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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In previous RAN1#106 e-meeting [1], the following agreements about enhancements on PUSCH repetition type A were achieved. 
	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.


[bookmark: OLE_LINK3]In this contribution, we will analyze and discuss the remaining issues of enhancements on PUSCH repetition type A.
2. Maximum number of repetitions
For enhancements on repetition type A, repetition counting on the basis of available slots and increasing the maximum repetition number are the two main objectives, which can be regarded as independent enhancements of repetition type A. From flexibility perspective, restriction on simultaneously enabling the maximum number of repetition and counting on the basis of available slots is not necessary, which can be up to NW configuration. That is, the maximum number of repetitions accounted for available slots supported by Rel-17 PUSCH repetition Type A should be also up to 32. 
Besides, according to the agreements on the determination of available slots, UE could determine whether to drop a PUSCH repetition or not according to Rel-15/16 PUSCH dropping rules, for example, due to dynamic SFI, CI. However, the dropped repetition is still counted in the configured K repetitions. Thus, the expected number of repetitions may not be achieved. As a result, the maximum 16 repetitions for the counting based on available slots may be also insufficient in some scenarios. Thus, no matter the counting based on physical slots or available slots, the configured number of repetitions should be left to NW implementation. In other words, the maximum 32 repetitions should be supported both for the counting based on physical slots and available slots. Therefore, we confirm the working assumption.
Proposal 1: Confirm the working assumption.
Working Assumption
The maximum number of repetitions accounted for available slots supported by Rel-17 PUSCH repetition Type A is 32.

3. Whether repK and aggregation factor support the increased repetition number
In Rel-15, the maximum number of PUSCH repetition type A can be semi-statically configured to 8 via repK in ConfiguredGrantConfig for configured grant PUSCH and via pusch-AggregationFactor in PUSCH-Config for dynamic grant PUSCH. In Rel-16, the maximum number of PUSCH repetition type A has been increased to 16, and if numberofRepetitions-r16 is present in the resource allocation table, the number of repetitions K is equal to numberofRepetitions-r16 for configured grant PUSCH and dynamic grant PUSCH. 
Since the increased maximum number of repetitions would not be a mandatory feature either in Rel-17, extension on number of repetitions for all of these RRC parameters in Rel-15 and Rel-16 is not necessary for minimum spec impact. Furthermore, due to higher resource reservation, network should cautiously configure large number of repetitions in order to strike balance between coverage enhancement and system efficiency. While for dynamic indication of number of repetitions, NW can schedule the number of repetitions properly, and the impact to resource overhead can be minimized. Hence, a new RRC parameter numberofRepetitions-r17 with candidate number of repetitions {1, 2, 3, 4, 7, 8, 12, 16, 20, 24, 28, 32} can be introduced. Similar to that for numberofRepetitions-r16, if numberofRepetitions-r17 is present in the resource allocation table, the number of repetitions is equal to numberofRepetitions-r17, for configured grant PUSCH and dynamic grant PUSCH. And a row index for the resource allocation table is dynamically indicated by TDRA field in a DCI for DG PUSCH and CG type 2 PUSCH. 
Proposal 2: Do not support the maximum repetition number configured via repK and pusch-AggregationFactor to be extended up to 32. 

4. How to terminate the PUSCH repetitions for CG-PUSCH
According to the discussion summary, there are two alternatives for terminating CG-PUSCH repetitions with counting based on the available slots.
· 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.
The main motivation of this discussion is to clarify how to terminate the repetitions when CG-PUSCH repetition transmission is counted on available slots. Actually, both the alternatives aim to transmit the repetitions within the CG period P. However, the main difference is the restriction on the configuration of K. Since available slots during each period could vary from one period to another, the configured/indicated K for Alt 1 must be the minimum value of available slots among these periods. As for Alt 2, the time duration required for K repetitions could be larger than the time duration derived by the period, due to some unavailable slots. In this case, some later transmissions in the K repetitions have to be dropped, because the repetition would be terminated until the end of CG period anyway. As depicted in Figure 1, the time duration for repetition duration is larger than the period P, but K = 3 < 5=P/14 is satisfied to the second bullet in Alt 2. And the last 2 available slots outside the period have to be dropped. 

Figure 1. Example of the configuration of Alt 2
In Alt-1, if at least one of the CG periods does not have K available slots, such configuration is considered as an error case. However, since the available slots are determined based on semi-static configurations, we don’t think NW has any difficulties to avoid this kind of error case. And gNB can configure the periodicity and the start of CG semi-statically and/or dynamically, which can accommodate the change of available slots in the following periods. Hence, error case for Alt 1 can be left to NW implementation. 
Proposal 3: For CG-PUSCH with counting based on the available slots,  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.

