
3GPP TSG RAN WG1 Meeting #96bis		                                                      R1-1905361
Xi’an, China, 8th – 12th April, 2019

Source:	CATT
[bookmark: Title]Title:	PUSCH enhancements for URLLC
[bookmark: Source]Agenda Item:	7.2.6.3
[bookmark: DocumentFor]Document for:	Discussion and Decision

[bookmark: _Ref521334010]Introduction
The URLLC work item was approved in RAN#83 [1]. PUSCH enhancements for both grant-based PUSCH and configured grant based PUSCH is one of the objectives in the WID noted as:
[bookmark: OLE_LINK5]Detailed objectives of the work item are the following:
· …
· Specification of PUSCH enhancements for both grant-based PUSCH and configured grant based PUSCH [RAN1]
· 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
· …
The work in this item shall follow the agreements made during the study item.

For support of cross slot boundary PUSCH transmission, “mini-slot based repetition” (option 1) and “multi-segment transmission” (option 2) were proposed with their own pros and cons. It was concluded to finalize the details on how to use “option 1” vs. “option 2” during WI phase taking option 4, 5 and 6 in [2] as a starting point.
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.

This contribution compares option 4, option 5 and option 6 and discusses some remaining issues for cross slot boundary PUSCH transmission. 
Discussion
Description of option 4, 5 and 6
The option 4, option 5 and option 6 summarized in [2] are copied here for easy reference. 
Option 4:
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.
· The number of the repetitions signaled 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 signaled 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 split 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 bit-width for TDRA is up to 4 bits.
· Note: different repetitions may have the same or different RV.







Option 5:
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.
· The number of the repetitions signaled 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 signaled 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.
· [bookmark: OLE_LINK4][bookmark: OLE_LINK6]L <= 14
· S+L can be larger than 14
· Note: different repetitions may have the same or different RV.






Option 6:
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
· 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.

Comparison of option 4, 5 and 6
Option 4 and option 5 are equivalent in case:
· Number of repetitions K=1, or
· Number of repetitions K>1 and the overall resources do not go across slot boundary
If K>1 and the overall resources go across slot boundary, only multi-segment transmission is supported for option 5 while both mini-slot repetition and multi-segment transmission are supported for option 4 by setting  K>1 and K=1 respectively. 
The overall resources are indicated by L*K in option 5 so that the total number of PUSCH symbols for multi-segment transmission can be larger than 14 even though L<= 14. Thus if L can be larger than 14, option 4 is a superset of option 5 by additionally supporting mini-slot repetition when the overall resources go across slot boundary as shown in Figure 1. 


Figure 1: cross slot boundary PUSCH transmission with total duration of 16 symbols
Therefore, gNB can semi-statically or dynamically switch between mini-slot repetition and multi-segment transmission by option 4 so that it is more flexible from gNB perspective and performance gain can be obtained in case mini-slot repetition outperforms multi-segment transmission in certain scenarios, e.g.
· shorter decoding time due to shorter duration of PUSCH repetition
· more frequency diversity gain for smaller allocations 
· more spatial diversity gain with different transmit precoders for different repetitions 
· more robust to DMRS miss-detection/false alarm c due to more DMRS

Otherwise if L>14 is not supported by option 4, in order to support PUSCH transmission of 16 symbols from the same starting symbol, one more segment is needed as shown in Figure 2. This may not be desirable since the coding rate of the second PUSCH would be very high with 2 symbols with one DMRS.


Figure 2: Option 4 with L not great than 14
Observation: With L>14, option 4 is a superset of option 5 and option 4 can additionally support mini-slot repetition in case the overall resources go across slot boundary.
Proposal 1: L>14 is supported for option 4.
Regarding the signalling of repetition factor, it can be semi-static or dynamic. If a UE supports mixed URLLC and non-URLLC (e.g. eMBB) traffic a single RRC configured number of repetitions may not be suitable particularly when URLLC and non-URLLC PUSCH repetitions are configured to be mini-slot-based and slot-based respectively. Another advantage of dynamically indicating the number of repetitions is to dynamically adjust the number of repetitions based on the interval between the starting symbol of the PUSCH and the slot boundary. An example is shown in Figure 3 where the total number of PUSCH symbols is 12 but the K could be different for different starting symbols.


Figure 3: different K depending on starting symbols
Therefore, it is proposed to dynamic indicate the repetition factor in DCI was has been included as one potential configurable fields in DCI for URLLC.
Proposal 2: Dynamic repetition number indication is supported for dynamic PUSCH and type 2 configured grant PUSCH for option 4 and option 5.
For option 6, the number of repetitions is signalled in the TDRA table. To be more specific, for each row of TDRA table, S and L for each repetition are configured. So from DCI overhead perspective, if we compare option 4/5 and option 6, we need to take indication of K into account. Assuming maximum of 2 bits of K in DCI and maximum of 4 bits of TDRA table row index for option 4/5, 6 bits in total are used. For option 6, 64 rows can be configured for TDRA table assuming same overhead in DCI. The configuration of option 6 can at least achieve the same S+L and K combinations as option 4/5, and can be even more flexible at the cost of higher RRC overhead. 
Based on the above discussion, it is proposed to down select between option 4 and 6.
Proposal 3: Down select between option 4 and option 6.
Other issue
RV determination
If a “nominal” repetition goes across the slot boundary or DL/UL switching point, this “nominal” repetition is split into multiple PUSCH repetitions. These multiple PUSCH repetitions may have very different durations. Some of the durations can be very short. If Rel-15 RV determination method is followed, the decoding performance may be negatively impacted since some of the coded bits are not skipped due to RV cycling. We think the RV determination should take the repetition length into account. 
Proposal 4: The RV determination should consider the repetition length.
Conclusion
This contribution compared option 4, 5 and 6 with the following proposals.
Observation: With L>14, option 4 is a superset of option 5 and option 4 can additionally support mini-slot repetition in case the overall resources go across slot boundary.
Proposal 1: L>14 is supported for option 4.
[bookmark: _GoBack]Proposal 2: Dynamic repetition number indication is supported for dynamic PUSCH and type 2 configured grant PUSCH for option 4 and option 5.
Proposal 3: Down select between option 4 and option 6.
Proposal 4: The RV determination should consider the repetition length.
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