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Introduction
In the RAN#80 meeting, Rel-16 NR eURLLC L1 study item [1] approved that includes following objectives for enhancements on PUSCH: 
· PUSCH Enhancements. Study focus on mini-slot level hopping & retransmission/repetition enhancements.
Accordingly, on the corresponding discussion in the previous meeting, the following was agreed [2] [3]:
	RAN1#95
Agreements:
Support at least one of the following for one TB:
· One UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots
· 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
· 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.
· FFS the definition of available slots

RAN1#AH-1901
[bookmark: _Hlk956004]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 “twomulti-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) 
· Alt1: One repetition spans across more than one UL periods.
· This implies that DMRS is required for each UL period.
· Note: it is agreed in previous meetings that one PUSCH instance is not across a slot boundary
· Each repetition occupies contiguous symbols available for potential UL transmission across one or more UL periods
· Alt2: 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.
· FFS Transmission of the repetitions spanning across more than two slots is not supported.
· 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 “two-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.



In the last RAN1 #AH1901 meeting, detailed descriptions of option 1(mini-slot based repetitions) and option 2(multi-segment transmission) have been specified. In this contribution, we show our views on the details for the two potential PUSCH enhancement schemes for Rel-16 eURLLC.
[bookmark: OLE_LINK1]Discussions
View on details of the time domain resource determination
Mini-slot based repetitions
For mini-slot based repetitions, the agreements have been reached that the time domain resource for the first repetition is indicated by the TDRA field in the DCI and time domain resource for the remaining repetitions are derived based on the resource for the first repetition and the UL/DL direction of the symbols. Firstly, we should decide how to derive the time domain resources for remaining repetitions. Then due to the interaction of the UL/DL direction, the derived time domain resource is capable to be applied to the remaining transmission or not. To simplify the time domain resource derivation of the remaining repetitions, a terminology ‘transmission occasion’ utilized in Rel.15 for slot-based repetition transmission can be introduced to facilitate the time domain resource derivation. Some views on the time domain resource derivation are shown as below.
Firstly, derivation of time domain resource lies in how to determine the start symbols and durations for the remaining repetitions. For simplicity, we consider that a slot starting from starting symbol S indicated by DCI is divided into transmission occasions by a duration L indicated by DCI. Each transmission occasion starts following the most recent repetition transmission. As illustrated in Fig.1(a), a slot starting from starting symbols S (e.g.symbol #0) indicated by DCI is divided into transmission occasions by a duration L indicated by DCI. Be specific, the first transmission occasion starts from the starting symbol S indicated by the time domain resource assignment field in the DCI. The first transmission occasion is for the first repetition. The second transmission occasion follows consecutively the previous transmission occasion (first repetition). The first, second, third transmission occasions occupy the same duration L indicated by DCI. The duration for fourth transmission occasion will not cross the slot boundary. 
Secondly, determine whether the determined transmission occasion can be applied to the remaining repetition transmission. Due to confliction of DL symbols and slot boundary, symbols within certain transmission occasion are not sufficient to carry one full repetition. As shown in Fig.1(b), the second and forth transmission occasions cause orphan symbols. Basically, how to handle the orphan symbols is related to two alternatives. Alternative 1 is whether the duration for the remaining repetitions can be larger than the durations indicated by DCI. Alternative 2 is whether duration for the remaining repetitions can be smaller than the durations indicated by DCI.
Alternative 1 allows the orphan symbols to be involved in the most recent previous mini-slot repetitions. Alternative 1 is available only in case the orphan symbols consecutively follow the symbols of the most recent previous mini-slot repetitions. If orphan symbols do not consecutively follow the symbols of the previous repetitions, the orphan symbols cannot be merged to previous transmission.
Alternative 2 allows the orphan symbols, which are less than the durations indicated by DCI, to be used for a mini-slot repetition. The question lies in how many symbols can be allowed for one time mini-slot repetition with an indicated duration. Given the packet size for 1ms stringent requirement is small, the orphan symbols being larger than 1 symbol can be used for one time mini-slot repetition so that the resource can be efficiently utilized. If the orphan symbols within the transmission occasion can not be capable to be used for transmission as shown in Fig.1(c), the repetition transmission is postponed to next transmission occasion. In case of Fig.1(c), orphan symbols are dropped for the mini-slot repetition. From the resource utilization perspective, it is some kinds of resource waste. 


