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1	Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN#83, a new work item on physical layer enhancements for NR ultra-reliable and low latency communication (URLLC) are approved [1]. Several objectives have been identified based on the progress during the study item phase that has been captured in [2]. One of the objective is related to the specification of PUSCH enhancements for both grant-based PUSCH and configured grant based PUSCH. In the study item, it has been agreed 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. Two high level options were discussed and captured in [2]:
Option 1: Mini-slot level repetition – According to this option, for time domain resource determination for mini-slot level repetition, for grant based PUSCH, the time domain resource assignment field in the DCI indicates the resource for the first 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. Each repetition occupies contiguous symbols. For frequency hopping for mini-slot level repetition, support at least inter-PUSCH-repetition hopping and inter-slot hopping.
Option 2: Multi-segment transmission – According to this option, for time domain resource determination for multi-segment transmission, for grant based PUSCH, the time domain resource assignment field in the DCI indicates the starting symbol and the transmission duration of all the repetitions. For the transmission within one slot for multi-segment transmission, if there are more than one UL period within a slot, where each UL period is the duration of a set of contiguous symbols within a slot for potential UL transmission as determined by the UE, one repetition is within one UL period and each repetition occupies contiguous symbols. Otherwise, a single PUSCH repetition is transmitted within a slot following Rel-15 behaviour. For frequency hopping for multi-segment transmission, support at least inter-slot frequency hopping.
Furthermore, options 4-6 were proposed as a compromised solutions by combination at least some of the aspects of option 1 and option 2, which we discuss in detail in the following section.
2	Discussion
2.1	Option 4
Following details related to option 4 have been agreed:
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 signalled 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.
In our understanding, following are the keys principles of option 4:
1. Only contiguous repetitions of equal length are supported, unless, multi-segmentation is done due to DL/UL switching point within a slot or if the “nominal” repetition goes across slot boundary
2. No new or additional information is indicated to the UE, except the number of “nominal” repetitions. If dynamic indication for this agreed, then we assume this as within a DCI instead of RRC.
3. SLIV indication needs to enhanced to allow S+L larger than 14.
Based on these principles, we identify at least following issues with option 4:
1. If a gap is needed between repetitions due to reasons other than the DL/UL switching point or “nominal” repetition going across slot boundary, then it is not possible to do multi-segmentation. The reasons could possibly be symbols for SR transmission, higher priority short PUCCH, higher priority short PUSCH transmission for other UE, etc. Therefore, there is very limited flexibility possible with option 4. 
2. As a result of multi-segmentation, there could be actual repetitions (segments) with unreasonable high DMRS overhead, as it is required to transmit DMRS in every repetition because DMRS sharing is not allowed according to the current description of option 4. In order to deal with this issue, additional rules or restrictions might need to be introduced. Example for option 4 is shown in the Figure 1 below.


[bookmark: _GoBack]Figure 1: Example of multi-segmentation with Option 4
3. Although, the concern of possibly more combinations in the RRC configured table for time domain resource assignment is raised for option 6, but even for option 4, more entries in comparison to existing possibilities might be needed. This is related to the possibility of having S+L larger than 14. In Rel. 15, S+L is always smaller than or equal to 14, but enhancing the SLIV indication would directly result in more combinations for S+L. For example, according to current specification, if S is 12, then the L value can be only 1 or 2. However, for option 4, with S equal to 12, L can still have values ranging from 1 to 14, as a result increasing the number of combinations/entries in the TDRA table. Currently SLIV is expressed by the equation of the combination of 14x(L-1)+S and 14(14-L+1)+(14-1-S), which are simple equations. If it is extended to multiple slots with different assignments, some complicated equation or manual customized table, both requires large standardization time is necessary as the RRC signalling size reduction purpose compared with option 6.
4. Also, if dynamic indication for the number of repetitions is agreed to be supported for option 4, then new bit field with possible size up to 3 bits would be needed in the DCI.
Observation 1: For option 4, multi-segmentation is done only at the DL/UL switching point or when “nominal” repetition goes across the slot boundary and it doesn’t support multi-segmentation between the repetitions for other purposes such as SR transmission, higher priority short PUCCH transmission, and higher priority short PUSCH transmission for other UE.
Observation 2: For option 4, multi-segmentation could result in very short segments (UL periods) with unreasonably high DMRS overhead, unless a new set of rules are added for each possible scenario.
Observation 3: For option 4, maximum size of the RRC configured table for PUSCH TDRA might be needed because of new possible combinations as a result of enhancing S+L>14.
Observation 4: For option 4, if dynamic indication of the number of repetitions need to be supported, new additional bit field with 1, 2 or 3 bits would be needed to indicate up to 8 repetitions.

