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1 Introduction
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]In the previous meeting #95, RAN1 agreed to the following description. Those texts covers all alternatives that are discussed. In this contribution, we share our view about those alternatives in more details.
	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



2 Discussion
2.1 Time domain resource allocation for PUSCH
2.1.1 Mini-slot based repetition
The agreements about mini-slot based PUSCH repetition are captured as below. According to contributions in the last meeting, most companies expressed their views about mini-slot based PUSCH repetition. 
	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
· …



There are two alternatives to achieve this behaviour. The first alternative is to allocate consecutive mini-slots to the PUSCH. The second alternative is to allocate non-consecutive mini-slots to the PUSCH. They are complementary in some sense.
· Alt 1: Consecutive mini-slot allocation 
· Alt 2: Non-consecutive mini-slot allocation 
The Alt 1 has less latency than the Alt 2. This is a big advantage but it is not perfect in terms of multiplexing other UL signal/channels. When the same UE is indicated to transmit an aperiodic SRS or PUCCH, the Alt 1 does not have room for other UL transmissions before the PUSCH occasion ends. UE could follow dropping/multiplexing rule for this resource collision as Rel-15 UE does. Since Rel-15 does not fully discuss two different types of traffic, the resource collision rule for Rel-16 eURLLC should need more discussion.
One example is that URLLC PDSCH generates HARQ-ACK and its PUCCH resource overlaps with URLLC PUSCH in some UL symbols. The Rel-15 behaves that HARQ-ACK is transmitted and the overlapped PUSCH instance is dropped. In our perspective, the URLLC PDSCH and the URLLC PUSCH are equally important.
[bookmark: _Ref534990972]Observation 1: Consecutive mini-slot allocation requires a new rule for UL resource collision.
When different UEs are indicated to transmit SRS or PUCCH, it causes interference at the serving gNB. Since URLLC PUSCH is urgent, those different UEs may not be pre-empted because Rel-15 eMBB UEs does not support such behaviour. It is up to UL scheduler to avoid/mitigate those possible interferences.
[image: ]			[image: ]
(a) Alt 1: Consecutive allocation		(b) Alt 2: Non-consecutive allocation
Figure 1. Time allocation for mini-slot based PUSCH repetition

On the other hand, the Alt 2 has no such issue because each mini-slot is not in a row. Each PUSCH instance has a period of less than one slot, e.g., 2 or 7 symbols. Thus, the allocated PUSCH does not consume all symbols for the other UL signal/channels. A single UE may not consider multiplexing/dropping rule for PUCCH and PUSCH, and different UEs’ UL transmission may experience less interference. One disadvantage of Alt 2 to Alt 1 is the increased latency. The PUSCH instance repeats because each PUSCH instance may not satisfy the performance requirement. If each PUSCH instance are spaced at every 7 symbols (a half slot), then there are at most two instances in one slot and finally a PUCCH occasion spans a few slots. This will be problematic when PUSCH occasion is retransmission. The Alt 1 is a better option for this case.
[bookmark: _Ref534990978]Observation 2: Non-consecutive mini-slot allocation requires more latency.
We collect advantages of above two alternatives for a compromised solution. This alternative is a combination of non-consecutive allocations of consecutive mini-slots. 
· Alt 3: Non-consecutive allocation of consecutive mini-slot allocations
The latency is reduced if PUSCH instances are consecutively transmitted, and the multiplexing capability is increased if PUSCH instances are not consecutively transmitted. The Alt 3 achieves both aspects of repetition, as illustrated in Figure 2. The Alt 3 has two hierarchical structure. A set of PUSCH instances repeats at a period of less than one slot (T1), and each set consists of PUSCH instances and are consecutively allocated. We believe that the Alt 3 may not require the new multiplexing/dropping rule for UL transmissions, and achieves less latency.
[image: ]
[bookmark: _Ref534990503]Figure 2. Alt 3: Proposed time allocation for mini-slot based PUSCH repetition
[bookmark: _Ref534991005]Proposal 1: If mini-slot based PUSCH repetition is introduced, one PUSCH occasion consists of one or more non-consecutive allocation of consecutive PUSCH instances.
2.1.2 Slot-based repetition
In this alternative, instead of mini-slot based PUSCH repetition, one or two PUSCH transmissions are considered. The serving gNB can allocate a sufficient amount of UL resource for target error rate, but sometimes it is not possible when the desirable time allocation should cross a slot boundary. This is the motivation of this alternative, and the previous agreement clearly captured this alternative. To reduce the CORESET overhead, one UL grant can allocate one resource allocation, but UE interprets two different PUSCH instances if a slot boundary lies between the allocated FL/UL symbols. However, the issue raised when a dynamic SFI is configured. A UE does not know the starting symbol of the next slot. Thus, this alternative says that a UL grant has many time allocations. 

