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Introduction
In RAN1 #96bis, the following agreements were made on PUSCH enhancements for NR URLLC [1]:
Agreements:
· Option 5 is not considered further as part of PUSCH enhancements.
Agreements:
For option 4, dynamic indication of the nominal number of repetitions in the DCI scheduling dynamic PUSCH is supported for PUSCH enhancements. The dynamic indication can be enabled or disabled by the gNB.
· [bookmark: _GoBack]FFS the exact signaling method
· FFS the exact DCI format(s)
· FFS the exact mechanism to enable or disable
· FFS the DCI activating type 2 configured grant PUSCH
Agreements:
For option 6,
· For dynamic PUSCH
· For semi-static DL symbol(s), to down-select
· Option 1: it is not expected that the resource allocation has conflict with semi-static DL symbol(s).
· Option 2: if the resource allocation has conflict with semi-static DL symbol(s), the repetition is not transmitted.
· For dynamically indicated DL symbol(s) (via format 2_0), it is not expected at the UE that the resource allocation has conflict with dynamically indicated DL symbol(s).
· Note: this is the same as Rel-15 behavior.
· For configured grant PUSCH,
· For type 1 configured grant PUSCH, and PUSCH other than the first PUSCH (including all repetitions) associated with the type 2 configured grant activation,
· If a repetition conflicts with semi-static DL symbol(s), the repetition is not transmitted. 
· FFS: If a repetition conflicts with dynamically indicated DL symbol(s) (via format 2_0), the repetition is not transmitted. 
· FFS For the first PUSCH (including all repetitions) associated with the type 2 configured grant activation, follow the same handling as dynamic PUSCH.
Agreements:
· For option 6, at least for dynamic grants, it is not expected that one repetition (i.e., one SLIV) spans across slot boundary.
Agreements:
For both option 4 and 6, frequency hopping is supported
· FFS details
In this contribution, further discussion on PUSCH enhancements for URLLC focusing on option 4 and 6 is provided.

Discussion
Option 4 vs. option 6
A main benefit of option 4 compared to the original option 1 and 2 is its large flexibility. That is, option 4 can support both mini-slot repetition and multi-segment transmission and their dynamic change by gNB scheduler’s choice. If a nominal PUSCH repetition meets a slot boundary or a boundary of UL periods, it is segmented into multiple repetitions, rather than being delayed or dropped. Therefore, option 4 can avoid orphan symbol in principle.
However, except the first repetition, the remaining consecutive repetition(s) are continuously mapped on a set of valid UL (and flexible) symbols, and their location is implicitly determined by the SLIV and the slot format configuration. There are two problems in this mechanism.
· No gap for other UL/DL signals/channels: In option 4, it is very difficult to avoid PUCCH/SRS symbols which belong to the whole duration of a PUSCH scheduling. Also, it is difficult to utilize semi-static flexible symbols as desired. For example, use cases such as dynamic guard period allocation, opportunistic DL transmission in the middle of a flexible part, are not allowed if the flexible part is occupied by a PUSCH repetition.
· Potential orphan symbol due to drop of a repetition: A PUSCH repetition can be dropped if it is not expected to contribute much to meet the target reliability, i.e., if it meets a certain condition (number of symbols, code rate, etc.). A dropped repetition will make orphan symbol(s) similar to option 1, which may influence the reliability and the resource efficiency after all.
To resolve the first problem, additional signalling or complicated PUSCH mapping rule may be required to derive valid and desired UL periods. However, considering the flexible/dynamic NR TDD operations, it seems difficult to clearly define a common rule for this under option 4.

Rather, option 6 is relatively a simple extension from the legacy PUSCH transmission with a single repetition. Each PUSCH repetition is explicitly scheduled by each SLIV, and all the SLIVs are indicated by a single DCI. Consequently, in principle, the scheduler can always avoid the above two problematic situations by properly setting the TDRA RRC table and dynamically choosing an entry from the table. However, there are two practical concerns on this option:
· RRC table signalling overhead: Considering flexible TDD UL/DL configurations, too many RRC table entries may be needed. The current 4-bit TDRA field in the DCI may not be sufficient.
· Applicability to CG-PUSCH: Since CG-PUSCH resources are semi-persistently scheduled, the benefit of option 6, dynamic and flexible allocation, may not be well achieved.
In our view, option 6 is equally applicable to CG-PUSCH except a slight difference in type 1 CG where there is no DCI indication. Regarding the signalling overhead, there are a couple of options to reduce the number of RRC table entries if the overhead is really not affordable. The agreements in the last meeting for option 6 also tries to address the concern. Therefore, a key difference between the options is that while the problems listed in option 4 look difficult to be overcome, the concerns with option 6 can reasonably be resolved. In the next section, more details of option 6 are discussed.
Proposal 1: Support option 6 for PUSCH enhancements for Rel-16 URLLC.

