will have front-loaded DMRS. On the other hand, for method 1, as DMRS location is just inherited from nominal PUSCH, the second segment of actual repetition would have no DMRS. Thus, for method 1, as discussed in the last meeting, it seems reasonable that DMRS is transmitted at the beginning of each actual repetition, which results in the same outcome in terms of DMRS transmission. 
In case additional DMRS is configured, method 1 still can suffer from absence of DMRS in some segment (e.g., if splitting happen after the last DMRS symbol), and thus the above special handling would be needed. On the other hand, method 2 can follow the existing DMRS parameter, in some cases, it may bring bit larger DMRS overhead up to configuration. For this case, UE can assume different DMRS parameter or use different table for DMRS position. 
Proposal 6: DMRS determination should be based on each actual repetition after segmentation.
TBS determination
When we try to follow Rel.15 UE behavior, both scheme have some problems. For mini-slot based repetition, actual code rate is multiplied by number of repetitions if TBS is determine by one PUSCH instance. It would bring modulation order which is inappropriate to given code rate. For multi-segment transmission, it haven’t discussed how to determine TBS. 
For RA scheme like “mini-slot based repetition”, considering that some repetition/symbols can be cancelled during time-domain resource determination, it can be beneficial to set MCS for one repetition. Especially, in the case of configured grant, available number of repetitions would be changed by dynamic SFI. So, at least for configured grant, it is preferred not to change current behavior. It is safer to maintain a reliability of one repetition regardless of SFI interaction. 
If we use RA scheme like “multi-segment”, resource allocation would be separated multiple PUSCH instance every slot boundary. To serve one TB with multiple PUSCH, each PUSCH instance should have same TBS. So, it is necessary to share same TBS determination among PUSCH instances. As the simplest method, TBS can be determined by REs in resource allocations before separation. In this case, up to MCS and TBS value, some separated resource wouldn’t sufficient for UL transmission. For example, when one repetition have 3 symbols and original resource allocation is 14 symbol with, one repetition cannot convey even systematic bits only. It means that some systematic bits would be not transmitted up to scheduling and RV sequences. It would bring critical performance degradation or scheduling restriction. 
Proposal 7: For TBS determination, it is necessary to consider shortened transmission duration. 
· Option 1: TBS is determined by the resource of the one repetition
· FFS: consider nominal repetition or actual repetition for option 4
· FFS: Which repetition is considered (initial, largest, smallest)
· Option 2: TBS is determined by entire allocated resource for a TB
· one repetition should be sufficient to convey X coded bits
· FFS: size of X (e.g., TBS or TBS*(certain target code rate)-1 )

RV determination
As we considered in TBS section, RV 0 for small resource of segmented/repeated transmission may incur the problem that the sufficient number of systematic bits cannot be conveyed. To maintain maximum spectral efficiency in case of using enhanced PUSCH RA schemes, TBS could be determined by actual entire resource for a TB. In this case, it would be beneficial to allocate RV carefully in order to transmit systematic bits enough. 
To allocate larger resource as much as possible for systematic bits, it can be considered to map RV sequence according to resource size. By doing so, largest repetition is mapped to RV0 so that it conveys sufficient systematic bits for a TB. 
Alternatively, we can use circular buffer contiguously for same RV or for repetitions. To be specific, regardless of number of repetition, coded bits of TB can be mapped contiguously across all of repetitions as one PUSCH. Since there is no DCI missing ambiguity among repetitions unlike HARQ retransmissions, it is not necessary to stick conventional RV approach for enhance PUSCH allocation scheme.
Proposal 8: For PUSCH enhancement, how to map RV or coded bits among repetition should be specified.
· Option 1: The transmission with the n-th resource among all repetitions for a TB is associated with the (n+k)-th value among RV sequences, where the k is the index of the largest resource among all repetitions for a TB.
· Option 2: The transmission with the n-th largest resource among all repetitions for a TB is associated with the n-th value among RV sequences. 
· Option 3: Once a RV is applied to a repetition, coded bits is mapped to remaining repetition contiguously
· FFS: For repetitions mapped with same RV or for all of repetitions

