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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In previous RAN1#104 e-meeting [1], the following agreements about enhancement on PUSCH repetition type A were achieved. 
	Agreements:
Select one of the following alternatives, considering the aspect whether or not the determination of all the available slots should be done prior to the first actual transmission of the repetitions (other alternatives are not precluded)
· Alt1: Whether or not a slot is determined as available for UL transmissions depends on RRC configurations (at least tdd_ul_dl configuration, FFS: other RRC configurations) and does not depend on dynamic signaling (at least SFI, FFS: other dynamic signaling e.g. CI, PUSCH priority for URLLC).
· Alt2: Whether or not a slot is determined as available for UL transmissions depends on RRC configurations (at least tdd_ul_dl configuration, FFS: other RRC configurations) and also depends on dynamic signaling (at least SFI, FFS: other dynamic signaling e.g. CI, PUSCH priority for URLLC).
Agreement:
The maximum number of repetitions for DG-PUSCH is also applicable to CG-PUSCH.

Agreements:
For defining available slots: a slot is determined as unavailable if at least one of the symbols indicated by TDRA for a PUSCH in the slot overlaps with the symbol not intended for UL transmissions
· FFS details
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.

Conclusion:
Discuss further to select one of the following alternatives:
· Alt-a: The determination of all the available slots has to be done prior to the first actual transmission of the repetitions.
· Alt-b: The determination of all the available slots does not have to be done prior to the first actual transmission of the repetitions. The timeline requirement is per repetition basis.


[bookmark: OLE_LINK3]In this contribution, we will analyze and discuss the relevant enhancement on PUSCH repetition type A.
2. Maximum number of repetitions
In Rel-16, maximum number of repetitions 16 is supported for type-A PUSCH repetition. The actual number of repetitions may be less than the one configured if PUSCH occasions colliding with unavailable resources, resulting in degraded performance than expected. Generally, actual number of repetitions will be available with the increment of repetitions. Thus, the straightforward solution for better coverage performance is to increase the maximum number of repetitions. 32 repetitions was studied during SI phase [2], however there was no consensus on the maximum value. In order to assess the performance of different repetition numbers, we further evaluate the performance of different repetition values, simulation results are provided in Figure 1. The simulation assumptions are provided in Table 1 in Annex.
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Figure 1. Performance of PUSCH repetition transmission
It is observed that there is almost 3dB BLER gain with 32 repetitions compared to 16 repetitions, and the gain increases with the number of repetitions.
Furthermore, it is noted that coverage enhancements specified in this WI should be also applicable for NTN scenarios. However, from the simulation results in Annex 2, excerpted from our contribution [3], it can be observed that there is a significant gap to achieve minimum required SNR for PUSCH VoIP in NTN. Another motivation to increase the maximum number of repetitions is to enable the connectivity of basic service for smartphones in NTN. Since FDD is assumed for core specification work for NTN scenarios[4], there are enough consecutive UL slots to transmit the maximum 32 repetitions transmission to obtain the performance gain. 
Proposal 1: For PUSCH repetition Type-A, the maximum number of repetitions can be up to 32.
From NW perspective, some candidate numbers of repetitions with finer granularity should be considered for flexibility and efficiency. To achieve 3dB gain over  16 repetitions with double transmission resource, i.e. 32 repetitions is not cost efficient solution, especially for TDD configurations with limited UL resources. Furthermore, in scenarios where the performance gap between PUSCH with 16 repetitions and the expected one, 16 additional PUSCH repetitions will lead to doubling of delay and over-allocated UL resources. To address this issue, some candidate number of repetitions should be considered to obtain the finer granularity, e.g. 20,24,28 etc, a mechanism to dynamic or semi-static indication of number of repetitions can be considered, for example it can be indicated in higher layer signaling or in TDRA table for Type-A PUSCH repetition.
Proposal 2: For PUSCH repetition Type-A, some candidate values should be considered to obtain the finer granularity of repetitions, e.g. 20,24,28, which can be indicated in higher layer signaling or in TDRA table for Type-A PUSCH repetition.
In Rel-15, the maximum number of PUSCH repetition type A can be semi-statically configured to 8 via repK for configured grant PUSCH and via pusch-AggregationFactor 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, which can be dynamically indicated by TDRA field in a DCI. In brief, the number of PUSCH repetition type A is semi-statically configured in Rel-15, while dynamically scheduled via TDRA in Rel-16.
To support higher number of repetitions in Rel-17, extension on number of repetitions for all of these RRC parameters is not necessary. Due to higher resource reservation, supporting large number of repetitions semi static configured number of repetitions should be cautious. While for dynamic indicated 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, with that a row index for the resource allocation table is dynamically indicated by TDRA field in a DCI. 
Proposal 3: For PUSCH repetition type-A with semi-static configured repetition number, i.e. slotAggregationFactor  and repK, the maximum repetition number is not extended. 
Proposal 4: Rel-17 PUSCH repetition Type A with increased maximum number of repetitions only applies to DCI triggered transmission, i.e. dynamic indicated PUSCH repetition, and type-2 configured grant PUSCH repetition.
3. How to determine available UL slots
In previous meetings, how to determine available slots is discussed. It should be further discussed that whether the available slot is determined based on RRC configuration, or also consider the dynamic signalling, and which RRC configurations and dynamic signalling need be considered, if supported.
For available slots determined by RRC configuration, the available slots can be derived once the configuration is provided, which would not be changed frequently. While the PUSCH transmission can also be cancelled by dynamic signalling, e.g. SFI, UL CI, higher priority transmissions, and etc. For these dynamic signalling, there is no HARQ-ACK for these transmissions, and NW is not aware of whether these PDCCH is received by UE. Hence, NW and UE may have different understandings on how the available slots are counted, if dynamic signalling is considered in determination of available slots, as shown in Figure 2. Besides, the RV index is also associated with the available slots determined. NW may need to blind detection multiple RVs, since UE may mis-detect the dynamic signalling.