Fig.1: Time domain resource for mini-slot repetition
[bookmark: _Hlk1140769]Observation 1:
· To simplify the time domain resource derivation for remaining mini-slot repetitions, transmission occasion can be introduced for facilitating the time domain resource derivation.
· [bookmark: _Hlk1140723]A slot starting from starting symbol S indicated by DCI is divided into transmission occasions by a duration L indicated by DCI.
· Each transmission occasion consecutively follows the previous transmission occasions.
· Slot boundary and confliction with DL symbols may result in the orphan symbols in certain transmission occasion.
· To efficiently/aggressively utilize the resource, orphan symbols with length >1 can be considered for being used for one time mini-slot repetition.
Multi-segment transmissions
For time domain resource derivation for multi-segment transmission, two options (multi SLIVs or single SLIV) were discussed in last meeting. Multi SLIVs indicating the starting symbols and the durations of each repetition benefit in the scheduling flexibility. However, the number of repetitions or transmission segments should be also indicated to UE via RRC or DCI field. Furthermore, the more slots multi-segment transmissions occur in, the more SLIVs combinations it yields. The more SLIVs combination naturally requires a more DCI bits, which cause DCI overhead. 
Single SLIV supporting the cases with S+L>14 seems to be more suitable for dynamic scheduling and latency reductions. Current Rel.15 limits L<=14-S and yields 105 valid combination SLIVs of start symbols and duration. In RRC signalling, the index startSymbolAndLength is within 0-127 and network configures the index so that the duration L does not cross the slot boundary. To enhance the multi-segment transmission by modifying SLIV to support the case with S+L>14 and L<=14, the number of combinations of start symbol and length is increased to log2(14*14). Then the index startSymbolAndLength in RRC can be updated to 0-255 and network can configure it to also support the case with S+L>14 and L<=14.There is not much impact on specification.


Fig.2: SLIV case with S+L>14 and L<=14
Observation 2:
· Multi SLIVs indicating the starting symbols and the duration of each repetitions cause DCI overhead, although it benefits in more scheduling flexibility.
· Modifying SLIV to support the cases with S+L>14 and L<=14 will not cause large specification impact and can support scheduling flexibility.
Proposal 1:
· Modifying SLIV to support the cases with S+L>14 and L<=14 should be used.

Views on details of TBS determination    
Mini-slot based repetitions
For mini-slot repetitions, TBS determination was considered whether based on the whole duration or first repetitions. We have agreed in last meeting that DCI indicates the time domain resource for the first repetition. Due to abrupt UL/DL direction confliction which cause orphan symbols and make some transmission omission, the whole transmission duration will change and can be different from the duration being used for TBS determination. Aligning common understanding of TBS duration between the network and UE is important. Hence, it is more suitable to determine the TBS based on the duration indicated by the DCI. 
Multi-segment transmission
For multi-segment transmission, time domain resource assignment field indicates the whole duration of all repetitions. TBS determination based on the duration indicated by the DCI make the network and UE align the unified TBS size.
Observation 3:
· TBS determination is based on the duration indicated by DCI, regardless of mini-slot transmission and multi-segment transmission.
Comparison between two schemes i.e. mini-slot based repetitions and multi-segment transmission
Many comparisons between mini-slot based repetitions and multi-segment transmission have been listed in [4]. The most important point is that the performance of one shot transmission with long duration using lower MCS outperform that of mini-slot based repetitions using higher MCS, which are illustrated in [5][6]. We want to take a typical scheduling case to analysis these two schemes. As shown in Fig.3, Network needs to schedule 14 symbols for PUSCH transmission. By multi-segment transmission as shown in Fig.3(a), network can simple schedule UE to perform 8 symbols PUSCH in first slot and 6 symbols PUSCH in next slot by only supporting the case S+L>14. However, in case of mini-slot repetition transmission, how should network schedule the duration for each repetition. Should network schedule the 4 symbols for each repetition like Fig.3(b). Compared to the Fig.3(a), unnecessary delay occurs. Otherwise, only use 2-symbosl orphan symbols for the last repetitions. Then we need to handle the 2-symbols orphan symbols which also require additional specification working. Another way is network can schedule the 2 symbols for each repetition by 7 times like Fig.3(c). By this way, issue of unnecessary delay or orphan symbols will not arise. However, the more shorter symbols are scheduled, the higher MCS is required. Meanwhile, 2-symbol mini-slot repetition give rise to the DMRS overhead and CRC overhead for each repetition. Especially for the DFT-OFDM case, the half resource is used for the DMRS and there is only one symbols for data transmission. As known, the eURLLC enhancement mainly aims to the use case of factory automation with stringent 1ms latency requirement, the additional 24 CRC bits would be an almost 10% burden of the small 32bytes packet size, especially for the 2 symbols duration of repetition. Hence the DMRS overhead and CRC overhead will raise the code rate and MCS. 
Observation 4:
· mini-slot based repetitions causes unnecessary symbol transmission to fulfil a rule of the same duration repetition comparing to multi-segment transmission.
· [bookmark: _GoBack]Increasing the repetition number of short length mini-slot repetition causes multiple of 24 bits CRC overhead. 