Handling segments of insufficient length 
As describe in above, segmentation could make a repetition with too short duration such as 1 or 2 symbols. Considering DMRS symbol occupies at least one symbol, one symbol segment need to be handled. Up to TBS determination method, some segments also may not be proper to be transmitted. For simplicity, we can drop those segment so that it won’t be transmitted. Otherwise, those repetition can be concatenated to adjacent repetition. 
Figure 4 shows an example of simple resource dropping. In the figure, UE just drop PUSCH transmission where given repetition doesn’t meet some condition, such as minimum PUSCH duration. From this results, it is hard to use symbols around slot boundary depending on PUSCH duration. Moreover, it is hard to allocate these dropped resources to some other UE as well. In some cases, network would be able to avoid this kind of situations. 
If we allow for UE to concatenate those resource to other resource rather than dropping, like figure 5, UE can utilize segmented symbol around slot boundary in most of cases. Moreover, it could reduce scheduling error case so that network has a lot of scheduling flexibility. 
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Figure 4. An example of dropping resource
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Figure 5. An example of resource concatenation 
Considering those point of view, it is necessary to consider what actual drawback of simple solution is. When PUSCH duration is relatively large, 1 or 2 symbol segmentation would be rare case and negligible. On the other hand, when PUSCH duration is relatively small, 1 or 2 symbol segmentation would be more frequent, but gNB can adjust PUSCH starting point not to have those segmentation by delaying few symbols. Therefore, even with simple solution rather than complicated one, the drawback would not be huge and it can still reduce scheduling error cases. When we consider limited time for this WI, we slightly prefer to adopt simple solution for this issue. 
Proposal 9: for a repetition of insufficient length, UE may drop a repetition of insufficient length.
· FFS: how to determine insufficiency of a repetition

Extended SLIV design
To use Option 4, it is necessary to indicate resource allocation (RA) where start symbol + length is larger than 14. Moreover, it also can be considered to allow RA duration larger than 14. However, current SLIV design is optimized to current RA restrictions. So, we may need to design new/enhance SLIV indication. 
	Length
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	Start 0
	0
	14
	28
	42
	56
	70
	84
	98
	97
	83
	69
	55
	41
	27

	1
	1
	15
	29
	43
	57
	71
	85
	99
	96
	82
	68
	54
	40
	x

	2
	2
	16
	30
	44
	58
	72
	86
	100
	95
	81
	67
	53
	x
	x

	3
	3
	17
	31
	45
	59
	73
	87
	101
	94
	80
	66
	x
	x
	x

	4
	4
	18
	32
	46
	60
	74
	88
	102
	93
	79
	x
	x
	x
	x

	5
	5
	19
	33
	47
	61
	75
	89
	103
	92
	x
	x
	x
	x
	x

	6
	6
	20
	34
	48
	62
	76
	90
	104
	x
	x
	x
	x
	x
	x

	7
	7
	21
	35
	49
	63
	77
	91
	x
	x
	x
	x
	x
	x
	x

	8
	8
	22
	36
	50
	64
	78
	x
	x
	x
	x
	x
	x
	x
	x

	9
	9
	23
	37
	51
	65
	x
	x
	x
	x
	x
	x
	x
	x
	x

	10
	10
	24
	38
	52
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x

	11
	11
	25
	39
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x

	12
	12
	26
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x

	13
	13
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x


Table 1. Current SLIV mapping to bit representation
Table 1 shows current (rel-15) SLIV design using 7 bits. As seen in the table, some bit representations are not used. Therefore, as simple method, we can consider additional table that can be configured by RRC signaling.
	SLIV
	S
	L

