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 Introduction
In the RAN1#AH1901 meeting, the following agreements on enhancements to grant-based PUSCH in URLLC were reached [1].
Agreements:
At least for scheduled PUSCH, for the option “One UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots” (also called as “mini-slot based repetitions”), if supported, it further consists of:
· Time domain resource determination
· 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.
· FFS the detailed interaction with the procedure of UL/DL direction determination
· Each repetition occupies contiguous symbols.
· FFS whether/how to handle “orphan” symbols (the # of UL symbols is not sufficient to carry one full repetition)
· 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
· FFS dynamic indication of the number of repetitions
· FFS DMRS sharing
· FFS TBS determination (e.g. based on the whole duration, or based on the first repetition)
Agreements:
At least for scheduled PUSCH, for the option “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” (also called as “multi-segment transmission”), if supported, it further consists of:
· Time domain resource determination
· The time domain resource assignment field in the DCI indicates the starting symbol and the transmission duration of all the repetitions. 
· FFS multiple SLIVs indicating the starting symbol and the duration of each repetition
· FFS details of SLIV, including the possibility of modifying SLIV to support the cases with S+L>14.
· FFS the interaction with the procedure of UL/DL direction determination
· For the transmission within one slot,
· 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.
· FFS if more than one UL period is used for the transmission (If more than one UL period is used, this would override the previous definition of this option.)
· Each repetition occupies contiguous symbols 
· Otherwise, a single PUSCH repetition is transmitted within a slot following Rel-15 behavior.
· Frequency hopping
· Support at least inter-slot FH
· FFS other FH schemes
· FFS TBS determination (e.g. based on the whole duration, or based on the first repetition, overhead assumption)
Agreements:
· Down-select between “mini-slot based repetitions” and “multi-segment transmission”, aiming in RAN1#96
· FFS the option of using separate grants to schedule PUSCH repetitions in consecutive available slots
Agreements:
Companies are encouraged to provide more details in RAN1#96 at least for the following for potential enhancements of PUSCH:
· Details of the time domain resource determination, including the interaction with the DL/UL direction of the symbols
· Details of TBS determination
· What is different for scheduled PUSCH and configured grant?
· E.g. for configured grant, should the transmission be allowed to postpone when conflicting with DL symbols?
· Comparison between the two schemes, including the potential performance evaluation/analysis (including latency, reliability, etc), complexity, overhead, etc.
[bookmark: _GoBack]In this contribution, we mainly provide our analysis on comparison of “mini-slot based repetitions” and “two-segment transmission’ for both grant-based and grant-free PUSCH.
Grant-based PUSCH repetitions
In general, PUSCH repetition in time is an easy way to improve the reliability of a transmission. In RAN1#AH1901, two options were discussed and agreed for further down-selection.  
· Option 1: mini-slot based repetitions: 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
Compared to Option 2, the essential character of Option 1 is that more than one PUSCH repetitions within one slot is supported. If the available symbols in one slot are sufficient for all the PUSCH repetitions, then Option 2 turns out to be a single shot transmission. It means all the benefits of mini-slot repetitions identified in summary[2], also briefly listed below, would lost. Therefore, Option 1 is preferred. 
· Lower latency
· Mini-slot level diversity (beam/precoder/QCL diversity) 
· Lower data rate 
· More granularity for spectral efficiency/scheduling flexibility
· Better frequency diversity 
Proposal 1: For grant-based PUSCH enhancement, mini-slot based repetitions is supported. 
