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1	Introduction
PUSCH enhancements were included as one of the objectives in the NR URLLC L1 SID [1]:
URLLC L1 improvements (RAN1) for further improved reliability/latency and for other requirements related to the use cases identified, 
· PDCCH enhancements. Study focus on Compact DCI, PDCCH repetition, increased PDCCH monitoring capability 
· UCI enhancements. Study focus on Enhanced HARQ feedback methods (increased number of HARQ transmission possibilities within a slot), CSI feedback enhancements
· PUSCH Enhancements. Study focus on mini-slot level hopping & retransmission/repetition enhancements.
· Enhancements to scheduling/HARQ/CSI processing timeline (UE and gNB), (for existing TTI durations)

This contribution summarizes the key issues and proposals on potential enhancements for PUSCH, based on companies’ contributions submitted under AI 7.2.6.1.3 to RAN1#95 [2]-[21]. (The related agreements in earlier meetings are listed in Appendix A for reference.) 
Potential way forwards are proposed for futher discussion. 

2	Potential Enhancements for PUSCH
[bookmark: _Toc415085486][bookmark: _Toc503902285]2.1		Mini-slot based repetitions vs. 2-segment transmission
[bookmark: _GoBack]Mini-slot based repetitions have been discussed by most of the companies. The companies that clearly stated the preference to support it include Huawei [3], vivo[4], ZTE[6], LGE[8], CATT[9], Spreadtrum[14], Nokia[15], Panasonic[16], InterDigital[17], DOCOMO[18], Motorola[19]. The potential advantages that have been identified by the companies include the following (note that this does not mean consensus from all the companies):
· Lower latency (Huawei[3], vivo[4], LGE[8], Nokia[15], Docomo[18])
· It has reduced latency compared to slot-based repetitions in Rel-15.
· Comapred to a single PUSCH transmission with the same total transmission duration, the gNB can potentially successfully decode the packet after the first repetition or the first few repetitions, as opposed to decoding after the full duration. The success rate of the first repetition can be quite high due to the overall high reliability.
· Mini-slot level diversity (beam/precoder/QCL diversity) (ZTE[6], Docomo[18], Qualcomm[20])
· Lower data rate (ZTE[6])
· Data rate that is lower than what is defined in the low SE MCS table in Rel-15 is necessary to achieve the required reliability in certain use cases.
· More granularity for spectral efficiency/scheduling flexibility (Spreadtrum[14])
· The combinations of the existing MCS entries and different number of repetitions provide more effective spectral efficiency values for scheduling.
· Better frequency diversity (Nokia)
· There is fundamental drawback in the PUSCH intra-slot frequency hopping in Rel-15, which may not be able to provide frequency diversity for a code block if there are multiple code blocks in a TB (in which case, a code block may be transmitted entirely in one hop). Mini-slot based repetition can provide proper frequency diversity if at least inter-PUSCH repetition hopping is supported.
One contribution (Samsung[13]) considers it unnecessary to support mini-slot based repetitions for scheduled PUSCH, because existing mechanisms with slot-based repetition can already meet the latency and reliability requirements for all use cases.
One contribution (Qualcomm[20]) is open to consider the support of mini-slot based repetitions.

Alternatively, 2-segement PUSCH transmission has been discussed by Ericsson[2], Intel[7] and OPPO[11]. This is illustrated in Figure 1 (borrowed from [2]). The main motivation is to support:
· Cross slot boundary transmission for reduced latency.
The durations of the two segments depend on the relative position of the starting OFDM symbol and the slot boundary.
UL data with N-symbol duration is configured or scheduled to cross the slot border.
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UL data is split into two repetitions. The first PUSCH starts at the configured or assigned starting symbol and ends at the end of the present slot. The second PUSCH starts at the beginning of the subsequent slot and ends at the symbol corresponding to the original configured or scheduled length.
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Figure 1 Illustration of 2-segment PUSCH transmission

These two proposals can be considered as competing proposals and at most one of them should be supported. Given the clear majority support for mini-slot based repetitions, and the fact that cross-slot boundary transmission can also be achieved using mini-slot based repetitions, it is proposed that:
Proposal: Capture in the TR that it is beneficial to support mini-slot based repetitions for PUSCH.
Proposal: Mini-slot based repetitions for PUSCH should be supported in Rel-16.