2.2	Option 5
Following details related to option 5 have been agreed:
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 signalled by gNB represents the "nominal" number of repetitions. The actual number of repetitions can be larger or smaller 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) 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.
· No DMRS sharing across multiple PUSCH repetitions
· No special handling of orphan symbols
· The maximum TBS size is not increased compared to Rel-15.
· L <= 14
· S+L can be larger than 14
· Note: different repetitions may have the same or different RV.

Similar to option 4, option 5 is also based on almost same principles, except for one key difference that if multi-segmentation needs to be done either because of DL/UL switching point or resources going over slot boundary, then only one repetition is transmitted in each UL period in a slot. So basically, although this option supports the possibility of both mini-slot repetition and multi-segmentation, but both cannot be implemented at the same time. Figure 2 below shows how the two options differ in case when multi-segmentation is needed.



(a) Option 4



(b) Option 5
Figure 2: Example comparison between Option 4 and Option 5

Based on the this, we understand that option 5 has the benefit of avoiding unnecessarily very short segments (UL periods) and avoiding high DMRS overhead in certain cases, but at the same time, it negates the possible benefits of option 1 that allows to have mini-slot repetition, where each repetition can exploit the diversity benefits in terms of frequency hopping, different precoding, multi-beam/panels. We think, the solution that is able to provide the benefit of option 1 and option 2 in the most efficient manner should be considered rather than limiting the benefits. 

In addition to the above concern, we see other issues for option 5 that are similar to option 4.
Observation 5: For option 5, it is not possible to support multi-segmentation and mini-slot repetition within the same slot at the same time. As a result, UE cannot exploit diversity gains whenever multi-segmentation is done within a slot or slot boundary.
Observation 6: For option 5, multi-segmentation is done only at the DL/UL switching point or when “nominal” repetition goes across the slot boundary and it doesn’t support multi-segmentation between the repetitions for other purposes such as SR transmission, higher priority short PUCCH transmission, and higher priority short PUSCH transmission for other UE.
Observation 7: For option 5, maximum size of the RRC configured table for PUSCH TDRA might be needed because of new possible combinations as a result of enhancing S+L>14.
Observation 8: For option 5, if dynamic indication of the number of repetitions need to be supported, new additional bit field with 1, 2 or 3 bits would be needed to indicate up to 8 repetitions.


2.3	Option 6
Following details related to option 6 have been agreed:
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 RAN1#96, option 6 has been discussed as one of possibilities for a compromised solution that entails the benefits of both option 1 and option 2. The key difference with option 6 in comparison to option 4 and option 5 is the explicit/implicit indication of time domain resources through RRC configured table for both the initial transmission as well as the subsequent repetitions. So the main benefit with this option is the ability to allow different length repetitions in contiguous or non-contiguous manner. Consequently, the scheduling takes care of any DL/UL switching point, slot boundary, symbols for SR, short PUCCH/PUSCH for other UE and the UE doesn’t need to rely no some fixed set of rules/restrictions. Furthermore, since the gNB can signal such information via the same DCI field for TDRA, so it is quite dynamic in nature. This allows to deal with all the issues that we discussed above for both option 4 and option 5.

For option 6, one of the major concerns raised was the impact on the RRC signalling for TDRA. According to option 6, the index of the RRC configured table for TDRA will implicitly/explicitly indicate at least the SLIV for repetitions as well in comparison to just the SLIV for initial transmission in the current specification. This could possibly result in increased number of combinations between SLIVs for all repetitions and as a result the existing maximum table size with 16 indices might not be enough. Although correct that in order to support more flexibility, more indices might be needed, but it is expected that gNB has good information about the traffic to be served and possible channel conditions, so it can reliability estimate the requirements in terms of number of repetitions, SLIV for repetitions and the slot format to configure a table to covers the most relevant scenarios rather than including all possible combinations for the TDRA table. In addition, if we compare option 6 with option 4 and option 5, we mentioned that the table entries might need to be increased for other options as well since they proposed to increase the S+L > 14 which would result in more combinations. Therefore, the overall impact in terms of RRC signalling might be almost similar for all options. Furthermore, if it is agreed to increase the maximum table size for option 6 to possibly 32 indices, then this would result in only one additional bit in the DCI. On the other hand, if dynamic indication of number of repetitions for option 4 and option 5 needs to be supported, then at least 2 new bits would be needed to allow up to 4 repetitions. 