Figure 2. Illustration of measurement 
Hence, the number of repetitions for PUSCH repetition type A should be counted on the basis of semi-statically configured available UL slots.  If dynamic signalling is not considered for determination of available slots, the slots can be determined prior to the first actual transmission of the PUSCH repetitions.
Proposal 5: Support the number of repetitions for PUSCH repetition type A to be counted on the basis of semi-statically configured available UL slots. 
Proposal 6: Support the determination of all the available slots to be done prior to the first actual transmission of the repetition. 
In Rel-16, several semi-static 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 if the number of repetitions is determined based on available slots as a baseline.
However, the motivation for counting the number of repetitions based on available slots is to provide more transmission opportunities for PUSCH repetitions. Although RAN1 has exclude 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 in determine number of repetitions based on 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 the same as the SSBs that are transmitted by the serving cell for the UEs, as shown in Figure 3.

Figure 3. 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.


Hence, even if an SSB with certain index is not transmitted on the serving cell, and the SSB occasions overlaps with flexible symbols, UE can not transmit PUSCH on the flexible symbols if the SSB index is indicated by SMTC.
Observation 1: 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.
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. Hence, 
Proposal 7: The flexible symbols configured with SSB based measurement by SMTC is not available for PUSCH repetitions.
4. Enhancement on UCI multiplexing on PUSCH repetitions
In Rel-15/16, UCI multiplexing on PUSCH is supported if conditions are fulfilled. In this section, we will discuss the potential issues for UCI multiplexing in the case of PUSCH repetitions.
In current specification, UE does not expect to detect a DCI, indicating a PUCCH resource for HARQ-ACK in a later slot, if UE detects a DCI scheduling a PUSCH transmission in a previous slot and the HARQ-ACK information be multiplexed on the PUSCH transmission. When the number of repetitions is high, the repetition transmission would occupy lots of UL transmission resource, especially in TDD systems where the UL transmission resources is limited. In this case, if there is an UCI carrying HARQ-ACK feedback, as shown in Figure 4, HARQ-ACK would have to wait until PUSCH repetitions have been finished. With the restrictions on PDSCH scheduling, latency-sensitive services could not work well. 

Figure 4. Example of PDSCH scheduling restriction when PUSCH repetitions is scheduled
[bookmark: _GoBack]To overcome this drawback, the above timeline restriction can be removed to facilitate DL scheduling and HARQ-ACK feedback. However, it will lead to a more stringent timeline for UCI multiplexing on PUSCH repetitions. Instead of mapping the PUSCH to transmission occasion in rate matching manner, a looser timeline can be achieved if the UCI is mapped to the PUSCH occasion by puncturing some PUSCH symbols, since UE does not need to regenerate baseband signal of all symbols in the PUSCH resource.
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Proposal 8: HARQ-ACK multiplexing on PUSCH repetitions can be allowed if HARQ-ACK for the scheduling DCI comes after the UL grant of the PUSCH repetition transmission. 
-  The HARQ-ACK could be mapped to the PUSCH resource by puncturing some symbols in the PUSCH occasion.