2.2	Details of mini-slot based repetitions
Detailed design of mini-slot based repetition have been discussed and mainly includes the following aspects:
· Whether to allow to cross slot boundary
· Frequency hopping
· DMRS overhead
· Repetition pattern, including the interaction with the slot format configuration/indication
· Dynamic indication of the number of repetitions
· Extend the same enhancements to PDSCH
· TBS determination
· Inter-BWP hopping
· Explicit ACK for early termination
2.2.1	Support of cross slot boundary
The issue of whether to support cross slot boundary transmission for mini-slot based repetitions were discussed in some contributions (Ericsoon[2], Huawei[3], vivo[4], MediaTek[5], ZTE[6], LGE[8], Sony[10], Nokia[15], InterDigital[17], CAICT[21]), and all proposed to support it. No company has showed a view against it. It allows a sufficient number of repetitions to be transmitted to ensure reliability, without being limited by the slot boundary. It is also important to support cross slot boundary transmission to avoid unnecessary PDCCH overhead to schedule two separate PUSCH transmissions.
Proposal: For mini-slot based repetitions, cross slot boundary transmission is supported.

2.2.2	Frequency hopping (FH)
Different schemes to support frequency hopping have been discussed by some companies, which can be roughly summarized into the following categories (some of them may have overlap/similarity):
· Intra-PUSCH FH (FH within a PUSCH transmission instance) (Huawei[3])
· Inter-PUSCH FH (FH after each PUSCH transmission instance) (Huawei[3], Nokia[15], Panasonic[16])
· Inter-slot FH (FH at the slot boundary) (Huawei[3], vivo[4], CATT[9], Nokia[15])
· FH at the middle of the PUSCH repetitions (DOCOMO[18], vivo[4])
· Dynamic indication of FH point (vivo[4])
· Multi-slot grouping (MediaTek[5])
The first 3 schemes can be considered as the extensions of Rel-15 PUSCH FH schemes. Based on the limited input from companies, it appears that inter-PUSCH FH and inter-slot FH have reasonable amount of support from companies.
In addition, dynamic indication of on/off for FH was proposed by Ericsson[2]. Supporting more than 2 hops was proposed by MediaTek[5] and AT&T[12].
One aspect that interacts with frequency hopping is the support of DMRS sharing, because different frequency hopping schemes have different impact on DMRS overhead, which affects the potential performance gain. This will be discussed in Section 2.23.
Proposal: Frequency hopping is supported for mini-slot based repetitions for PUSCH.
· FFS details

2.2.3	DMRS overhead
DMRS overhead has been raised as one potential concern for mini-slot level repetition, and DMRS sharing across multiple PDSCH transmission instances/repetitions has been proposed to reduce DMRS overhead (Ericsson[2], Huawei[3], vivo[4], MediaTek[5], LGE[8], CATT[9], Panasonic[16]). It was observed (OPPO[11]) that the gain from frequency hopping and precoder cycling is not clear given the DMRS overhead.
It was pointed out that frequency hopping can potentially reduce the opportunity for DMRS sharing, because DMRS is required for each of the frequency hops. For example, if frequency hop happens after each PUSCH transmission instance, DMRS sharing is not possible at all. For intra-PUSCH FH, DMRS overhead would be even larger. Some of the FH schemes may be more friendly to DMRS sharing, e.g. inter-slot FH, or FH with mini-slot groups.
It should also be noted that if any of beam/procoder/QCL diversity schemes is used across the repetitions, DMRS sharing would not be possible or would be limited.

