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Introduction
[bookmark: _Hlk22834419]The NR coverage enhancement WI was approved in RAN#90 [1]. One objective is to specify improvements for PUSCH.

	· Specification of PUSCH enhancements [RAN1, RAN4]
· Specify the following mechanisms for enhancements on PUSCH repetition type A [RAN1]
· Increasing the maximum number of repetitions up to a number to be determined during the course of the work.
· The number of repetitions counted on the basis of available UL slots.
· Specify mechanism(s) to support TB processing over multi-slot PUSCH [RAN1]
· TBS determined based on multiple slots and transmitted over multiple slots. 
· Specify mechanism(s) to enable joint channel estimation [RAN1, RAN4]
· Mechanism(s) to enable joint channel estimation over multiple PUSCH transmissions, based on the conditions to keep power consistency and phase continuity to be investigated and specified if necessary by RAN4 [RAN1, RAN4]
· Potential optimization of DMRS location/granularity in time domain is not precluded
· Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation [RAN1]


This contribution discusses mechanisms for enhancements on PUSCH repetition type A.
Maximum number of repetitions
During the study phase of Rel-17 coverage enhancement, increasing the maximum number of repetitions supported for PUSCH repetition Type A was discussed. Evaluation results in [2] showed gains with a number of repetitions up to 8 without HARQ, and with 16 repetitions compared to using HARQ with half the number of repetitions. Allowing a larger number of repetitions is useful in situation of extreme coverage when latency is not the main requirement, and it provides additional flexibility to the scheduling. A value of 16 for PUSCH repetition Type A is already allowed by the specifications when the indication of number of repetitions is given by the TDRA table. If a value larger than 16 is introduced, it needs to be added to the values supported by the TDRA table. The size of the TDRA table can remain unchanged with no change in the size of the signaling in DCI format scheduling the PUSCH.  Also, for PUSCH repetition Type A when the number of repetitions is not provided by the TDRA table configuration and the UE is configured with pusch-AggregationFactor, the number of repetitions is equal to the configured value for pusch-AggregationFactor, and the maximum value in Rel-16 is 8.
Proposal 1: The maximum number of repetitions for transmission of PUSCH repetition Type A is at least 16. If a corresponding need is identified, additional values can be 24 or 32.
Available slots for PUSCH repetitions
In Rel-16, the number of Type A PUSCH repetitions N corresponds to the number of consecutive slots where the UE transmits the PUSCH. The actual number of PUSCH repetitions can be less than N when any of the scheduled slots is not available for the PUSCH transmission in which case the UE drops the PUSCH repetition. Alternatively, based on the WID and as for Rel-16 PUCCH repetitions, the number of PUSCH repetitions N can be interpreted as the number of non-consecutive slots over which the UE transmits the PUSCH. The actual number of PUSCH repetitions can be N even when some slots are not available for PUSCH repetitions in which case the UE postpones the PUSCH repetition. 
When the gNB configures a UE to transmit a number of repetitions over a number of slots, the UE may or may not transmit PUSCH repetitions in all of the slots (e.g. due to DL/UL directional conflicts). Dropping repetitions has the advantage of no additional latency; however, latency is already not a major concern while PUSCH coverage that is the actual objective can be degraded, especially for configured grant PUSCH. Considering that the number of repetitions is chosen in order to have a certain coverage, if not all repetitions are transmitted, coverage can be impacted. The gNB can overprovision the number of repetitions to account for dropped repetitions but that would result to variable reception reliability or unnecessary resource overhead and UE power consumption when the actual number of repetitions is larger than a required one. It is also possible to consider support for the gNB to indicate early termination of the repetitions but that is also unlikely to provide any material benefit as it transfers some of the overhead from the UL to the DL, though the requirement to transmit PDCCH with large CCE aggregation level (UE is coverage limited), and would only be meaningful if the number of repetitions is large or if the gNB made large errors in the coverage requirements of the UE. 
[bookmark: _GoBack]Postponing repetitions has the advantage that PUSCH is received with the required reliability because all repetitions are transmitted. However, latency will increase, and there may even be HARQ stalling. It also needs to be considered that postponing use of resources will have an impact on the scheduling which needs to reserve resources to accommodate the additional transmissions within a certain time period. There are advantages and disadvantages with both dropping and postponing repetitions, hence it is beneficial to allow either dropping or postponing repetitions in order to adapt the PUSCH transmission depending on the required performance and scenarios.   
Observation 1: It is beneficial for a gNB to configure whether the UE transmits an actual number of repetitions to be equal to the number of nominal repetitions. 
Observation 2: It is beneficial for a gNB to configure whether the UE transmits an actual number of repetitions to be only in the number of slots configured to the UE for the PUSCH transmission or whether UE can use additional slots so that the number of symbols for the indicated nominal repetitions is achieved.

