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1 Introduction
During the RAN# 90e meeting, the WI on coverage enhancement was agreed with the following objectives [1]. 
	· 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]
· Specification of PUCCH enhancements [RAN1, RAN4]

· Specify signaling mechanism to support dynamic PUCCH repetition factor indication [RAN1]
· Specify mechanism to support DMRS bundling across PUCCH repetitions [RAN1, RAN4]
· Specify mechanism(s) to support Type A PUSCH repetitions for Msg3 [RAN1]
Notes:
· Rel-15 SSB bandwidth is reused and L1 changes minimized.

· The work defined as part of this WI is not to overlap with LPWA use cases.

· Coexistence with non-RedCap UEs is to be ensured.

· This WI focuses on SA mode and single connectivity with operation in a single band at a time.
· The work in other WGs than RAN1 starts after RAN#91e.
· The appropriate WI for handling of any potential coverage recovery aspects related to RedCap UEs devices will be considered at RAN#91e.



In this contribution, we will share our initial opinions on the enhancements of PUSCH type A. 
2 Discussion
2.1 Maximum number of repetition
During SI phase of coverage enhancement, there is a common observation that the actual repetition number less than the nominal repetition number considering TDD configuration with limited UL slots. Because the resource will be unavailable when collided with DL slots for TDD or BWP switching, then relevant PUSCH repetitions will cancelled in repetition type A. One candidate method is to increase the maximum transmission number to guarantee the number of actual repetitions, which may increase the coverage performance of PUSCH. In NR R16, the maximum number of PUSCH repetitions is 16.
Figure1 shows the PUSCH performance of different transmission numbers. It is assumed MCS 0 and MCS 1 with 1 DMRS symbol in TDL-C, others detail simulation parameters are listed in the annex. It is observed that about extra 2dB gain can be obtained when the actual transmission number are added from16 to 32.
In the table 5.1.1.1-3 of TR 38.830, for Urban 4GHz TDD, about 8dB performance gap is needed to be compensated when ISD is set to 400m. Based on this observation, it is necessary to guarantee the 16 actual repetitions to meet the coverage requirements of PUSCH. Furthermore, if the ISD expands to 500m, there is 10 dB performance gap need to be compensated. Hence, increasing the maximum number of transmission up to 32 can not only solve the problem that the actual transmission number is not enough, but also leave some margin for the coverage. Besides, the specification impacts on increasing the maximum number of repetition is TDRA (Time-Domain Resource Allocation) table size, which is minimal compared with other methods.
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Figure 1. PUSCH performance of different transmisision number

Table 1. Required SNR for BLER=0.1
	TBS
	1800
	2664

	TransNum
	1
	16
	32
	1
	16
	32

	SNR(dB)
	-4
	-13
	-15
	-1.9
	-11.4
	-13.5


Observation 1: About 9 dB and 11dB gain can be achieved respectively when the actual transmission number are set to 16 and 32.
Observation 2: Only when 16 actual repetitions are guaranteed, the performance of PUSCH can meet the coverage requirement.
Observation 3: Increasing the maximum number of transmission up to 32, can not only solve the problem that the actual transmission number is not enough, but also leave some margin for the coverage.
Proposal 1: It is better to increase the maximum number of transmission up to 32.
2.2 Mechanism of counting 
The effect may be not as expected if the number of actual repetitions is extended by simply extending the maximum number of repetitions in some cases. Specifically with some extreme TDD configuration, network has already configured a larger number of repetitions to obtain expected performance considering the unavailable resources, but the number of actual repetitions may still not enough. For example when DL:UL=7:3,  available slots for actual repetition  are 9.6 even with the maximum number 32. On the other hand, too many times of repetitions may also lead to unnecessary resource wastage for some UE with good channel conditions.
Thus, besides increasing the maximum number of transmissions, another method to solve the problem that actual number of repetitions may be insufficient is changing the mechanism of counting. In existing standards, the number of repetitions K represents the K consecutive slots for PUSCH repetition type A. But it is reasonable to allow PUSCH repetitions to be postponed if overlapping with unavailable resources and it should be counted on the basis of available U/X slots until the indicated nominal number of repetitions is reached. So, the most directly method is to modify the counting mechanism of K for PUSCH repetition type A to K sequential uplink or flexible slots. In this case, the actual repetition numbers and PUSCH coverage performance can be guaranteed. 

Proposal 2: Another method is modifying the mechanism of counting to skip the unavailable slots and postpone the PUSCH repetition.
2.3 Early termination
Obviously, PUSCH repetitions have great benefits to coverage enhancement. While sometimes, the PUSCH repetition mechanism need to be early terminated. For example, if the receiver has been successfully decoded the data based on part of repetitions, the rest of repetition bring no efforts except power consumption.
In addition, there is another case that the data still cannot be decoded correctly even after the maximum number of repetitions, such as in the environment with shade or deep fading. Early terminating current repetitions and dynamic scheduling another repetition resource in time, also give benefits to the system.
Currently specification provides two schemes to terminate the repetition. The first scheme is UE automatically terminate current repetition if it overlaps with a new PUSCH within the same HARQ process. The second mechanism is based on DFI scheme in NR-U, UE shall terminate the repetition of a transport block in a PUSCH transmission if the UE receives a DCI format 0_1 with DFI flag set to ‘1’, and meanwhile the UE detects ACK for the HARQ process corresponding to current transport block.
Above mechanisms can be introduced in PUSCH type A repetitions. Specifically, if the UE does have new TB to be transmitted, it can automatically terminate current TB repetitions. While if the UE has no new TB data to transmit and gNB has already decoded the data correctly, it can just reuse the DFI in NR-U for early termination.
Proposal 3: Existing schemes, like DFI scheme in NR-U, can be introduced for early termination.
3 Conclusion
In this contribution, we discuss the enhancement of PUSCH type A. Based on the discussion, our views are summarized as follows
Observation 1: About 9 dB and 11dB can be achieved respectively when the actual transmission number are set to 16 and 32.

Observation 2: Only when 16 actual repetitions are guaranteed, the performance of PUSCH may meet the coverage requirement.
Observation 3: Increasing the maximum number of transmission up to 32, can not only solve the problem that the actual transmission number is not enough, but also leave some margin for the coverage.
Proposal 1: It is better to increase the maximum number of transmission up to 32.

Proposal 2: Another method is modifying the mechanism of counting to skip the unavailable slots and postpone the PUSCH repetition.

Proposal 3: Existing schemes, like DFI scheme in NR-U, can be introduced for early termination.
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Annex 
Table2  Simulation assumption
	Parameters
	Value

	System bandwidth
	100MHz

	Carrier Frequency
	4 GHz,

	Number of symbols for slot
	14

	Subcarrier spacing
	30KHz

	MCS
	MCS=0/1

	Channel coding
	LDPC code 

	Transmission scheme
	1-port transmission diversity

	Channel estimation
	Realistic, LMMSE

	Noise estimation
	IDEAL

	Detection method
	MMSE

	Channel model
	TDL-C 300ns

	UE relative speed
	3km/h

	Number of UE antennas
	4Tx

	Number of receive chains
	2