2.2.4	Repetition pattern
This refers to the time resource determination of PUSCH repetitions. Some contributions (Huawei[3], vivo[4], ZTE[6], Nokia[15]) discussed the interaction of time resource determination and the slot configuration. The general proposal is to postpone to later UL symbols if some symbols are not usable. However, there are some details that need to be further discussed.
It was proposed in (Sony[10]) to introduce valide OFDM symbols for transmission, similar to valid subframes in eMTC.
Repetition patterns with periodicities of 2 symbols and 7 symbols were proposed in (LGE[8]), i.e. 2-symbol periodicity for 1 or 2-symbol mini-slot, and 7-symbol periodicity for 3 to 7-symbol mini-slot.
Non-contiguous repetition was discussed (Huawei[3], Spreadtrum[14], Panasonic[16]) that can potentially fit better with the slot structure and/or allow better multiplexing of multiple UEs.
It was also mentioned that the repetitions may be allowed to have the same or different length to better accommodate the slot structure. (DOCOMO[18])

2.2.5	Dynamic indication of the number of repetitions
Dynamic indication of the number of repetitions has been propsed by some companies (Ericsson[2], ZTE[6] Intel[7], LGE[8], Sony[10], Nokia[15], Qualcomm[20] (for slot-based repetition), CAICT[21]).
· 
2.2.6	Others
There are some other topics that are also discussed, such as:
· Extending the same enhancements to PDSCH (Nokia[15], InterDigital[17])
· Early termination of PUSCH repetitions (Huawei[3], vivo[4])
· Inter-BWP hopping (Intel[7], Panasonic[16])
· TBS determination (Ericsson[2])
· It was proposed that TBS determination is enhanced to be based on the total amount of occupied resources when (mini-)slot aggregation is applied.
· Use coarse step size for RB length and RB start when frequency hopping is enabled (MediaTek[5])
· Repetition specific resource allocation (Intel[7])
· TBS scaling if lower SE is necessary (Intel[7])

2.3		Power control enhancements
The following power control enhancements have been discussed by some companies:
· Different power control parameters for URLLC (Sony[10], InterDigital[17])
· Give higher priority to URLLC traffic in power-limited case (LGE[8])
· Modified TPC accumulation behaviour if out-of-order scheduling/HARQ is support (CAICT[21])
At least the first two would require differentiation of URLLC and non-URLLC traffic, and is more appropriate to be handled in the context of intra-UE prioritization/multiplexing.

2.4	Others
There are some additional enhancements that has been discussed:
· CDD for transmit diversity (MediaTek[5])
· TBS scaling to achiever lower BLER target (Intel[7])
· Differentiate URLLC and eMBB traffic by RNTI  (Sony[10])
· Indicate the uplink resources for PUSCH transmission in an enhanced SR for URLLC (Sony[10])
· An enhanced DCI format which can support different diversity transmission schemes (Motorola[19])
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Appendix A: Previous agreements on potential enhancements for PUSCH

RAN1#94bis
Agreements:
· One PUSCH transmission instance is not allowed to cross the slot boundary at least for grant-based PUSCH.


Appendix B: Proposals from contributions
[2] R1-1812155 Ericsson
	Observation 1	Basing the TBS determination on the allocated resources in the first transmission can lead to inflexible scheduling, and poor usage of the MCS table.
Observation 2	When (mini-)slot aggregation is used, basing the TBS determination on the allocated resources in the first transmission may lead excessively high target code rate, resulting in modulation order and base graph mismatch.