Postponing repetitions is useful to improve reliability at the cost of additional latency and additional resources. The amount of postponed repetitions has to be chosen as a trade-off between reliability and latency/resources and be adapted to the requirements of a PUSCH transmission. The maximum number of postponed slots should be specified and that can also bridge the two extremes of always dropping or always postponing (0 postponed slots means always drop, a very large number/infinite of postponed slots means always postpone). This approach provides better control to the network for how the UE transmits the repetitions while enabling both dropping and postponing as operated in Rel-16. 
Proposal 2: Enable a network configuration of a number of slots that the UE can postpone repetitions of a PUSCH transmission.

For PUSCH repetition Type A, the number of repetitions either provided by higher layer or by a TDRA table as in Rel-16 (with any enhancement related to the maximum number of repetitions to be discussed) can be interpreted by a UE as the number of available slot over which the UE transmits PUSCH repetitions. Additionally, the UE may need to be configured whether to drop or postpone a repetition that could not be transmitted in the scheduled slot (including a maximum number of slots over which repetitions can be postponed). If for example a TDRA table is used to indicate the number of repetitions, and the TDRA table applies to both repetitions Type A and Type B, the configuration of postponing repetitions has to be conditional to the repetition type. For example, the maximum number of postponed slots should not be jointly encoded with other parameters in the TDRA table and apply to both repetition Type A and repetition Type B. One reason is that with Type B a larger number of repetitions can be transmitted in the same time interval and the number of postponed slots is expected to be less or not supported.
Proposal 3: For repetition Type A, support separate configurations of number of slots that the UE can postpone from other parameters used for both repetition types, e.g. number of nominal repetitions.

For PUSCH repetition Type A, a UE can transmit a PUSCH repetition in a slot only if there are L consecutive UL symbols. A transmission with fewer than L symbol, with the constraints of single repetition per slot and starting symbol being the S symbol, can be beneficial when the UE can transmit PUSCH repetitions in a number of consecutive slots. For example, if symbols 7 through 14 are indicated as UL symbols and a PUSCH repetition has 10 symbols, a UE can transmit PUSCH over 8 symbols in that slot starting from symbol S=7. A minimum number of symbols for a PUSCH repetition can also be configured. That may be viewed as a less rigid application of Type A repetitions while maintaining the UE/gNB implementation simplicity and avoiding a complexity associated with Type B repetitions.
Proposal 4: Support PUSCH repetition Type A that can have a length smaller than L.
Conclusion
This contribution discusses the potential solutions and techniques for PUSCH coverage enhancement. The proposals and observations made in this contribution are summarized as below:

Proposal 1: The maximum number of repetitions for transmission of PUSCH repetition Type A is at least 16. If a corresponding need is identified, additional values can be 24 or 32.

Observation 1: It is beneficial for a gNB to configure whether the UE transmits an actual number of repetitions to be equal to the number of nominal repetitions. 
Observation 2: It is beneficial for a gNB to configure whether the UE transmits an actual number of repetitions to be only in the number of slots configured to the UE for the PUSCH transmission or whether UE can use additional slots so that the number of symbols for the indicated nominal repetitions is achieved.
Proposal 2: Enable a network configuration of a number of slots that the UE can postpone repetitions of a PUSCH transmission.

Proposal 3: For repetition Type A, support separate configurations of number of slots that the UE can postpone from other parameters used for both repetition types, e.g. number of nominal repetitions.

Proposal 4: Support PUSCH repetition Type A that can have a length smaller than L.
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