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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _GoBack]In RAN#90e [1], a new WID on NR coverage enhancement was approved for Release 17, where RAN1 adopts following solutions for PUSCH repetition type A:
	Agreement:
· Specification of PUSCH enhancements
· 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.


As we can see, by performing above mentioned enhancements for PUSCH repetition type A, more actual repetitions of PUSCH can be ensured, the performance of PUSCH surely can be improved. Thus, in this contribution, potential impacts of above mentioned possible enhancements for PUSCH repetition type A are discussed.
2. Discussion
2.1 Repetitions counted on available UL slots
From observations of coverage performance captured in [2], coverage of PUSCH is most limited in TDD mode where the number of actual repetition is much fewer than the configured repetition number due to DL dominant carrier configurations with very limited UL slots. Furthermore, for PUSCH repetition type A, the strict limitation rule of same time domain resource mapping between slot-based repetitions results in the cancelation of repetitions in an uplink slots if the slot does not meet the aforementioned rule. For example, as shown in Figure.2.1-1, given the typical 7:3 DL:UL TDD frame structure and assuming 16 repetitions is configured，if each slot-based repetition is expected to be transmitted over L consecutive uplink symbols, while the S slot has less than L uplink symbols, then maximum 6 repetitions is performed in one frame (e.g. SCS=30KHz) although 16 repetitions is configured. 
[image: ]
Figure 2.1-1 16 repetitions with 6 actually performed repetitions in current specification
However, by counting the number of repetitions on the basis of available UL slots, sufficient number of repetitions as configured can be ensured by performing more repetitions on subsequent frames, as shown in Figure.2.1-2, where 3 frames are needed to meet 16 repetitions.

[image: ]
Figure 2.1-2 16 repetitions counted on the basis of available UL slots in TDD
By counting the number of repetitions on the basis of available UL slots, the expected number of repetition can be ensured. 

2.2 Determination on the maximum increased number of repetitions
For coverage enhancement of PUSCH repetition type A, increasing the maximum number of repetitions is regarded as another solution. However, the maximum increased number of repetitions need to be determined. From the baseline evaluation observations captured in TR [2], 8 effective repetitions is enough to meet the coverage requirement. Combined with the support of the aforementioned solution in WID that the number of repetitions count on the basis of available UL slots, the currently supported maximum number of repetition being 16 is sufficient to meet the coverage requirement. 

In light of above discussion, we have the following observation:
Observation 1: The coverage enhancement performance can be met by “counting on actual repetition” with more flexibility.

2.3 Determination of available UL slots
For uplink coverage enhancement, both the aforementioned solutions aim to ensure as many as uplink resource used for uplink transmissions. However, for PUSCH repetition type A, the strict limitation rule of same time domain resource mapping among all slot-based repetition might lead to the cancellation of repetitions on some slots which cannot have the same time domain resource allocation but consist of a certain number of uplink symbols, thus, there would be coverage loss by dropping UL resources. 
For examples, as shown in Figure 2.1-1 and 2.1-2, the S slot consist of less than L symbols (L is the required number of symbols for one slot-based repetition) cannot be used for one repetition although the S slot may have L-1 uplink symbols. Another example as shown in Figure 2.3-1, PUSCH repetition type A collides with slot-based PUCCH repetition in slot#2, where the PUSCH repetition on the whole slot#2 is canceled although only partial symbols collide with PUCCH.
[image: ]
Figure 2.3-1 Collision between PUSCH repetition A and PUCCH slot-based repetition
To enhance the coverage of PUSCH repetition type A, possibly, we could identify those slots with a certain number of uplink symbols as available UL slots so that repetitions can be performed on these slots instead of cancellation, aiming to fully utilize all precious uplink time domain resources to enhance the coverage of PUSCH. By enabling repetitions on slots with a certain number of uplink symbols, new rate matching is performed on these slots for PUSCH repetition type A which would increase the implementation complexity a little bit. However, if number of uplink symbols within a slot is large enough (e.g. larger than a configurable or predefined threshold), it’s worthwhile to identify this slot as an available UL slot and enhance the coverage of PUSCH.

In light of above discussion, we have the following proposal
Proposal 1: For coverage enhancement of PUSCH repetition type A, a slot can be identified as an available UL slot if it consists of sufficient number of consecutive uplink symbols, e.g. number of consecutive uplink symbols is larger than a predefined or configurable threshold.

3. Conclusions 
In this contribution, we provide overviews on possible impacts on RAN1 specification for coverage enhancement on PUSCH repetition type A with following proposals:
Observation 1: The coverage enhancement performance can be met by “counting on actual repetition” with more flexibility.
Proposal 1: For coverage enhancement of PUSCH repetition type A, a slot can be identified as an available UL slot if it consists of sufficient number of consecutive uplink symbols, e.g. number of consecutive uplink symbols is larger than a predefined or configurable threshold.
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