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Introduction
In the RAN1 #105e meeting, the enhancements on PUSCH repetition type A were discussed. The discussion focused on the maximum repetition number and the repetition counting on the basis of available slot. Several agreements have been achieved [1]. 
In this contribution, we provide our views on the enhancements of PUSCH repetition type A, especially on increasing the maximum number of repetitions and the number of repetitions counted on the basis of available slots.
Discussion
Two issues are discussed under the scope of the enhancements of PUSCH repetition type A. The first one is to increase the maximum repetitions to a certain number. The second issue is to change the counting rule of PUSCH repetition type A, which needs a definition for the available slot.
2.1 Increasing the maximum number of repetitions
For the maximum repetition number, current Rel-16 specification support at most 16 repetitions. Based on the discussion during the SI phase, the PUSCH coverage gap for the typical deployment scenarios are list below.
Table 1 PUSCH coverage gap for the typical deployment scenarios
	Urban 4GHz TDD
	PUSCH for eMBB DDDSU
	Gap from deployment Req. 400m ISD =118 dB
	-8.12

	
	PUSCH for eMBB DDDSUDDSUU
	
	-7.08

	Urban 2.6GHz TDD
	PUSCH for eMBB 7DS2U
	Gap from deployment Req. 400m ISD =114.2 dB
	-5.13

	Rural 4GHz TDD NLOS O2I
	PUSCH for eMBB DDDSU
	Gap from deployment Req. 1732m ISD =131.6 dB
	-7.16

	
	PUSCH for eMBB DDDSUDDSUU
	
	-5.37

	Rural 700MHz FDD NLOS O2I
	PUSCH for eMBB UUUUU
	Gap from deployment Req. 4000m ISD =131.6 dB
	-2.54

	
	PUSCH for VoIP UUUUU
	
	-1.42

	Rural 2.6GHz TDD NLOS O2I
	PUSCH for eMBB 7DS2U
	Gap from deployment Req. 1732m ISD =127.8 dB
	-3.86



Considering the ideal coverage enhancements for the repetition, the enhancement of 16 repetitions could improve about 12dB. If there are enough uplink slots for 16 repetitions, the PUSCH coverage gap could be compensated based on current specifications for the above scenarios. 

Observation 1:
If there are enough uplink slots, 16 repetitions based on current specification could compensate the coverage gap for the typical deployments. 

During the discussion of SI and in the RANP #90e, a value of 32 was proposed as the maximum repetitions. According to the procedure for the baseline performance evaluation in the SI, all the uplink resources have been counted to support the target data rate, theoretically there is no additional uplink resources for the repetition. 
Current PUSCH repetition type A only support consecutive slots counted transmission. But in the TDD system, consecutive uplink slots are rare. And the efficiency of consecutive counted repetitions is low. If 16 repetitions of PUSCH are configured, only 4 actual repetitions happen in 7D1S2U TDD configuration. But if the 16 repetitions of PUSCH are counted based on the available slots, all the 16 repetitions will be executed. And the coverage gaps in the table above could be compensated. 

Proposal 1:
Based on the available slot counting method, at least 16 repetitions should be supported. 

In the last meeting, an agreement was reached as below.
	Agreement:
· Down-selection in RAN1#106-e:
· Alt 1: The maximum number of repetitions supported by Rel-17 PUSCH repetition Type A is 32, irrespective of counting method,
· Alt 2: The maximum number of repetitions supported by Rel-17 PUSCH repetition Type A is: 32 for the counting based on physical slots; and 16 (i.e. no change from Rel-16) for the counting based on available slots.




As the maximum repetition number could be configured in the RRC configuration, it could be complicated to have two set of configurations for different counting method. From the perspective to simplify the specification, a same number could be configured for both consecutive and available slot counting method. Then the Alternative 1 is slightly preferred. 

[bookmark: _Hlk78978525]Proposal 2:
From the perspective of simplifying the specification, a same maximum repetition number could be used for both counting methods. And the Alt 1 is slightly preferred.

During the discussion in the #105e meeting, the repetitions based on the consecutive counting method was also supported by some companies. The enhancements of 32 repetitions mainly serves this use case. The 4 actual repetitions under the configured 16 repetitions could increase to 8 actual repetitions when 32 repetitions are configured. Once the repetitions could be counted on the basis of available slots, most configurations, such as maximum 16 repetitions could be reused. And the actual repetitions could be close to the configured value in the TDD system. From the perspective of FDD system, since the uplink slots are consecutive, there is almost no difference between counting on the basis of available slot and consecutive slots. Then the counting on the basis of available slots could also be used for the FDD system. Considering the low efficiency of consecutive slot counting method, the repetition counting on the basis of available slots should be used as much as possible. It is proposed that this feature should be as mandate feature of CE UE capabilities. 

Observation 2:
Though increase the repetition number on the basis of consecutive slot counting could increase the actual repetition number, it is not efficient in the TDD systems.

[bookmark: _Hlk78978531]Proposal 3:
The counting of repetitions based on available slots should be used as much as possible. Counting on the basis of available slots for repetition should be as mandate feature of CE UE capability.

In the last meeting, whether extend the conclusion of increase the maximum repetition number to CG-PUSCH was discussed. The agreements are as below.
	
Agreement:
The maximum number of repetitions for DG-PUSCH is also applicable to CG-PUSCH.