Details of option 6
Interpretation of SLIVs
In Rel-15 NR, the value of S (starting symbol) for a SLIV is interpreted as a symbol index within a slot (i.e., relative to a slot boundary). This rule is not efficient for URLLC since there can be many possible PUSCH (and PDSCH) starting points in a slot, and thus it is being discussed how to interpret the S in the PDCCH enhancements sub-agenda. Moreover, in option 6, a TDRA can have multiple SLIVs. If option 6 is supported, how UE interprets the meaning of S for each SLIV needs to be determined.
Table 1 shows an example of the extended TDRA RRC table for option 6, and Fig. 1 illustrates resource mapping examples for PUSCH repetition corresponding to each entry in Table 1. Each table entry can have one or multiple SLIVs, and each SLIV determines the location of one (or more) PUSCH repetition.

Table 1. An example of extended RRC table for PUSCH TDRA
	Entry
	Slot offset
	PUSCH mapping type
	1st SLIV
	2nd SLIV
	3rd SLIV
	Aggregation factor (opt.)

	0
	0
	Type B
	Value A
	-
	-
	1

	1
	0
	Type B
	Value B1
	Value B2
	-
	1

	2
	0
	Type B
	Value C1
	Value C2
	Value C3
	1

	3
	0
	Type B
	Value D1
	Value D2
	-
	2





Fig. 1. Examples of PUSCH resource mapping corresponding to Table 1.

Here is our proposal on the SLIV interpretation for option 6. The value of S in the 1st SLIV is interpreted as a symbol offset relative to one of PDCCH symbol(s). This can be a common part for all dynamic PDSCHs/PUSCHs for URLLC irrespective of whether the repetition is applied or not. For option 6, the value of S in the following SLIVs is interpreted as a symbol offset relative to the last symbol of the last PUSCH repetition. This method is represented in Fig. 1. For example, in the case of entry 1, UE regards S=3 in the 1st SLIV as a symbol offset of 3 from the UL grant symbol, and S=6 in the 2nd SLIV as a symbol offset of 6 from the end symbol of the 1st PUSCH repetition.
According to this approach, UE can find the slot to each repetition belongs as an outcome of the interpretation of S. For example, for entry 1, the UE gets to know the 1st repetition is in slot n and the 2nd repetition is in slot (n+1) based on each corresponding SLIV. In contrast, if the legacy interpretation rule is reused, the slot index for each repetition may need to be additionally signalled to UE.
Proposal 2: For option 6, the number of repetitions and information of mapping of the repetitions to slots are implicitly indicated by SLIV(s).
· The value of S of the 1st SLIV is interpreted as a symbol offset relative to one of PDCCH symbol(s).
· FFS: Interpretation for type 1 CG (no DCI case)
· The value of S of the following SLIVs is interpreted as a symbol offset relative to the last symbol of the last PUSCH repetition.

Repetition factor
In option 6, UE acquires the number of repetitions by counting the number of SLIVs in a TDRA. Therefore, the meaning of the repetition factor (aggregation factor) also needs to be revised. One possible modification is:
1) A set of slots where N PUSCH repetitions are mapped is determined by N SLIVs
2) The set of slots is repeated K times where K is the repetition factor.
In this way, total N*K PUSCH repetitions can be scheduled by one UL grant. This approach is also illustrated in Table 1 and Fig. 1. For example, for entry 3, total 4 PUSCH repetitions are allocated to 4 consecutive slots according to 2 SLIVs and the repetition factor of 2. Due to tight latency requirement of URLLC, the slot-group level repetition may not be useful in the case of dynamic PUSCH. However, for CG-PUSCH, it may be used to make a repeated resource pattern within a periodicity.
Proposal 3: For option 6, the meaning of the repetition factor is clarified.