· Time domain resource determination

It was agreed that the time domain resource assignment field in the DCI indicates the resource for the first repetition, and the remaining repetitions are derived based at least on the resources for the first repetition and the UL/DL direction of the symbols. As for the detailed interaction with the procedure of UL/DL direction determination, we prefer to reuse the legacy Rel-15 procedures as much as possible for grant based PUSCH repetitions. The main Rel-15 procedures are summarized as follows:
· Grant based PUSCH can be transmitted on flexible symbols configured by RRC slot configuration:
- If a UE is not configured to monitor PDCCH for DCI format 2-0, for a set of symbols of a slot that are indicated as flexible by TDD-UL-DL-ConfigurationCommon and TDD-UL-DL-ConfigDedicated, or when TDD-UL-DL-ConfigurationCommon and TDD-UL-DL-ConfigDedicated are not provided to the UE, the UE transmits PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot if the UE receives a corresponding indication by a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, or DCI format 2_3. [Subclause 11.1, TS 38.213]
· Transmission direction indicated by SFI is not expect to be contradict with the grant based PUSCH:
- For a set of symbols of a slot, a UE does not expect to detect a DCI format 2_0 with an SFI-index field value indicating the set of symbols in the slot as downlink and to detect a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, DCI format 2_3, or a RAR UL grant indicating to the UE to transmit PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot. [Subclause 11.1, TS 38.213].
· Grant based PUSCH can be transmitted on flexible symbols indicated by SFI:
- If an SFI-index field value in DCI format 2_0 indicates the set of symbols of the slot as flexible and the UE detects a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, DCI format 2_3, or a RAR UL grant indicating to the UE to transmit PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot, the UE transmits the PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot. [Subclause 11.1, TS 38.213].
· For slot-based PUSCH repetitions, the UE does not transmit the PUSCH in a slot if at least one symbol from a set of symbols where the UE is scheduled PUSCH transmission in the slot is a downlink symbol. The omitted repetition is counted in the total number of repetitions. 
- According to TS TS 38.213, If a UE is scheduled by a DCI format 0_1 to transmit PUSCH over multiple slots, and if TDD-UL-DL-ConfigurationCommon, or TDD-UL-DL-ConfigDedicated, indicates that, for a slot from the multiple slots, at least one symbol from a set of symbols where the UE is scheduled PUSCH transmission in the slot is a downlink symbol, the UE does not transmit the PUSCH in the slot. Meanwhile, according to TS 38.214, the omitted repetition is counted in the total number of repetitions.
For the last procedure, Rel-15 mechanism is not desirable for URLLC because K repetitions cannot be guaranteed. Therefore, for URLLC with repetitions, the omitted repetition should not be counted in K repetitions, i.e., the repetitions could be postponed. 
Therefore, we propose the following principles for interaction with the procedure of UL/DL direction determination for grant-based PUSCH repetitions. 
Proposal 2: For grant-based PUSCH repetitions, the time domain resources for the remaining repetitions are derived based at least on the resources for the first repetition and the following procedures of UL/DL direction determination: 
- Grant based PUSCH can be transmitted on flexible symbols configured by RRC slot configuration:
- Transmission direction indicated by SFI is not expect to be contradict with the grant based PUSCH:
- Grant based PUSCH can be transmitted on flexible symbols indicated by SFI.
- If the repetitions cross slot boundary, the UE does not transmit the PUSCH in a slot if at least one symbol from a set of symbols where the UE is scheduled PUSCH transmission in the slot is a downlink symbol. The omitted repetition is not counted in the total number of repetitions. 
· How to handle “orphan” symbols

For  grant-based PUSCH mini-slot repetitions, there are two cases could cause orphan symbols:
· Case 1: One repetition at the end of a slot has insufficient symbols to carry one full repetition. 
· Case 2: As mentioned above, there might be at least one symbol of a repetition in a slot collides with slot configuration, i.e., leading to the remaining symbols as orphan symbols.  
For Case 2, if legacy way is used, the UE does not transmit the PUSCH repetition if at least one symbol of the repetition collides with slot configuration. That is the UE would skip the orphan symbols, and the skipped repetition with orphan symbol is not counted in the total number of repetitions. In our views, the same procedure could be applied to Case1. 
Proposal 3: For grant-based PUSCH repetitions, the UE does not transmit PUSCH on the orphan symbols and the skipped repetition with orphan symbols is not counted in the total number of repetitions. 