Proposal 1	Reduce the alignment delay at the slot boundary by supporting 2-segmented transmissions before and after the slot boundary.
Proposal 2	Consider the following alternatives for PUSCH scheduling across slot border:
· Alt 1) Methods based on two PUSCH transmissions across the slot boundary based on implicit signaling by using the start symbol (S) and allocation length (L) in the time-domain resource allocation and S+L > 14.
	The first PUSCH transmission starts at symbol S until the end of the slot.
	The second PUSCH transmission starts at the beginning of next slot including the remaining symbols.
	FFS on same or configured RV for two PUSCHs
	Alt 2) Methods based on mini-slot repetition
	Support dynamic repetition
	Support Dynamic frequency hopping.
	FFS on how to reduce DMRS overhead
	Study whether Alt 2 is beneficial with respect to performance and signalling overhead as compared to Alt 1.
Proposal 3	TBS determination is enhanced to be based on the total amount of occupied resources when (mini-)slot aggregation is applied.



[3] R1-1812223 Huawei, HiSilicon
	Observation 1: Mini-slot based repetition within one slot for grant based PUSCH has benefits to reduce latency compared to Rel-15 slot-based repetition.
Proposal 1: Mini-slot based PUSCH repetition within a slot should be supported in Rel-16 URLLC.
· Further study on contiguous and/or non-contiguous repetition patterns
· The remaining mini-slot repetition(s) should be allowed to be postponed to the next slot if one slot cannot hold all the repetitions. 
· Further study on DMRS sharing mechanism for contiguous mini-slot repetitions within one slot to reduce the DMRS overhead and thereby saving resources for UL-SCH transmission.
· Indication of repetition types, i.e. slot-based repetition and/or mini-slot based repetition, using semi-static signaling should be considered
· repetition types applicable for different resource mapping types, e.g. A and B, should be considered  
· A PUSCH repetition should be postponed to the next available UL opportunity, if any portion of the repetition is expected to be transmitted in conflict with SFI assignments 
Proposal 2: Intra-slot and inter-slot frequency hopping for mini-slot based repetition could be considered in NR Rel-16. The following schemes could be considered and analyzed:
· Intra-slot frequency hopping schemes for mini-slot based repetition 
· Without data splitting within each PUSCH transmission
· With data splitting within each PUSCH and 
· without frequency switching of the splitted parts between two consecutive PUSCH transmissions, or
· with frequency switching of the splitted parts between two consecutive PUSCH transmissions.
· Inter-slot frequency hopping for mini-slot repetition, where all repetitions within one slot are hopped to the same frequency and other repetitions within the consecutive slot are hopped to the same frequency that is different from that of the previous slot.
Proposal 3: An explicit ACK feedback from the network to UE for early termination of PUSCH repetition could be considered for Rel-16 URLLC. 
· Both UE-specific DCI and group common DCI could be considered to carry the explicit ACK feedback 



[4] R1-1812314 vivo
	Proposal 1: For non-slot based transmission, repetition transmissions within/across slot(s) should be supported for latency reduction.
Proposal 2: For non-slot based repetition transmission within a slot, frequency hopping across repetitions can be considered for URLLC.
Proposal 3: For hopping point determination of repetitions, the following alternatives can be considered. 
· Alt1: hopping point determination bases on the number of repetitions.
· Alt2: RRC configures the set of hopping point and DCI indicates the applied hopping point.
Proposal 4: For the time-domain resource determination for non-slot based PUSCH repetition:
· Time resource allocation of first transmission is indicated by DCI and the time resource of subsequent repetitions is derived by the number of transmissions and slot format.
Proposal 5: Postponement of repetition transmission instance should be allowed within a predefined time window, due to conflict transmission direction.
Proposal 6: DMRS sharing in non-slot repetitions should be further studied based on the following considerations.
· DMRS sharing can only be adopted for contiguous repetitions without frequency hopping.
Proposal 7: UL cancelation indication mechanism could be used for early termination of PUSCH repetitions.