Conflict with semi-static DL symbols
In the last meeting, as a means to decrease the RRC table overhead, it was proposed to allow conflict between PUSCH symbols and semi-static DL symbols. In our view, in Rel-16 eURLLC, it is important to keep the basic principle of the Rel-15 NR TDD overriding rules as much as possible. In this sense, while the conflict for CG-PUSCH is natural, the collision between dynamic PUSCH and semi-static DL should be avoided by the scheduler as a baseline. Even though UE is allowed to transmit a part of PUSCH repetitions based on the collided scheduling, the successful decoding of the packet may not be guaranteed. Moreover, the number of the RRC table entries can be decreased in different ways. For example, as aforementioned, using proper SLIV interpretation can greatly reduce the RRC table size.
Therefore, it is preferred to further discuss the necessity of collision between dynamic PUSCH and semi-static DL focusing on whether the current 4-bit TDRA field is sufficient or not in option 6.
Proposal 4: For option 6, further discuss the necessity of allowing collision between dynamic PUSCH and semi-static DL.

Configured grant PUSCH
In our understanding, option 6 is applicable for CG-PUSCH almost in the same way as the case of dynamic PUSCH. That is, the start and the length of each CG resource can be indicated by activation/re-initialization DCI or configured by RRC, and the configured set of CG resource(s) periodic and semi-persistently occurs until there is a re-initialization or reconfiguration signalling.
One slight difference in CG-PUSCH is that in the case of type 1 CG, the rule of interpreting the 1st SLIV can be different from that of the dynamic PUSCH since there is no UL grant. Another difference is that as agreed in the last meeting, the a PUSCH repetition based on the CG can collide with semi-static DL symbol(s), and if this case happens, the PUSCH repetition is dropped. However, this fundamentally comes from the different collision handling rules between dynamic and semi-static allocations, and is quite orthogonal to the applicability of option 6.
Regarding the CG-PUSCH, there are two FFS points in the last meeting’s agreements. In our view, both statements are considered as natural to be supported.
Proposal 5: For option 6 and CG-PUSCH, if a repetition conflicts with dynamically indicated DL symbol(s) (via format 2_0), the repetition is not transmitted.
Proposal 6: For option 6, for the first PUSCH (including all repetitions) associated with the type 2 configured grant activation, follow the same handling as dynamic PUSCH.

UCI multiplexing/dropping to PUSCH enhancement
The Rel-15 TS 38.213 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
Alt 1 effectively chooses one traffic based on the priority. This is the simplest way but they restrict the scheduler’s implementations.
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 1: It is beneficial to allow UL grant before DL assignment in Rel-16 eURLLC.

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 2: The UCI multiplexing/dropping rule is related to intra-UE UL multiplexing.
[bookmark: _Ref534965596]Proposal 7: Further study how to deal with UCI multiplex/dropping for the PUSCH enhancement.


Conclusion
In this contribution, we discuss PUSCH enhancements for NR URLLC. In particular, option 4 and option 6 are compared and details of option 6 are discussed. The following observations and proposals are drawn:
Proposal 1: Support option 6 for PUSCH enhancements for Rel-16 URLLC.
Proposal 2: For option 6, the number of repetitions and information of mapping of the repetitions to slots are implicitly indicated by SLIV(s).
· The value of S of the 1st SLIV is interpreted as a symbol offset relative to one of PDCCH symbol(s).
· FFS: Interpretation for type 1 CG (no DCI case)
· The value of S of the following SLIVs is interpreted as a symbol offset relative to the last symbol of the last PUSCH repetition.
Proposal 3: For option 6, the meaning of the repetition factor is clarified.
Proposal 4: For option 6, further discuss the necessity of allowing collision between dynamic PUSCH and semi-static DL.
Proposal 5: For option 6 and CG-PUSCH, if a repetition conflicts with dynamically indicated DL symbol(s) (via format 2_0), the repetition is not transmitted.
Proposal 6: For option 6, for the first PUSCH (including all repetitions) associated with the type 2 configured grant activation, follow the same handling as dynamic PUSCH.
Observation 1: It is beneficial to allow UL grant before DL assignment in Rel-16 eURLLC.
Observation 2: The UCI multiplexing/dropping rule is related to intra-UE UL multiplexing.
Proposal 7: Further study how to deal with UCI multiplex/dropping for the PUSCH enhancement.
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