· Frequency hopping

It was agreed to support at least inter-PUSCH-repetition hopping and inter-slot hopping for grant based PUSCH. To reduce unnecessary hopping which may incur power transient period issue, we prefer to reuse the same principle as PUCCH repetition in Rel-15. That is inter-PUSCH-repetition hopping and inter-slot hopping cannot be enabled simultaneously.  
Proposal 4: For grant-based PUSCH repetitions, inter-PUSCH-repetition hopping and inter-slot hopping cannot be enabled simultaneously.  
· DMRS sharing 
If the DMRS pattern for each repetition is the same and determined by the duration of each repetition and RRC configurations, the DMRS overhead may be too large in some cases, e.g., in case each repetition has only 1 or 2 symbols. This would be a normal case for mini-slot repetition. One straightforward way is to introduce the DMRS sharing scheme to reduce DMRS overhead for such case. For instance, the UE could regard all the consecutive repetitions as a bundle, then UE determines the DMRS position following the current rules defined in the specification based on the duration of the bundle.
Similarly, the same DMRS sharing method could be defined for grant free PUSCH repetitions. 
Proposal 5: DMRS sharing should be considered for both grant-based and grant-free PUSCH mini-slot based repetitions.
· TBS determination 

In general, there is no much performance difference whether the TBS determination is based on the whole duration or based on the first repetition when both have the same DMRS overhead and targeting the same output coding rate. Given Rel-15 slot-based repetition is based on the first repetition and the number of symbols in each repetition could be also very small, e.g. 4 symbols, we prefer to reuse the legacy way.  
Similarly, the same TBS determination method could be defined for grant free PUSCH repetitions. 
Proposal 6: TBS determination based on the first repetition should be supported for both grant-based and grant-free PUSCH mini-slot based repetitions.
Grant-free PUSCH repetitions
· Time domain resource determination

One main procedure of UL/DL direction determination for grant free PUSCH in Rel-15 is listed as follows:
· Grant free PUSCH can be transmitted on uplink or flexible symbols configured by RRC slot configuration:
- For a set of symbols of a slot that are indicated to a UE as downlink by TDD-UL-DL-ConfigurationCommon, or TDD-UL-DL-ConfigDedicated, the UE does not transmit PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot. [Subclause 11.1, TS 38.213]. 
There are also some other procedures defined in current specifications for grant-free PUSCH. Given all the procedures may cause orphan symbols, we listed in the next discussion point ‘How to handle “orphan” symbols’.
Proposal 7: For grant-free PUSCH repetitions, the time domain resources for the remaining repetitions are derived based at least on the resources for the first repetition and the following procedure of UL/DL direction determination: 
- Grant free PUSCH can be transmitted on uplink or flexible symbols configured by RRC slot configuration.
· How to handle “orphan” symbols
[bookmark: OLE_LINK6]In current NR specification, there are three following cases possibly causing collision of grant free transmission and slot configuration/SFI, which further incurs orphan symbols. 
· 
Case 1: If a set of symbols of a slot is configured for grant free PUSCH, and the UE detects a DCI indicating to the UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, the UE cancels the PUSCH transmission in remaining symbols from the set of symbols, but does not expect to cancel the transmission in symbols from the subset of symbols within the PUSCH preparation time  .
· Case 2: If the UE is configured by higher layers to transmit PUSCH in the set of symbols of the slot, and if the UE detects an SFI-index field value in DCI format 2_0 indicates the set of symbols of the slot as downlink or flexible, the UE will cancel the PUSCH transmission in the slot. 
· Case 3: If a UE is configured by higher layers with parameter SlotFormatIndicator, but the UE does not detect a DCI format 2_0 providing a slot format for the slot, the UE does not transmit a configured PUSCH in the slot, starting from a symbol X that is a number of symbols equal to the PUSCH preparation time N2 for the corresponding PUSCH timing capability after a last symbol of a CORESET where the UE is configured to monitor PDCCH for DCI format 2_0. The UE does not expect to cancel the transmission of the PUSCH starting before the symbol X. 