5. Other RRC signaling to determine available slots
In Rel-16, RRC configurations, such as TDD frame structure, SSB burst, monitoring occasions for type-0 CSS, which could cause the unavailable symbols for UL transmission are used to determine whether the slot is available for the PUSCH repetition on the scheduled consecutive slots. Similarly, the same mechanism can be used for determination of available slots. However, the motivation for determination of available slots is to provide more transmission opportunities for PUSCH repetitions. Although RAN1 has excluded DL resources configured by frame structure, SSB occasions, PDCCH monitoring occasions for type-0 CSS, there are still some RRC configurations and corresponding UE behaviours that would lead to the transmission occasion for the PUSCH repetition not available, which should be also considered for the determination of available slots.
For RRM measurement based on SSB, SMTC can be configured for UE to determine the measurement resource. The SMTC configuration is provided per frequency layer, which may cover SSB occasions from multiple serving cells in the frequency layer. Hence, the SSB occasions configured by SMTC configuration is not necessary to be the same as the SSBs that are transmitted by the serving cell for the UEs, as shown in Figure 2.

Figure 2. Illustration of measurement on flexible symbols with no SSB transmitted in the serving cell
In section 9.2.5.3 of TS 38.133, on the symbols for SSB occasions provided by SMTC configuration, UE is not expected to transmit PUSCH, as shown below.
	9.2.5.3.1	Scheduling availability of UE performing measurements in TDD bands on FR1
When the UE performs intra-frequency measurements in a TDD band, the following restrictions apply due to SS-RSRP or SS-SINR measurement 
-	The UE is not expected to transmit PUCCH/PUSCH/SRS on SSB symbols to be measured, and on 1 data symbol before each consecutive SSB symbols to be measured and 1 data symbol after each consecutive SSB symbols to be measured within SMTC window duration. If the high layer in TS 38.331 [2] signalling of smtc2 is configured, the SMTC periodicity follows smtc2; Otherwise SMTC periodicity follows smtc1.
When the UE performs intra-frequency measurements in a TDD band, the following restrictions apply due to SS-RSRQ measurement 
-	The UE is not expected to transmit PUCCH/PUSCH/SRS on SSB symbols to be measured, RSSI measurement symbols, and on 1 data symbol before each consecutive SSB to be measured/RSSI symbols and 1 data symbol after each consecutive SSB to be measured/RSSI symbols within SMTC window duration. If the high layer signalling of smtc2 is configured in TS 38.331 [2], the SMTC periodicity follows smtc2; Otherwise the SMTC periodicity follows smtc1.



According to the scheduling restriction in TS 38.133, it means that once collision happens, intra-frequency measurement is prioritized over UL transmission and UE would not transmit UL signal on SSB symbols to be measured, such as PUCCH/PUSCH/SRS. Hence, even if an SSB with certain index is not transmitted on the serving cell, and the SSB occasions overlaps with flexible symbols, UE cannot transmit PUSCH on the flexible symbols if the SSB index is indicated by SMTC. 
And in section 11.1.1 of 38.213, the UE behaviour when UL transmission on flexible symbol colliding with SSB for RRM is provided as follows.
	For unpaired spectrum operation for a UE on a cell in a frequency band of FR1, and when the scheduling restrictions due to RRM measurements [10, TS 38.133] are not applicable, if the UE detects a DCI format indicating to the UE to transmit in a set of symbols, the UE is not required to perform RRM measurements [10, TS 38.133] based on a SS/PBCH block or CSI-RS reception on a different cell in the frequency band if the SS/PBCH block or CSI-RS reception includes at least one symbol from the set of symbols.


The detailed discussion between RAN1 and RAN4 is captured in LS between RAN1 and RAN4 [4][5][6]. RAN1 and RAN4 both believe the collision could happen between UL transmission and SSB for RRM, and discussed which one is prioritized. The conclusion is that reception on SSB symbols for RRM is prioritized over UL transmissions. Apparently, UL transmission overlapping with SSB symbols configured by SMTC is not considered as an error case in Rel-15/16.
The SMTC configuration is also semi-statically provided by RRC signalling, both NW and UE are aligned on the SMTC configuration and the corresponding UE behaviour. Furthermore, for PUSCH collision with SSB configured by ssb-PositionsInBurst, it is clear that UE would not transmit PUSCH. Thus, the behavior is the same for these two cases in Rel-15/16 and we should consider SMTC-based SSB measurement to determine the available slots.
Observation 1: The flexible symbols colliding with SSB based measurement by SMTC is not an error case in Rel-15/Rel-16. And these flexible symbols are not available for PUSCH transmissions.
Proposal 4: SSB symbols for RRM measurement configured by SMTC  should be considered to determine the available slots.