[5] R1-1812376 MediaTek
	Observation 1: CDD outperforms precoding if the targeted error rate is lower than 10-2.
Observation 2: high DMRS overhead is not needed to meet the targeted URLLC performance.
Observation 3: Supporting frequency hopping will limit the use of DMRS sharing.
Observation 4: When frequency hopping is enabled and when using 14 bits for RIV value and BWP’s BW is 275, we can have allocation sizes: [1, 60] & [218, 275] resource blocks only

Proposal 1: Study the possibility of supporting CDD for URLLC to enhance the UL transmit diversity.
Proposal 2: DMRS sharing should be supported for mini-slot repetition.
Proposal 3: To determine the PUSCH DMRS positions when DMRS sharing is enabled for mini-slot repetition, consider a group of repetitions as a single mini-slot and re-use the same specification given in section 6.4.1 on this basis [TS38.211].  
Proposal 4: A study of the trade-off between frequency hopping and DMRS sharing is needed. 
Proposal 5: Mini-slots grouping should be supported to enable frequency hopping and DMRS sharing simultaneously. 
Proposal 6: Allow for more than 2 frequency hops when mini-slot repetition is used.
Proposal 7: A frequency hopping pattern could be defined if more than two frequency hops are to be supported.
Proposal 8: Differentiation between Rel-15 mini-slot/slot aggregation and Rel-16 mini-slot repetition should be specified.
Proposal 9: Use coarse step sizes for the RB length and the RB start when the frequency hopping is enabled. Step sizes  and   should fulfil certain conditions to avoid holes in the spectrum and inefficient spectrum usage.



[6] R1-1812386 ZTE
	Proposal 1: Mini-slot repetition within one slot for grant-based PUSCH is supported in Rel-16.
Proposal 2: Support K repetitions across the slot boundary. 
· FFS the first available symbol after crossing slot boundary.



[7] R1-1812503 Intel
	Proposal 1:
· Support dynamic indication of PUSCH repetitions in scheduling grant and activation DCI
· Support repetition specific time domain resource allocation
Proposal 2:
· Study further the benefits of introducing inter-BWP frequency hopping including potentially shorter UL BWP switching times
Proposal 3:
· Consider the mechanism of TBS scaling for PUSCH data transmission if currently available lowest SE MCS entries do not achieve the BLER required for the new use cases.



[8] R1-1812574 LGE
	Proposal 1: For URLLC PUSCH transmission, non-slot PUSCH repetition within a slot should be supported.
Proposal 2: For supporting non-slot repetition, the following options can be considered: 
· Option 1: repeating non-slot PUSCH over consecutive symbol in a slot
· Option 2: repeating non-slot PUSCH with certain periodicity
· 1 and 2 symbol non-slot scheduling shall be repeated with 2 symbol periodicity 
· Time-domain resource allocation should be in [2N-1th symbol, 2Nth symbol] when N=1, 2, …, 7
· From 3 to 7 symbol non-slot scheduling shall be repeated with 7 symbol periodicity 
· Time-domain resource allocation should be in [1st symbol, 7th symbol] or [8th symbol, 14th symbol]
Proposal 3: when non-slot PUSCH repetition within a slot is used, to improve transmit reliability, DMRS sharing between transmitted non-slot PUSCH repetitions could be considered.
Proposal 4: Power limited case should allow highest priority to URLLC traffic potentially including dropping other overlapping UL transmissions. 



[9] R1-1812630 CATT
	· Proposal 1: mini-slot-based PUSCH repetitions should be considered for both scheduled and configured PUSCH transmissions in Rel-16.
· Proposal 2: consider DMRS overhead reduction for contiguous mini-slot repetitions within a slot. 
· Proposal 3: study the frequency diversity gains if intra-slot frequency hopping is enabled for mini-slot repetitions taking into account the DMRS overhead penalty. 
· Proposal 4: consider support of inter-slot frequency hopping for mini-slot repetitions across slots.
· Observation: the Rel-15 UL power control framework provides the necessary tools to support different power control loops for URLLC and non-URLLC PUSCH. 