Agreements:
Rel-17 PUSCH repetition Type A supports the increase of maximum number of repetitions with repetition factors configured in a TDRA list with a row index indicated either by the configured grant configuration or by TDRA field in a DCI.
· FFS: increasing the maximum number of repetitions with repetition factor configured in PUSCH-Config and/or ConfiguredGrantConfig.




Though the increase the maximum number of repetitions in CG-PUSCH could not enhance the coverage actually, most companies have no problem to extend the conclusion to the URLLC traffic. But in the URLLC traffic, increase the repetition number could enhance the reliability but with a price that the latency would also be increased. Then, update the RRC parameter numberofrepetitions could realize the target of increase the maximum repetition number of CG-PUSCH. There is no need to update the parameters of pusch-AggregationFactor and repK. 

[bookmark: _Hlk78978546]Proposal 4: 
It is proposed that updating the maximum repetition number of CG-PUSCH through the RRC parameter numberofrepetitions. And the parameters of pusch-AggregationFactor and repK are for further study. 


2.2 The definition of available slots for the PUSCH type A repetition
In the last meeting, two agreements about the definition of available slots have been reached. 
	Agreement:
· If PUSCH symbol in a slot overlaps with flexible symbol(s) with SSB transmission, the slot is determined as not available during the counting of repetitions. As there is no PUSCH in the slot, no PUSCH omission applies to the slot.

Agreement:
Select one from the following (further refinement of the alternatives can be further discussed), for the procedure of Rel-17 PUSCH repetition Type A (other alternatives are not precluded)
· 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.
· Alt 1-B’ consisting of two steps
· Step 1: Determine K repetitions based on available slots, where the available slot is the UL slot and flexible slot indicated by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated.
· 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: handling of dynamic signaling (e.g. UL CI, DCI for high priority channel), e.g., UE without CI capability
· Alt 2-A consisting of a single step
· Step 1: Determine available slots for K repetitions based on RRC configuration(s) and dynamic signaling (e.g. SFI, UL CI, DCI for high priority channel) in addition to TDRA in the DCI scheduling the PUSCH, CG configuration or activation DCI
· Alt 2-B consisting of two steps
· Step 1: Determine available slots for K repetitions based on RRC configuration(s) and dynamic SFI in addition to TDRA in the DCI scheduling the PUSCH, CG configuration or activation DCI
· FFS timeline for the dynamic signalling
· 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.




The available uplink slot could be defined as the uplink and flexible slots which could support both the starting symbol and consecutive symbol length indicated through the scheduling DCI. The identification of available uplink symbols from the flexible slots could be based on the both common and dedicated TDD-UL-DL configurations. The dynamic indicated SFI could change number of available uplink slots. And the miss detection of SFI could induce different understanding between UE and gNB about the available slot. Thus, it is proposed that the uplink time resources indicated through SFI are not counted as available slots. Then the Alt 2-A and 2-B are not preferred.
[bookmark: _Hlk78978555]Proposal 5:
The available uplink slots for the PUSCH repetition type A should be based on the RRC configurations, i.e. tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated.

And the two step approaches, in which the available slots are determined first and a dropping rule would be applied for the 2nd step, seems more feasible. Since the UL CI and high priority transmissions should have their priority and are hard to be predicted before the repetitions. A 2nd step to deal with the dynamic change and high priority transmission, should be considered for the available slot based repetitions. The Alt 1-B and 1-B’ are similar, except that the 1-B’ provides specific RRC parameters and dynamic signallings. Both Alt 1-B and 1-B’ are acceptable.

[bookmark: _Hlk78978561]Proposal 6:
Both Alt 1-B and 1-B’ are acceptable. More details and signalings need discussion.

The confliction or multiplexing between PUSCH repetitions and other uplink transmission, such as SRS, should be further studied.
[bookmark: _Hlk78978565]Proposal 7:
The confliction between PUSCH repetitions and other uplink transmission, such as SRS, should be further studied.

Conclusions
In this contribution, we provide our views on the enhancements of PUSCH repetition type A. The observations and proposals are as below.
Observation 1:
If there are enough uplink slots, 16 repetitions based on current specification could compensate the coverage gap for the typical deployments. 

Observation 2:
Though increase the repetition number on the basis of consecutive slot counting could increase the actual repetition number, it is not efficient in the TDD systems.

Proposal 1:
Based on the available slot counting method, at least 16 repetitions should be supported. 

Proposal 2:
From the perspective of simplifying the specification, a same maximum repetition number could be used for both counting methods. And the Alt 1 is slightly preferred.

Proposal 3:
The counting of repetitions based on available slots should be used as much as possible. Counting on the basis of available slots for repetition should be as mandate feature of CE UE capability.

Proposal 4: 
It is proposed that updating the maximum repetition number of CG-PUSCH through the RRC parameter numberofrepetitions. And the parameters of pusch-AggregationFactor and repK are for further study.
Proposal 5:
The available uplink slots for the PUSCH repetition type A should be based on the RRC configurations, i.e. tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated.

Proposal 6:
Both Alt 1-B and 1-B’ are acceptable. More details and signalings need discussion.

Proposal 7:
The confliction between PUSCH repetitions and other uplink transmission, such as SRS, should be further studied.
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