For above cases, a common consequence is some of repetitions would be canceled due to collision with slot configuration/SFI, without transmitting PUSCH on the orphan symbols. Unlike grant based PUSCH repetitions, grant-free PUSCH is originally targeted for low latency, which may not desirable to always postpone the transmission if there are still lots of remaining symbols left, e.g. 6 orphan symbol left for a 7-symbol mini-slot repetition. Therefore, further considerations on UE behavior on the orphan symbols should be considered. 
In addition, to ensure K repetitions, if a repetition with orphan symbols is skipped, it is not counted in the total number of repetitions. 
Proposal 8: For grant-free PUSCH repetitions, 
- FFS the UE behavior on the orphan symbols
- if a repetition with orphan symbols is skipped, it is not counted in the total number of repetitions. 
· Frequency hopping
As listed in TS 38.214, the starting location of the initial transmission of a TB and frequency hopping boundary are determined by the transmission occasion and RV sequence for slot-based repetition. Such a frequency hopping mechanism can be reused for mini-slot based repetitions within a slot with following modifications.
· [bookmark: OLE_LINK12]For RV sequence {0, 0, 0, 0}, the initial transmission may start at any of the transmission occasions of the K repetitions. To ensure there always contains frequency hopping during the repetition transmission, the hopping boundary can occur at each repetition.
· [bookmark: OLE_LINK11]For RV sequence {0, 2, 3, 1}, data must be transmitted on the transmission occasion of RV=0. To reduce the transient period of power on/off and the RS overhead due to frequency hopping, it is better to only have two hops, e.g., the first hop is floor (K/2), the second hop is ceil (K/2), where K is the number of repetition.
· [bookmark: OLE_LINK7][bookmark: OLE_LINK10]For RV sequence {0, 3, 0, 3}, the start location of the initial transmission may be any of the transmission occasions are associated with RV=0. It can have the same hopping pattern as RV sequence {0, 2, 3, 1}. However, if the initial transmission starts from the second TO with RV0, there might no hopping between the remaining repetition transmission. An example is shown in Figure 1-a. Another hopping pattern is shown in Figure 1-b, which always contains frequency hopping no matter the initial transmission starts from the first or second TO with RV0. In our views, the later hopping pattern is better in terms of frequency diversity for all cases.


       
Figure 1-a Hopping pattern 1                                            Figure 1-b Hopping pattern 2
Figure 1. Frequency hopping pattern for RV{0, 3, 0, 3}
Proposal 9: For the inter-repetition frequency hopping, the hopping pattern design can be based on the repetition number and the configured RV sequence: 
· For RV sequence {0, 0, 0, 0}, hopping boundary can occur at each repetition.
· For RV sequence {0, 2, 3, 1}, the first hop is floor (K/2), the second hop is ceil (K/2), where K is the repetition number.   
· For RV sequence {0, 3, 0, 3}, the first hopping boundary occurs between the first TO with RV0 and the first TO with RV3, the second hopping boundary occurs between the second TO with RV0 and the second TO with RV3.
 Definition of available symbols or slots
In Rel-15, if the UE is configured with pusch-AggregationFactor, the same symbol allocation is applied across the pusch-AggregationFactor consecutive slots. If one transmission in a slot collides with slot configuration, the transmission on that slot is omitted and not counted as a valid slot for multi-slot PUSCH transmission. For URLLC traffic, things are different, where all K repetitions should be guaranteed and transmitted as soon as possible. It means the K repetitions should be transmitted in consecutive available slots and started in the first available UL symbols in each slot. Thus, the following two issues need to be discussed. 