[10] R1-1812744 Sony
	Proposal 1: PUSCH mini-slot repetitions can cross slot boundaries.
Proposal 2: Introduce valid OFDM symbols for PUSCH transmission such that PUSCH repetitions occur only in valid OFDMY symbols.
Proposal 3: The number of PUSCH repetitions is indicated dynamically in the UL grant.
Proposal 4: PUSCH for eMBB and URLLC traffic types are scheduled using different UL grants, which can be distinguished by different RNTI.
Proposal 5: Consider indicating the uplink resources for PUSCH transmission in an enhanced SR for URLLC.



[11] R1-1812817 OPPO
	Observation 1: For uplink system, as long as transmit power and time domain resource keep the same, reliability is very similar regardless of MCS and/or repetition, especially for low code rate transmission. 
Observation 2：Lowest MCS in MCS table defined in Rel15 is not bottleneck for higher reliability, e.g 10^-6 for uplink transmission. Power and transmission duration is bottleneck for uplink.
Observation 3: Considering DMRS overhead, gain from enhanced operation, e.g frequency hopping and precoder cycling is not clear.
Observation 4: Back-to-back transmission is benefit to reduce latency and the following back-to-back transmission can be considered: Multiple schedule, Split transmission by slot boundary and Back-to-back mini-slot repetition 



[12] R1-1812855 AT&T
	Proposal 1:  RAN1 should support enhanced frequency hopping for mini slots
Proposal 2:  RAN1 should study mechanism to support PUSCH enhancements at the same time without increasing the payload of PDCCH



[13] R1-1812996 Samsung
	Observation #1: Slot-based PUSCH transmission (without repetition) with Rel-15 MCS table can achieve 10-6 BLER with required Q value for factory automation.
Observation #2: Slot-based PUSCH transmission (without repetition) with Rel-15 MCS table can achieve 10-5 BLER with required Q value for Re-15 enabled use case with 200 bytes TBS.
Observation #3: For other use cases, there is no much different between slot-based repetition and mini-slot repetition, which will across more than one slot.
Observation #4: For grant-based PUSCH transmission, with a proper UL/DL configuration, direction confliction may not be an issue. 
Observation #5: With other collision handling method, e.g., cancel symbols other than cancel the whole slot, more scheduling flexibility is provided for gNB to meet URLLC requirement. 
Based on the observations, we proposed:
Proposal: The study on PUSCH repetitions within a slot focuses on configured grant. 



[14] R1-1813068 Spreadtrum
	Observation 1: Slot-level repetition may not help increase the reliability of the URLLC traffic within the required latency in case of small PUSCH SCS.
Observation 2: Non-contiguous mini-slot repetition is beneficial for the time domain resource utilization from the UE’s perspective.  
[bookmark: OLE_LINK12][bookmark: OLE_LINK11]Observation 3: Mini-slot repetition is beneficial for the scheduling flexibility and the spectral efficiency. 
Proposal 1: Mini-slot repetition within a slot should be supported for PUSCH.



[15] R1-1813115, Nokia
	Observation: The current NR design of blind/HARQ-less repetition of scheduled PDSCH & PUSCH has severe limitations in terms of the repetition periodicity affecting the achievable latency and (dynamic) repetition flexibility affecting the overall NR efficiency. 
Based on the related discussions, the following proposals are made: 
· Proposal 1: Support scheduling based blind/HARQ-less repetition for PDSCH/PUSCH within a slot in Rel-16 (in addition to repetition across slots of Rel-15 NR). Details are FFS. 
· Proposal 2: Support dynamic indication of blind/HARQ-less repetition for PDSCH/PUSCH in Rel-16. 
· FFS: size of bit field in the scheduling DCI, addressable repetition numbers



[16] R1-1813133, Panasonic
	Proposal 1: For NR URLLC in Rel. 16, for grant-based, enhancements related to mini-slot repetition (= PUSCH mapping type B) within a slot should be focused.
Proposal 2: For repetition within the slot, contiguous repetition should be supported and support for non-contiguous repetition patterns should be further discussed as it might need additional signalling.
Proposal 3: For repetition within the slot for PUSCH, DMRS sharing between repetitions should be supported.
Proposal 4: For repetition within the slot for PUSCH, frequency hopping between repetitions should be supported.
Proposal 5: Faster inter-BWP hopping should be supported for retransmissions and repetition of data and/or control channels by defining pre-configured hopping patterns and signalling them via higher layer signalling.