Fig.3: Resource scheduling between multi-segment and mini-slot repetition
As mentioned above, orphan symbols being dropped for mini-slot repetition is some kinds of conservative resource utilization. The discussion whether allow orphan symbols to be dropped or be transmitted, is similar with the discuss whether allow more than one segment repetition transmissions occur in a slot with more than one UL period. Basically, a slot including two DL/UL switching, which interrupt a consecutive available UL transmission within a slot into two or more UL periods may not be typical. A slot with {D/F/U} is more optimal. One-full-UL-period scenario is more optimal than more than one UL period scenario within a slot. Certainly, from an aggressive resource utilization perspective, it seems to be better that orphan symbols should be used for a mini-slot repetition and more than one UL period can be used for more than one segment repetitions within a slot, if present. In the other hand, orphan symbols are dropped and only one segment transmission is within one UL period even in the case the slot may include more than one UL period.
Observation 5:
· Optimize to one-full-UL-period scenario rather than more-than-one-UL-period scenario for both mini slot repetition and multi-segment transmission
Proposal 2:
· If aggressive resource utilization approach is adopted,
· Orphan symbol should be used for a mini-slot based repetition
· More than one UL periods within a slot should be used for multi-segment transmission.
· Otherwise,
· Orphan symbol should be dropped for mini-slot based repetition
· Only one segment transmission is within one UL period and other separated UL periods should be dropped for transmission.

Compared to the mini-slot based repetitions, which cause higher code rate and higher MCS and larger specification impact on handling orphan symbols, multi-segment transmission will not cause large specification impact and can reduce the latency with the scheduling flexibility. Given the fewer specification impact and performance improvement by lower MCS and code rate [5][6], the multi-segment transmission is preferred to support the potential enhancement of PUSCH.
Proposal 3:
· Multi-segments transmission is preferred to support the Rel-16 PUSCH enhancement. 
Conclusion
In this contribution, we have the following observations and proposals:
Observation 1:
· To simplify the time domain resource derivation for remaining mini-slot repetitions, transmission occasion can be introduced for facilitating the time domain resource derivation.
· A slot starting from starting symbol S indicated by DCI is divided into transmission occasions by a duration L indicated by DCI.
· Each transmission occasion consecutively follows the previous transmission occasions.
· Slot boundary and confliction with DL symbols may result in the orphan symbols in certain transmission occasion.
· To efficiently/aggressively utilize the resource, orphan symbols with length >1 can be considered for being used for one time mini-slot repetition.
Observation 2:
· Multi SLIVs indicating the starting symbols and the duration of each repetitions cause DCI overhead, although it benefits in more scheduling flexibility.
· Modifying SLIV to support the cases with S+L>14 and L<=14 will not cause large specification impact and can support scheduling flexibility.
Proposal 1:
· Modifying SLIV to support the cases with S+L>14 and L<=14 should be used.
Observation 3:
· TBS determination is based on the duration indicated by DCI, regardless of mini-slot transmission and multi-segment transmission.
Observation 4:
· mini-slot based repetitions causes unnecessary symbol transmission to fulfil a rule of the same duration repetition comparing to multi-segment transmission.
· Increasing the repetition number of short length mini-slot repetition causes multiple of 24 bits CRC overhead. 
Observation 5:
· Optimize to one-full-UL-period scenario rather than more-than-one-UL-period scenario for both mini slot repetition and multi-segment transmission.
Proposal 2:
· If aggressive resource utilization approach is adopted,
· Orphan symbol should be used for a mini-slot based repetition
· More than one UL periods within a slot should be used for multi-segment transmission.
· Otherwise,
· Orphan symbol should be dropped for mini-slot based repetition
· Only one segment transmission is within one UL period and other separated UL periods should be dropped for transmission.
Proposal 3:
· Multi-segments transmission is preferred to support the Rel-16 PUSCH enhancement. 
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