· The definition of available slots 
· The definition of first available symbols in each slot
Firstly, a valid slot should contain enough uplink or flexible symbols at least larger than the number of symbols needed for one repetition. Furthermore, if there are downlink symbols before uplink/flexible symbols in one slot according to slot configuration, there might need a guard period (GP) for switching from DL to UL. An example with K=4 and each repetition of two symbols is shown in Figure 2. The first three transmissions are transmitted in slot #n, and the last one is in slot #n+1. That is both slot n# and slot#n+1 are available slots for transmission. If one symbol is used for GP, the first available symbol is the second flexible symbol in slot#n+1. 


Figure 2. K mini-slot grant-based PUSCH repetitions across the slot boundary.
In conclusion, the number of uplink or flexible symbols in the slot is larger than the total number of symbols needed for one repetition and GP. The first available symbols in the available slot is the first uplink or flexible symbols other than the symbols used for GP. 
Note, if one repetition is agreed to transmit on orphan symbols, the repetition may not be a full repetition.
Proposal 10: For grant-based PUSCH repetitions, an available slot contains enough uplink or flexible symbols, which is larger than the total number of symbols needed for one repetition and GP. 
· The first available symbols in the available slot is the first uplink or flexible symbols other than the symbols used for GP. 
· Note, the repetition could be a full repetition or a repetition could be transmitted on orphan symbols if supported. 
 Conclusion
According to the analysis given above, we have the following proposals:
Proposal 1: For grant-based PUSCH enhancement, mini-slot based repetitions is supported. 
Proposal 2: For grant-based PUSCH repetitions, the time domain resources for the remaining repetitions are derived based at least on the resources for the first repetition and the following procedures of UL/DL direction determination: 
- Grant based PUSCH can be transmitted on flexible symbols configured by RRC slot configuration:
- Transmission direction indicated by SFI is not expect to be contradict with the grant based PUSCH:
- Grant based PUSCH can be transmitted on flexible symbols indicated by SFI.
- If the repetitions cross slot boundary, the UE does not transmit the PUSCH in a slot if at least one symbol from a set of symbols where the UE is scheduled PUSCH transmission in the slot is a downlink symbol. The omitted repetition is not counted in the total number of repetitions. 
Proposal 3: For grant-based PUSCH repetitions, the UE does not transmit PUSCH on the orphan symbols and the skipped repetition with orphan symbols is not counted in the total number of repetitions. 
Proposal 4: For grant-based PUSCH repetitions, inter-PUSCH-repetition hopping and inter-slot hopping cannot be enabled simultaneously. 
Proposal 5: DMRS sharing should be considered for both grant-based and grant-free PUSCH mini-slot based repetitions.
Proposal 6: TBS determination based on the first repetition should be supported for both grant-based and grant-free PUSCH mini-slot based repetitions.
Proposal 7: For grant-free PUSCH repetitions, the time domain resources for the remaining repetitions are derived based at least on the resources for the first repetition and the following procedure of UL/DL direction determination: 
- Grant free PUSCH can be transmitted on uplink or flexible symbols configured by RRC slot configuration.
Proposal 8: For grant-free PUSCH repetitions, 
- FFS the UE behavior on the orphan symbols
- if a repetition with orphan symbols is skipped, it is not counted in the total number of repetitions. 
Proposal 9: For the inter-repetition frequency hopping, the hopping pattern design can be based on the repetition number and the configured RV sequence: 
· For RV sequence {0, 0, 0, 0}, hopping boundary can occur at each repetition.
· For RV sequence {0, 2, 3, 1}, the first hop is floor (K/2), the second hop is ceil (K/2), where K is the repetition number.   
· For RV sequence {0, 3, 0, 3}, the first hopping boundary occurs between the first TO with RV0 and the first TO with RV3, the second hopping boundary occurs between the second TO with RV0 and the second TO with RV3.
Proposal 10: For grant-based PUSCH repetitions, an available slot contains enough uplink or flexible symbols, which is larger than the total number of symbols needed for one repetition and GP. 
· The first available symbols in the available slot is the first uplink or flexible symbols other than the symbols used for GP. 
· Note, the repetition could be a full repetition or a repetition could be transmitted on orphan symbols if supported. 
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