3GPP TSG RAN WG1 Meeting #106bis-e	R1-2108738
[bookmark: _GoBack]e-Meeting, October 11th –19th, 2021

Agenda Item:	8.8.1.1
Source:	Huawei, HiSilicon
Title:	Discussion on coverage enhancements for PUSCH repetition type A
Document for:	Discussion and Decision

1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
NR coverage enhancement for PUSCH repetition type A was approved in WID [1]:
	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.


In RAN1#106-e, new agreements were achieved and listed in the following [2]:
	Agreement:
· For Rel-17 PUSCH repetition Type A without joint channel estimation, no new inter-slot frequency hopping mechanism is introduced. 

Agreement
Take Option 1-B as an agreement for the procedure of Rel-17 PUSCH repetitions counted on the basis of available slots.
· Alt 1-B consisting of two steps
· Step 1: Determine available slots for K repetitions based on RRC configuration(s) in addition to TDRA in the DCI scheduling the PUSCH, CG configuration or activation DCI
· Step 2: The UE determines whether to drop a PUSCH repetition or not according to Rel-15/16 PUSCH dropping rules, but the PUSCH repetition is still counted in the K repetitions.
· FFS: Rel-17 PUSCH dropping rules are also applied if introduced in other WI(s)

Agreement
For PUSCH repetition Type A for Rel-17 CG-PUSCH, semi-static flexible symbol is considered as available.

Agreement
For PUSCH repetition Type A for Rel-17 DG-PUSCH, semi-static flexible symbol is considered as available.
Note: The applicability for Msg 3 is to be discussed in 8.8.3

Agreement
· DCI format 0_1 and DCI format 0_2 support Rel-17 PUSCH repetition Type A with the increased maximum repetition numbers configured in TDRA lists.

Agreement
· For DG-PUSCH with counting based on the available slots, count of available slots continues until satisfying the conditions defined for DG-PUSCH repetition Type A in Rel-16.

Working Assumption
The maximum number of repetitions accounted for available slots supported by Rel-17 PUSCH repetition Type A is 32


Our views on remaining issues for coverage enhancement of PUSCH repetition type A are provided in this paper. 
2. Discussion on coverage enhancement of PUSCH repetition type A
As analyzed in [3], repetition counting based on contiguous physical slots in TDD mode leads to fewer actual repetitions than expected and degrades uplink performance, thus mechanism of repetition counting on available UL slots was proposed for coverage enhancement.
2.1 Restriction of overall duration of PUSCH repetitions for CG-PUSCH
For configured grant, it is possible that the overall duration of PUSCH repetitions with repetition counting based on available slot crosses the period boundary of CG-PUSCH. In RAN1#106-e, to solve this problem, two alternatives are summarized [4].
	For the CG-PUSCH with counting based on the available slots, select one of the following alternatives in RAN1#106bis-e:
· Alt 1
· The repetitions shall be terminated after transmitting K repetitions, or at the last transmission occasion among the K repetitions within the period P, or from the starting symbol of the repetition that overlaps with a PUSCH with the same HARQ process scheduled by DCI format 0_0, 0_1 or 0_2, whichever is reached first.
· The UE is not expected to be configured with the time duration for the transmission of K repetitions larger than the time duration derived by the periodicity P.
· Alt 2 
· The repetitions shall be terminated after transmitting K repetitions, or at the last transmission occasion within the period P, or from the starting symbol of the repetition that overlaps with a PUSCH with the same HARQ process scheduled by DCI format 0_0, 0_1 or 0_2, whichever is reached first.
· The UE is not expected to be configured with K larger than P/12 for 60kHz with ECP or P/14 otherwise.
· FFS: The UE is not expected to be configured with K larger than the number of available slots within the period P.
· FFS: whether/how to capture it in RAN1 spec.
· Note: For overriding by DG-PUSCH with the same HARQ process, if any update is made for Rel-16, it also applies to above alternatives.



For Alt 1, considering frame structure in different period could be different from each other, which means the location and number of available slots would be different in different period, K value of repetitions is restricted to be the smallest number of available slots in all periods. For example in Figure 1, K is up to 2, which would cause resource waste and have influence on coverage performance.  In addition, if Alt 1 is selected, the performance of CG-PUSCH repetition type A with counting based on the available slots would be worse than the existing R15/R16 CG-PUSCH repetition type A with counting based on the physical slots. Because in Figure 1, if K is 5, which allows the UE to repeat five times in the first period and three times in the second period, it can still be ensured that “The UE is not expected to be configured with the time duration for the transmission of K repetitions larger than the time duration derived by the periodicity P.”
For Alt 2, a proper and larger K value is allowed to ensure coverage performance. It means the K value can be larger than the number of available slots within some periods P. For example in Figure 1, K could be 4, which allows the UE to repeat four times in the first period and three times in the second period. Of course, there should be an upper limit for K, i.e.  K should not be larger than P/12 for 60kHz with ECP or P/14 otherwise.
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Figure 2 An example for limitation of overall duration of PUSCH repetitions
Proposal: For CG-PUSCH with counting based on available slot, Alt 2 is supported.
· The UE can be configured with K larger than the number of available slots within the period P.

3. Conclusions 
In this contribution, our views on possible impacts on RAN1 specification for coverage enhancement on PUSCH repetition type A are provided with the following proposals:
Proposal: For CG-PUSCH with counting based on available slot, Alt 2 is supported.
· The UE can be configured with K larger than the number of available slots within the period P.
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