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Introduction
[bookmark: _Hlk510705081]The following can be noted from the work item description (WID) for Rel-17 coverage enhancement [1]:
· 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.
This feature aims at improving the reliability of PUSCH transmission, and thus enhancing the PUSCH coverage by increasing the total number of repetitions. As described from the WID, the goal of this feature can be achieved both by increasing the maximum number of repetitions and by counting the number of repetitions on the basis of available UL slots. Although both approaches are straightforward and can be claimed as simple to specify, some issues still need to be resolved and will be discussed in this document.
Discussion
Maximum number of repetitions
Rel-16 supports a maximum number of PUSCH repetitions equal to 16. Such repetitions are performed only over UL resources, e.g., symbols or slots, within a sequence of 16 back-to-back slots. Now, if the number of repetitions were to be counted based on the available UL slots in Rel-17, the number of actual repetitions for PUSCH repetition type A would increase significantly as compared to the Rel-16 counterpart. This situation is illustrated in Figure 1, where a DDDSU TDD frame structure is semi-statically configured and a low-rate PUSCH is assumed to be repeated on both S and U slots (i.e., the number of allocated symbols per PUSCH repetition can fit a S slot). 
[image: ]
[bookmark: _Ref61381816]Figure 1. Illustration of Rel-16 and Rel-17 number of repetitions and latency for PUSCH repetition type A.

[bookmark: _GoBack]As shown, in Figure 1, when the indicated number of repetitions equals 16 (maximum value specified in Rel-16), Rel-16 PUSCH repetition type A offers only 7 actual repetitions whereas this number would be exactly 16 in the Rel-17 counterpart. This aspect should be considered when defining the Rel-17 maximum number of repetitions, since a much larger effective number of actual PUSCH repetitions, as compared to Rel-16, could already be achieved by simply counting PUSCH repetitions differently.
In addition, it can also be observed from Figure 1 that Rel-17 PUSCH repetition type A entails a longer latency observed from the first repetition to the last repetition, i.e. 37 slots in this example, which exceeds the typical 4ms latency requirement for eMBB service, as per [3, Section 4.7], even with 120kHz SCS, as illustrated in the Table below. Note that the PUSCH preparation time and decoding time have not been included. 
	SCS
	Latency for 37 slots

	15kHz
	37ms

	30kHz
	18.5ms

	60kHz
	9.25ms

	120kHz
	4.625ms



At this stage, it should be noted that PUSCH is often scheduled only on U slots, which would further increase the latency (it would actually double it in the considered example). Therefore, these results should be taken as the most optimistic case in terms of latency. Although it could be claimed that latency may be traded for coverage, when UE is experiencing coverage shortage, this aspect still needs to be taken into account for not specifying a too high value of maximum number of repetitions. In this context, it is rather evident that the number UEs whose PUSCH can be scheduled over the same period of time, and the number of the possible repetitions, depends both on the maximum configurable number of PUSCH repetitions and on how such repetitions are counted. Indeed, an UL resource occupied by UE for repeating PUSCH for a longer period reduces the flexibility of UL resource utilization and impacts both coverage and latency of other UEs in the network.
[bookmark: _Toc61804756]Observation 1. By counting the number of repetitions based on the available UL slots in Rel-17, the number of actual repetitions as well as the latency from the first to the last repetition for PUSCH repetition type A are increased significantly.
[bookmark: _Toc61804757]Observation 2. An UL resource occupied by UE for repeating PUSCH for a longer period reduces the flexibility of UL resource utilization and impacts both coverage and latency of other UEs in the network.
[bookmark: _Toc61804778]Proposal 1. Suitable latency requirements, with or without aspects related to flexibility of UL resource utilization, shall be considered when discussing the details of the enhancements on PUSCH repetitions type A.

Other potential specification impacts
The following observations were agreed in RAN1#103-e and was also captured in TR 38.830 [2]:
· Potential specification impacts of enhancements on increasing the maximum number of repetitions include:
· TDRA (Time-Domain Resource Allocation).
· Potential specification impacts of enhancements on the number of repetitions counted on the basis of available UL slots include:
· TDRA (Time-Domain Resource Allocation).
· Mechanism to determine transmission occasion of actual repetition.
· Mechanism to determine whether special slot can be determined as an available UL slot.
In Rel-16, PUSCH repetition type A was further enhanced so that the number of repetitions can also be configured for each row of the TDRA table and to be dynamically selected by the gNB through the TDRA field in the scheduling DCI. If we consider the goal set by the WID on the enhancements on PUSCH repetition type A, we can straightforwardly observe that changing the maximum number of configured repetitions and the way the later are counted, can be achieved while keeping the same TDRA as in Rel-16. In particular, any change to the following two aspects is intuitively unnecessary for the enhancement to be supported and shall be avoided:
· Time-domain allocation for PUSCH repetition type A.
· Number of repetitions configuration in the TDRA table.
[bookmark: _Toc61804779]Proposal 2. Specification changes on time-domain resource allocation shall be avoided for the Rel-17 enhancements on PUSCH repetition type A.
Concerning the mechanism to determine transmission occasion of actual repetition, as also discussed above, the Rel-16 time-domain allocation can be reused, as the common understanding for repetition type A is to repeat the same time-domain resource on the next (available) slots. A nominal repetition whose symbols partly or fully overlap with DL or invalid symbols should not be considered as an actual repetition and should not be transmitted. This is Rel-16 behaviour, which should be kept in Rel-17 for two main reasons. First, using the remaining symbols unnecessarily introduces more specification work. Indeed, one can simply use the next valid repetition since the number of actual repetitions has been increased already. Second, resources for SRS/PUCCH should be available when needed. Situations where the whole UL resource is used for PUSCH should be avoided to preserve feasibility of other basic network operations.
Concerning the mechanism to determine whether special slot can be determined as an available UL slot, one straightforward and generic way to determine whether a UL slot is available for Rel-17 PUSCH repetition type A is to check whether the slot has available uplink symbols for the full nominal PUSCH repetition or not. In other words, if a nominal repetition partly overlaps with DL or invalid symbols in a slot, the slot is labelled as unsuitable for repetitions and corresponding counter is not updated.
[bookmark: _Toc61804780]Proposal 3. For the determination of transmission occasion of actual repetition: a nominal repetition whose symbols partly or fully overlap with DL or invalid symbols should not be considered as an actual repetition and should not be transmitted. The repetitions counter is also not updated. 

Conclusion
In this contribution, we discussed aspects related to the normative work necessary to provide support to enhancements on PUSCH repetition Type A in Rel-17. The following observations have been made:
Observation 1. By counting the number of repetitions based on the available UL slots in Rel-17, the number of actual repetitions as well as the latency from the first to the last repetition for PUSCH repetition type A are increased significantly.
Observation 2. An UL resource occupied by UE for repeating PUSCH for a longer period reduces the flexibility of UL resource utilization and impacts both coverage and latency of other UEs in the network.
In addition, the following proposals have been made:
Proposal 1. Suitable latency requirements, with or without aspects related to flexibility of UL resource utilization, shall be considered when discussing the details of the enhancements on PUSCH repetitions type A.
Proposal 2. Specification changes on time-domain resource allocation shall be avoided for the Rel-17 enhancements on PUSCH repetition type A.
Proposal 3. For the determination of transmission occasion of actual repetition: a nominal repetition whose symbols partly or fully overlap with DL or invalid symbols should not be considered as an actual repetition and should not be transmitted. The repetitions counter is also not updated. 
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Rel-17:

* The indicated number of repetitions = 16
* The actual number of repetitions = 16
* Latency from first repetition to last repetition = 37 slots