	Agreements:
Support at least one of the following for one TB:
· …
· 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
· …



To be more specific, a single UL grant can indicate one or more time resources, which of each resource corresponds to a slot. It is noted that a time resource at each slot can vary independently. In the Figure 3, two instances are illustrated as one scheduling example. Each PUSCH instance occurs in distinct slot, and each time resource is indicated differently. Thus, each PUSCH instance can start and end at any symbols in a slot. This will give the gNB more flexibility if UEs are configured to the dynamic SFI.
For this alternative with the full flexibility, one UL grant can indicate one or more time resources. In addition, the Rel-15 behaviour is to explicitly indicate the time resource in the UL grant. In this sense, one UL grant can explicitly indicate one more time resource, i.e., SLIV. The new UL grant may extend its payload as many time domain allocations as its configured repetition factor. Thus, the discussion should find a way to keep the same payload for the Rel-15 UL grant. One possible solution is to increase RRC signalling overhead instead of L1 signalling overhead by reusing Rel-15 bit fields in the UL grant. This will reduce the specification efforts to build a new DCI format/size.
[image: ]
[bookmark: _Ref534980423]Figure 3 Proposed time allocation for slot based PUSCH repetition

[bookmark: _Ref534991011][bookmark: _GoBack]Proposal 2: If the slot based PUSCH repetition is introduced, two or more time resources are explicitly indicated in one UL grant without increasing payload.
2.2 UCI multiplexing/dropping to PUSCH repetition
The Rel-15 TS 36.213 describes UL multiplexing/dropping rule to ensure transmitting a single UL signal/channel when a UE is assigned to two or more UL signals/channels with overlapped UL symbols. Following this rule, the UE with the sufficient processing time can piggyback UCI on PUSCH or drop PUSCH to transmit PUCCH. This Rel-15 behaviour would be revised if two or more types of traffics are involved because, in our understanding, the Rel-15 discussion actually assumed one type of traffic. The Rel-16 discussion should include, for instance, UCI corresponds to eMBB and TB corresponds to URLLC, or vice versa. Thus, we can list the following basic alternatives.
· Alt 1: Apply a dropping rule, i.e., transmit only one PUCCH or PUSCH
· Alt 2: Apply a dropping rule or multiplexing rule depending on conditions
The Alt 1 effectively chooses one traffic based on the priority. This is the simplest way but they restrict the scheduler’s implementations. 
The Alt 2 requires precise conditions to determine whether drop or multiplex. One possible condition is the configured code rate, and predetermined set of available REs. In addition, one important thing to consider is that it also implies that the UL grant can be received before the DL assignment. In the Rel-15, the UCI multiplexing is valid only when UL grant comes later than the DL assignment. In our understanding, the Rel-16 eURLLC discussion can include UCI on PUSCH when UL grant comes before the DL assignment in order to further minimize the latency.
[bookmark: _Ref534990982]Observation 3: It is beneficial to allow UL grant before DL assignment in Rel-16 eURLLC study.
Furthermore, when UE decides to choose one traffic based on some conditions, this behaviour would be the outcome of discussion about the intra-UE multiplexing rule, which is Scenario 5 in the LS from RAN2 (R1-1900003 LS on Intra-UE Prioritization/Multiplexing). Thus, we believe that the PUSCH enhancement is quite involved with the other sub-agendas.
[bookmark: _Ref528952837]Observation 4: The UCI multiplexing/dropping rule is related to intra-UE UL multiplexing.
[bookmark: _Ref534965596]Proposal 3: Further study how to deal with UCI multiplex/dropping in the PUSCH enhancement study.
3 Conclusion
In this contribution, we have the following discussions:
Observation 1: Consecutive mini-slot allocation requires a new rule for UL resource collision.
Observation 2: Non-consecutive mini-slot allocation requires more latency.
Proposal 1: If mini-slot based PUSCH repetition is introduced, one PUSCH occasion consists of one or more non-consecutive allocation of consecutive PUSCH instances.
Proposal 2: If the slot based PUSCH repetition is introduced, two or more time resources are explicitly indicated in one UL grant without increasing payload.
Observation 3: It is beneficial to allow UL grant before DL assignment in Rel-16 eURLLC study.
Observation 4: The UCI multiplexing/dropping rule is related to intra-UE UL multiplexing.
Proposal 3: Further study how to deal with UCI multiplex/dropping in the PUSCH enhancement study.
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