Observation 1: Conventional repetition can lead to very high DMRS overhead in certain scenarios where the length of PUSCH is quite short.
Observation 2: For repetition within the slot for PUSCH, removal of DMRS from certain repetition rounds will allow to reduce the DMRS overhead and provide more flexibility in terms of DMRS configurations, which are not possible currently in NR Rel. 15.
Observation 3: For repetition within the slot for PUSCH, removal of DMRS from certain repetition rounds will also allow to reduce the overall latency and make the resources available for other URLLC/eMBB traffic in the pipeline.
Observation 4: For low-latency applications, DCI-based inter-BWP hopping is not suitable, as it will increase the latency due to the decoding of DCI in order to switch/hop between different BWPs.



[17] R1-1813235 InterDigital
	Proposal 1: NR Rel-16 should support mini-slot based repetitions within a slot.
Proposal 2: NR Rel-16 should support mini-slot based repetitions across the slot boundary.
Proposal 3: Support configuration of up to two sets of power control parameters to support eMBB and URLLC separately. FFS what parameters can be configured for each set. FFS if applicable also when SRI is configured.
Proposal 4: Support dynamically scheduled transmission-specific set of power control parameters e.g., by DCI indication of the set applicable to the transmission. FFS if applicable also when SRI is configured.



[18] R1-1813326 NTT DOCOMO, Inc.
	Proposal 1:
· Study mini-slot repetitions as the promising candidates for URLLC enhancements and capture the benefits and advantages of them in the TR.
· PUSCH repetitions shorter than one repetition per slot (e.g., repetitions within a slot).
· PUSCH repetitions with precoder/QCL (or SRI)-cycling across repetitions.
Proposal 2:
· Study further detailed options of following for PUSCH repetition and capture the options in the TR.
· Frequency-hopping
· E.g., the number of repetitions in the first hop is floor(N/2), the number of repetitions in the 2nd hop is ceiling (N/2) where N is the number of repetitions within a slot
· Time-domain resource allocation, 
· Option 1: each repetition has same transmission length.
· Option 2: each repetition can have different transmission length.



[19] R1-1813354 Motorola Mobility, Lenovo
	Proposal 1: For PUSCH reliability improvement, support of diversity transmission of PUSCH in (a) same/different time-frequency resources with same or different QCL assumptions, and/or (b) different TTIs (similar to LTE-HRLLC) should be further studied.
Proposal 2: An enhanced DCI format which can support different diversity transmission schemes including PUSCH transmission without diversity should be studied. 



[20] R1-1813435 Qualcomm
	Proposal 1: For Rel. 16 eURLLC, the aggregationFactorUL can be indicated dynamically in the DCI.
Proposal 2: If mini-slot level repetition is adopted, for each mini-slot length, a set of symbol indices can be set for starting the repetition bundle.  



[21] R1-1813508 CAICT
	Proposal 1: Study repetition pattern, mini-slot level frequency hopping, support repetition crossing slot boundary, indication of the number of repetitions, and multi-TRP based repetition for PUSCH repletion with mini-slot level.
Proposal 2: Support out-of-order PDSCH/PUSCH scheduling and HARQ-ACK report for PDSCH.
Proposal 3: Reconsider the accumulation TPC command for closed loop PUSCH/PUCCH power control with out-of-order out-of-order PUCCH scheduling and HARQ-ACK report supported.