6. Other consideration
For HD-FDD RedCap UEs, the following agreement has been achieved, which means the CG-PUSCH is not transmitted when SSB overlaps with CG-PUSCH. 
Agreement: 
· For Case 5 of SSB overlaps with in configured UL transmission, re-use the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over configured UL transmission
· The configured UL transmission includes CG-PUSCH, or SRS
· FFS: Confirm that PUCCH is included
And the existing collision handling principles of Rel-15/16 for TDD can be re-used. At least for CG-PUSCH repetition transmission overlapping with SSBs, the mechanism of available slots determination could be also applicable for HD-FDD RedCap UEs. For unified design, there is no need to put the restriction on the the applicability for FDD and TDD systems. 
Proposal 5: At least for CG-PUSCH repetition type A, counting based on available slots should be applicable for HD-FDD RedCap UEs.
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7. Related RRC parameters
Based on the discussion in previous sections following RRC parameter should be introduced.
	Parameter Name
	RAN1 spec/ section
	Values range
	New R17 vs extension of R15/16
	Per (UE, cell, TRP, …)
	Broadcast/
dedicated
	Description
	RAN2 spec

	numberOfRepetitions-17
	38.214
	ENUMERATED {n1, n2, n3, n4, n7, n8, n12, n16, n20, n24, n28, n32 }
	Extension
	Per UE
	dedicated
	Support the increased maximum number of repetitions
	38.331

	pusch-TimeDomainAllocationListDCI-0-1-r17
	38.214
	SetupRelease { PUSCH-TimeDomainResourceAllocationList-r17 }
	Extension
	Per UE
	dedicated
	Configuration for TDRA list for DCI format 0_1 to support up to 32 repetitions, defined in the same way as for pusch-TimeDomainAllocationListDCI-0-1-r16
	38.331

	pusch-TimeDomainAllocationListDCI-0-2-r17
	38.214
	SetupRelease { PUSCH-TimeDomainResourceAllocationList-r17 }
	Extension
	Per UE
	dedicated
	Configuration for TDRA list for DCI format 0_2 to support up to 32 repetitions, defined in the same way as for pusch-TimeDomainAllocationListDCI-0-2-r16
	38.331

	PUSCH-TimeDomainResourceAllocationList-r17
	38.214
	SEQUENCE (SIZE(1..maxNrofUL-Allocations-r17)) OF PUSCH-TimeDomainResourceAllocation-r17
	Extension
	Per UE
	dedicated
	Configuration for TDRA listto support up to 32 repetitions, defined in the same way as for pusch-TimeDomainResourceAllocationList-r16
	38.331

	PUSCH-TimeDomainResourceAllocation-r17
	38.214
	SEQUENCE{k2,startSymbolAndLength-r17, numberOfRepetitions-r17, ...} [SEQUENCE {PUSCH-Allocation-r17 … }]
	Extension
	Per UE
	dedicated
	Configuration for TDRA list entries to support up to 32 repetitions [, defined in the same way as for PUSCH-TimeDomainResourceAllocation-r16]
	38.331

	PUSCH-Allocation-r17
	38.214
	SEQUENCE { startSymbolAndLength-r17, numberOfRepetitions-r17 … }
	Extension
	Per UE
	dedicated
	Configuration for TDRA of each TDRA list entry to include numberOfRepetitions-17, defined in the same way as for PUSCH-Allocation-r16
	38.331

	AvailableSlotCounting
	38.214
	ENUMERATED {enabled, disable }
	New
	Per UE
	dedicated
	Enabling PUSCH repetitions counted on the basis of available slots
	38.331





8. Conclusion
In this contribution, we analyze and discuss the relevant enhancement on PUSCH repetition type A, and have the following observations and proposals: 
Observation 1: The flexible symbols colliding with SSB based measurement by SMTC is not an error case in Rel-15/Rel-16. And these flexible symbols are not available for PUSCH transmissions.
Proposal 1: Confirm the working assumption.
Working Assumption
The maximum number of repetitions accounted for available slots supported by Rel-17 PUSCH repetition Type A is 32.
Proposal 2: Do not support the maximum repetition number configured via repK and pusch-AggregationFactor to be extended up to 32. 
Proposal 3: For CG-PUSCH with counting based on the available slots,  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.
Proposal 4: SSB symbols for RRM measurement configured by SMTC  should be considered to determine the available slots.
Proposal 5: At least for CG-PUSCH repetition type A, counting based on available slots should be applicable for HD-FDD RedCap UEs.
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