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Background
[bookmark: _Hlk61437520]In RAN#90-e, WID on coverage enhancements was agreed [1]. In the WID objectives for PUSCH enhancements are described as the following.  
	· 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.
· [bookmark: _Hlk61013198]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 presents our views on enhancements on PUSCH repetition type A.
Discussions
In TR38.830 [2], studies on time-domain based solutions for PUSCH coverage enhancements, including enhancements on PUSCH repetition type A, are summarized.
For the enhancements on PUSCH repetition type A, two schemes were identified. Both schemes have been captured in objectives of WID [1], too.
· Increasing the maximum number of repetitions.
· The number of repetitions counted on the basis of available UL slots.
The details of those two schemes are discussed below. Note that the following terminology is used in this contribution.
For a PUSCH,
· Number of configured repetitions refers to an RRC parameter value indicating the number of PUSCH repetitions.
· Transmission occasion refers to the occasion which is determined by counting and also postponing, if any, of repetitions on the basis of available UL slots. The number of transmission occasions has to be equal to the number of configured repetitions. 
· Actual transmission refers to the PUSCH transmission which is actually performed by UE. At a given transmission occasion, there may not be an actual transmission depending on further dropping. The number of transmission occasions with actual transmissions may be less than the number of configured repetitions.
1.1.  Increasing the maximum number of repetitions
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Figure 1: Required number of repetitions.
In SI phase many companies showed good performance gains by using 4 or 8 actual repetitions [2]. As shown in Figure 1, if “DDDSU” is assumed as a typical DL-heavy TDD configuration, configured repetitions of 16 and 36 can achieve 4 and 8 transmission occasions for the set of repetitions, respectively, after dropping due to collisions with DL or Special slots. If the other typical TDD configurations having more UL slots, e.g. “DDSUU” or “DDDSUDDSUU”, are assumed, less-than-36 configured repetitions can achieve 8 transmission occasions. Therefore, the maximum number of configured repetitions should be extended to 36.
Proposal 1: The maximum number of configured repetitions should be extended to 36.

1.2.  The number of repetitions counted on the basis of available resources for UL transmissions
The other enhancement is the number of repetitions (i.e., transmission occasions of actual repetitions) counted on the basis of available resources for UL transmissions. If a given slot is not counted as a transmission occasion, the transmission occasion is postponed to the next available UL resource. In order to adopt this enhancement, it should be clarified how to count transmission occasions, especially in a special slot. 
In Rel-15 and Rel-16, whether transmission occasions are performed or not depends on a lot of factors - such as TDD configurations, slot formats, dynamically scheduled DL receptions, UL pre-emptions, etc. 
For a cell with the coverage enhancement features, its coverage is likely to overlap with other cells within a same frequency or a same frequency band, where TDD configuration is likely to be static and aligned with the other cells so that aggressive inter-cell interference is avoided. In such a typical case, DL and UL resources are likely to be separated by a static TDD configuration. Therefore, for the purpose of repetition counting, the available resources for UL transmissions should be derived from a cell-specific or semi-static TDD configuration, i.e. from tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated if provided.
Proposal 2: For the purpose of repetition counting, the available resources for UL transmissions are derived from tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated if provided.
Some more details on how the TDD configuration affects counting of the transmission occasions should be discussed. The simplest solution would be to reuse Rel-15/16 PUSCH dropping rules based on a TDD configuration. If all the symbols scheduled by TDRA for a configured repetition in a slot n are determined as UL symbols according to the TDD configuration, the configured repetition is counted as a transmission occasion. Otherwise, the repetition for the PUSCH in the slot n is not counted and is postponed to the slot n+1 and it is evaluated again if all the symbols scheduled by TDRA for the PUSCH in the slot n+1 are determined as UL symbols according to the TDD configuration. This process is repeated until the configured/indicated number of transmission occasions is achieved. With this process, it is guaranteed that the number of transmission occasions for a PUSCH is always equal to the number of configured repetitions. It should be discussed further whether any further dropping can be adopted after determination of the transmission occasions, or the transmission occasions should be determined by the actual transmissions performed by the UE.
Proposal 3: If all the symbols scheduled by TDRA for a configured repetition in a slot are determined as UL symbols according to tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated if provided, the configured repetition is counted as a transmission occasion.

Conclusion
In this contribution, we have the following proposal:
Proposal 1: The maximum number of repetitions should be extended to 36.
Proposal 2: For the purpose of repetition counting, the available resources for UL transmissions are derived from tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated if provided.
Proposal 3: If all the symbols scheduled by TDRA in a slot are determined as UL symbols according to tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated if provided, the slot is counted in the repetition.
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