For option 6, different possibilities in terms of RRC configured TDRA table for PUSCH could be considered. One possibility is that each TDRA entry consists of multiple SLIVs, where each SLIV is used for one of the transmissions (repetitions). Each SLIV itself can be reused from Release 15. In this case, the number of SLIVs would be proportional to the number of repetitions (including initial transmission). Slot offset K2 could be either same for all transmissions in case of only mini-slot repetitions or different when repetitions span more than single slot. This option may be seen as too much RRC signalling overhead when larger number of repetitions are supported. Another design possibility could be a selection of multiple SLIVs or the repetition indication of single SLIV in a TDRA entry. If limited flexibility with limited RRC size is the preferred direction, multiple SLIVs case could be limited to only 2 SLIVs where each SLIV indicates each slot and the repetition of single SLIV can be seen as the repetition of mini-slot. 

For RRC overhead estimation, as one of the design possibility for option 6, "TDRA entry has a choice between 2 SLIV entries without repetition or the repetition of single SLIV up to 7 bits" are considered. Therefore, RRC signalling size for one entry of TDRA is, choice of 2 SLIVs or repetition of 1 bit and 2 of 7 bits of "two SLIVs" or "one SLIV and the repetition number". Then each entry is entry to 1 + 7*2 = 15 bits. If additional 16 TDRA entries are used in addition to current 16 entries as the total of 32 index of TDRA in DCI, 15*16 = 240 bits are increased in RRC. K2 is optional and mapping type are indicated for each entry. Therefore, further 1*16 = 16 bits are added. Then the amount of additional RRC signalling would be the order of 256 bits, which is still very small number as dedicated RRC signalling. If more flexibility is required, more RRC bits is required. 

Observation 9: For option 6, the enhancements in the RRC configured table for PUSCH TDRA allows the multi-segmentation not only at the DL/UL switching point or slot boundary, but also for other scenarios such as for SR, short PUCCH/PUSCH for other UE, etc.

Observation 10: For option 6, issues related to unnecessary very short segments (repetitions or UL period) having very high DMRS overhead can be simply avoided by indicating the most optimal index of the TDRA table and without the need for any rules or additional restrictions.

Observation 11: For option 6, the impact related to possible increase in the number of indices for the RRC configured PUSCH TDRA table could be similar to option 4 and option 5.

Proposal 1: For supporting both the operations of mini-slot repetition and multi-segmentations, option 6 should be agreed to be supported
· FFS: How to efficiently enhance the RRC configured table for PUSCH TDRA

3	Conclusion 

Here we summarize the observations and proposals from the sections above:
Observation 1: For option 4, multi-segmentation is done only at the DL/UL switching point or when “nominal” repetition goes across the slot boundary and it doesn’t support multi-segmentation between the repetitions for other purposes such as SR transmission, higher priority short PUCCH transmission, and higher priority short PUSCH transmission for other UE.
Observation 2: For option 4, multi-segmentation could result in very short segments (UL periods) with unreasonably high DMRS overhead, unless a new set of rules are added for each possible scenario.
Observation 3: For option 4, maximum size of the RRC configured table for PUSCH TDRA might be needed because of new possible combinations as a result of enhancing S+L>14.
Observation 4: For option 4, if dynamic indication of the number of repetitions need to be supported, new additional bit field with 1, 2 or 3 bits would be needed to indicate up to 8 repetitions.
Observation 5: For option 5, it is not possible to support multi-segmentation and mini-slot repetition within the same slot at the same time. As a result, UE cannot exploit diversity gains whenever multi-segmentation is done within a slot or slot boundary.
Observation 6: For option 5, multi-segmentation is done only at the DL/UL switching point or when “nominal” repetition goes across the slot boundary and it doesn’t support multi-segmentation between the repetitions for other purposes such as SR transmission, higher priority short PUCCH transmission, and higher priority short PUSCH transmission for other UE.
Observation 7: For option 5, maximum size of the RRC configured table for PUSCH TDRA might be needed because of new possible combinations as a result of enhancing S+L>14.
Observation 8: For option 5, if dynamic indication of the number of repetitions need to be supported, new additional bit field with 1, 2 or 3 bits would be needed to indicate up to 8 repetitions.
Observation 9: For option 6, the enhancements in the RRC configured table for PUSCH TDRA allows the multi-segmentation not only at the DL/UL switching point or slot boundary, but also for other scenarios such as for SR, short PUCCH/PUSCH for other UE, etc.
Observation 10: For option 6, issues related to unnecessary very short segments (repetitions or UL period) having very high DMRS overhead can be simply avoided by indicating the most optimal index of the TDRA table and without the need for any rules or additional restrictions.
Observation 11: For option 6, the impact related to possible increase in the number of indices for the RRC configured PUSCH TDRA table could be similar to option 4 and option 5.

Proposal 1: For supporting both the operations of mini-slot repetition and multi-segmentations, option 6 should be agreed to be supported
· FFS: How to efficiently enhance the RRC configured table for PUSCH TDRA
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