5. 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: 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.
Proposal 1: For PUSCH repetition Type-A, the maximum number of repetitions can be up to 32.
Proposal 2: For PUSCH repetition Type-A, some candidate values should be considered to obtain the finer granularity of repetitions, e.g. 20,24,28, which can be indicated in higher layer signaling or in TDRA table for Type-A PUSCH repetition.
Proposal 3: For PUSCH repetition type-A with semi-static configured repetition number, i.e. slotAggregationFactor  and repK, the maximum repetition number is not extended. 
Proposal 4: Rel-17 PUSCH repetition Type A with increased maximum number of repetitions only applies to DCI triggered transmission, i.e. dynamic indicated PUSCH repetition, and type-2 configured grant PUSCH repetition.
Proposal 5: Support the number of repetitions for PUSCH repetition type A to be counted on the basis of semi-statically configured available UL slots. 
Proposal 6: Support the determination of all the available slots to be done prior to the first actual transmission of the repetition. 
Proposal 7: The flexible symbols configured with SSB based measurement by SMTC is not available for PUSCH repetitions.
Proposal 8: HARQ-ACK multiplexing on PUSCH repetitions can be allowed if HARQ-ACK for the scheduling DCI comes after the UL grant of the PUSCH repetition transmission. 
-  The HARQ-ACK could be mapped to the PUSCH resource by puncturing some symbols in the PUSCH occasion.
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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Annex 1: Simulation Assumptions
Table 1. Link-level simulation assumptions for PUSCH repetition transmission
	Parameters
	Value 

	Carrier frequency
	4 GHz

	Waveform
	CP-OFDM

	Simulation bandwidth
	20 MHz

	Channel model
	TDL-C

	Delay scaling
	100ns

	Doppler
	100Hz

	Subcarrier spacing
	30 kHz

	Antenna configuration
	1T,2R

	Channel estimation
	Real MMSE

	Channel coding scheme
	LDPC

	MCS
	MCS9: QPSK, 679/1024

	Repetitions
	K= 8,16,20,24,28,32

	Data allocation
	12 RBs allocated, 14 symbols with 3 DMRS

	DMRS configuration
	Type 1, single symbol



Annex 2: Simulation Results for NTN
Based on the link budget parameters, relevant link budget was evaluated to figure out the worst-case achievable SNR for handheld devices as follow in Table 1. It should be noted that antenna gain of -5 dBi is preferable for commercial smart phones, instead of antenna gain of 0 dBi. 
Table 1. Link budget results for Set-1 and Set-2
	Satellite
	Elevation angle
	10
	20
	30
	40
	50
	60
	70
	80
	90

	Set-1
	DL
	LEO-600km
	-3.615
	-0.671
	1.607
	3.338
	4.634
	5.575
	6.214
	6.585
	6.707

	
	
	LEO-1200km
	-1.810
	0.400
	2.220
	3.679
	4.811
	5.653
	6.234
	6.575
	6.687

	
	UL
	LEO-600km
	-10.454
	-7.510
	-5.233
	-3.501
	-2.205
	-1.264
	-0.625
	-0.254
	-0.132

	
	
	LEO-1200km
	-14.649
	-12.439
	-10.619
	-9.160
	-8.028
	-7.186
	-6.605
	-6.264
	-6.152

	Set-2
	DL
	LEO-600km
	-9.615
	-6.671
	-4.393
	-2.662
	-1.366
	-0.425
	0.214
	0.585
	0.707

	
	
	LEO-1200km
	-7.810
	-5.600
	-3.780
	-2.321
	-1.189
	-0.347
	0.234
	0.575
	0.687

	
	UL
	LEO-600km
	-16.454
	-13.510
	-11.233
	-9.501
	-8.205
	-7.264
	-6.625
	-6.254
	-6.132

	
	
	LEO-1200km
	-20.649
	-18.439
	-16.619
	-15.160
	-14.028
	-13.186
	-12.605
	-12.264
	-12.152



Furthermore, as shown in Figure 2, LLS results for PUSCH VoIP have been conducted to recognize the gap between minimum required SNR and the worst-case achievable SNR for handheld devices in NTN. Here, PUSCH VoIP is based on 20 slots (e.g. 20ms in 15kHz SCS) aggregated VoIP transmission to enhance the performance, instead of maximum 16 in current specification. 
[image: ]
Figure 2. LLS results for PUSCH VoIP
From LLS results and link budget results above,  it is apparently observed that there is a significant gap between minimum required SNR and the worst-case achievable SNR. For Set-1 satellite with LEO 1200km orbit altitude, there is a great obstacle to match the minimum required SNR, not to mention Set-2. 
Observation: There is a significant gap to achieve minimum required SNR for PUSCH VoIP in NTN.
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