	105
	1
	14

	106
	2
	14

	…
	…
	…

	127
	0
	28


Table 2. An example of configured SLIV table
By adopting configurable table, like Table 2, UE can interpret unusable SLIV as additional combination of start and length. This approach extends the range of resource allocation without changing on current SLIV signaling design. 
Alternatively, we can using additional 1bit in order to indicate 14*14 start and length combinations. For example, using 8bit SLIV (Option 2-1) or change SLIV interpretation by 1bit flag (Option 2-2). To be specific, it is possible to change SLIV equation like below:
SLIV = 14 * (L -1) + S
Or, if we use 1 bit flag indicating S+L > 14, we can re-interpret S’ and L’ from current SLIV interpretation as below:
S = 13 – S’
L = 15 – L’
As a result, if 1 bit flag indicates another SLIV interpretation for S+L > 14, 
if L >= 7 then
SLIV = 14 * (14 - L) + 13 - S
else
SLIV = 14* L + S
where 14- S < L < =14,

Proposal 10: To extend the range of PUSCH resource allocation, following option can be considered:
· Option 1: Adopt SLIV to RA table which overrides current SLIV interpretations. 
· Option 2: Use 1 more bit to indicate extended resource Allocation 
· Option 2-1: 8bit SLIV 
· Option 2-2: SLIV re-interpretation triggered by 1bit flag


3. Conclusion
We discussed PUSCH enhancement for NR URLLC, and proposed the followings. 
Proposal 1: “nominal” repetition has no interaction with slot format and slot boundary. 
· 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 without regarding to slot format or other downlink reception.
· The time domain resources for the remaining “nominal” repetitions are derived based on the resources for the first “nominal” repetition in back-to-back manner without regarding to slot format or other downlink reception. 
Proposal 2: For interaction of enhanced PUSCH with DL/UL directions, following can be considered:
· For DG, option 1-1 or option 2-4 is adopted.
· For CG, Option 2-4 is adopted. 
Proposal 3: For a CG PUSCH conflicting with dynamic DL transmission, it is necessary to keep Rel.15 behavior regardless of the priority of the CG PUSCH, i.e., cancel transmission occasion for the CG PUSCH.
Proposal 4: the segmentation of a nominal repetition should not postpone other nominal repetition.
· After segmentation, one or multiple “actual” repetition derived from a “nominal” repetition should be confined within the “nominal” repetition.
Proposal 5: If a nominal repetition spans UL-DL switching point, following can be considered:
· Option 1: UE assume that X symbols after the preceding DL symbol are invalid for UL
· Option 2: UE assume that X symbols before beginning of given PUSCH are invalid for DL
· FFS: how to determine X
Proposal 6: DMRS determination should be based on each actual repetition after segmentation.
Proposal 7: For TBS determination, it is necessary to consider shortened transmission duration. 
· Option 1: TBS is determined by the resource of the one repetition
· FFS: consider nominal repetition or actual repetition for option 4
· FFS: Which repetition is considered (initial, largest, smallest)
· Option 2: TBS is determined by entire allocated resource for a TB
· one repetition should be sufficient to convey X coded bits
· FFS: size of X (e.g., TBS or TBS*(certain target code rate)-1 )
Proposal 8: For PUSCH enhancement, how to map RV or coded bits among repetition should be specified.
· Option 1: The transmission with the n-th resource among all repetitions for a TB is associated with the (n+k)-th value among RV sequences, where the k is the index of the largest resource among all repetitions for a TB.
· Option 2: The transmission with the n-th largest resource among all repetitions for a TB is associated with the n-th value among RV sequences. 
· Option 3: Once a RV is applied to a repetition, coded bits is mapped to remaining repetition contiguously
· FFS: For repetitions mapped with same RV or for all of repetitions
Proposal 9: for a repetition of insufficient length, UE may drop a repetition of insufficient length.
· FFS: how to determine insufficiency of a repetition
Proposal 10: To extend the range of PUSCH resource allocation, following option can be considered:
· Option 1: Adopt SLIV to RA table which overrides current SLIV interpretations. 
· Option 2: Use 1 more bit to indicate extended resource Allocation 
· Option 2-1: 8bit SLIV 
· Option 2-2: SLIV re-interpretation triggered by 1bit flag
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