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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)

Section 2 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 ad hoc meeting Jan. 2019 [2]-[24]. (The related agreements in earlier meetings are listed in Appendix A for reference.) Among these contributions, CMCC[10] discusses intra-UE prioritization/multiplexing, which would be better to be discussed together with other contributions on the same topic under AI 7.2.6.4.
Section 3 summarizes the status of offline discussion on Friday morning.


2	Potential Enhancements for PUSCH
[bookmark: _Toc415085486][bookmark: _Toc503902285]2.1		Support of cross-slot-boundary PUSCH transmission
In RAN1#95, it has been agreed to support at least one of the following to allow cross-slot-boundary PUSCH transmission:
· Option 1: One UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots (also called as “mini-slot repetition” in this document)
· Option 2: One UL grant scheduling two or more PUSCH repetitions in consecutive available slots, with one repetition in each slot with possibly different starting symbols and/or durations (also called as “two-segment transmission” in this document)
· Option 3: N (N>=2) UL grants scheduling N PUSCH repetitions on consecutive available slots, with one repetition in each slot, and the i-th UL grant can be received before the end of the PUSCH transmission scheduled by the (i-1)th UL grant. (also called as “separate grants” in this document)

First of all, it seems worthwhile to clarify on option 2 regarding the behaviour when the resource allocation does not span across slot boundary. The most straightforward interpretation is that in this case, PUSCH is transmitted within a single slot as in Rel-15.
On the high-level, the following summarizes what each company prefers based on the contributions:
· Option 1: Huawei, HiSilicon, ZTE, vivo, MediaTek, CATT, LGE, Panasonic, InterDigital, DOCOMO, Samsung
· Option 2: Ericsson, Intel, Sharp, QC
· Option 3: OPPO
· No clear/single preference: Sony (no option 3), ETRI, Nokia (option 1 or 2), Motorola (option 1 or 2)
The pros and cons of different options have been discussed in the contributions.
Regarding the comparison between option 1 and option 2, the following points have been raised by one or more companies:
· Option 1 provides lower code rate with higher reliability.
· Option 1 allows shorter decoding time: 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 for option 2. On the other hand, it was argued by some companies that this may not provide material benefit because the number of repetitions is provisioned to meet the latency budget based on the worst scenario.
· Option 1 allows more frequency diversity and/or spatial diversity, e.g. by using different TRPs/precoders/beams. However, it is also pointed out that precoder cycling may not be helpful if appropriate PMI can be chosen properly based on CSI, especially in case of low speed. Simulation results were provided by vivo[4], Nokia[19], DOCOMO[21].
· Channel utilization efficiency (Huawei[2]): compared to option 1, option 2 is not as friendly to the TDD slot formats with two switching points. E.g. for slot format 47, with option 1, two mini-slot repetitions can be supported within a slot, while option 2 cannot support this as it is (some enhancements would be necessary).
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· Option 1 allows shorter preparation time (Huawei[2]): This needs further clarification.
· Option 1 provides more robustness to interference (Huawei[2]). If only some symbols experience strong interference, link level results show that option 1 provides better decoding performance.
· Option 1 is more robust to DMRS mis-detection and false alarm due to the presence of DMRS in each repetition (Huawei[2]).
· Option 1 allows the possibility of early termination (Huawei[2]), which improves the efficiency, reduces the interference and improves the reliability. Some system level simulation results are provided in [25] to quantify the gain.
· Option 1 provides more granularity for spectral efficiency/scheduling flexibility (Huawei[2])
· The combinations of the existing MCS entries and different number of repetitions provide more effective spectral efficiency values for scheduling.
· Option 1 allows potentially shorter UCI feedback delay (Huawei[2]): This needs further clarification.
· Option 1 allows more starting opportunities for configured grant (Huawei[2]). This needs further clarification.
· Option 1 has higher DMRS overhead compared to Option 2. However, it has been argued that DMRS sharing can alleviate the problem (Huawei[2]).
· Option 1 may result in “orphan” symbols at the end of the slot, which needs to be handled properly. (Ericsson[5], Sony[9]).
· For option 1, if TBS is determined based on the first repetition, it may lead to excessively high target code rate, resulting in modulation order and base graph mismatch (Ericsson[5]). Option 2, when one PUSCH is splitted into two, has improved coding gain, compared to option 1. However, this depends on how TBS is determined for option 1 and option 2. 

For option 3, there were a few points raised:
· Quite some companies raised concern regarding the additional overhead (ZTE[3], vivo[4]), Ericsson[5], CATT[8], Sony[9], Intel[12], LG[13], QC[18], Motorola[20]). However, it was argued (OPPO[7]) that it does not really increase the PDCCH overhead because the reliability requirement for each PDCCH has reduced due to PDCCH repetition, which would require smaller AL. Simulation results/analysis were provided.
· It was mentioned (Sony[9]) that additional signalling is needed to tell the UE that a single HARQ-ACK should be transmitted. But separate HARQ-ACK can also be transmitted.
· There was a concern regarding the potential UE processing timeline change due to out-of-order PUSCH scheduling for the same HARQ process (Intel[12]).
· It was pointed out (Nokia[19]) that option 3 cannot be used for configured grant. If a unified approach is preferred for dynamic grant and configured grant, either option 1 or option 2 should be used.

2.2	Details of mini-slot repetitions
The definition of option 1 automatically allows the mini-slot repetitions to span across slot boundary. Detailed design of mini-slot repetition have been discussed and mainly includes the following aspects:
· Frequency hopping
· DMRS overhead/sharing
· Time domain resource determination, including the interaction with the slot format configuration/indication
· TBS determination
· Dynamic indication of the number of repetitions
· Extend the same enhancements to PDSCH
· Inter-BWP hopping
· Explicit ACK for early termination

2.2.1	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[2])
· Inter-PUSCH FH (FH between PUSCH transmission instances) (Huawei[2], Panasonic[14], Nokia[19], Samsung[23])
· Inter-slot FH (FH at the slot boundary) (Huawei[2], vivo[4], CATT[9], Nokia[19])
· FH at the middle of the PUSCH repetitions (vivo[4], DOCOMO[21],)
· Dynamic indication of FH point (vivo[4])
· Multi-slot grouping (MediaTek[6])
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[5]. Supporting more than 2 hops was proposed by MediaTek[6] and AT&T[11].
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.

2.2.2	DMRS overhead/sharing
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 (Huawei[2], vivo[4], MediaTek[5], LGE[13], Panasonic[14]).
It is generally recognized that DMRS cannot be shared among symbols with interruptions in between, or with frequency hopping, or across slot boundary. It should also be noted that if any of beam/procoder/QCL/TRP diversity schemes is used across the repetitions, DMRS sharing would not be possible.
How to signal the DMRS positions was discussed (Huawei[2]).
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. So it would be good to study this together with frequency/spatial diversity gain.

2.2.3	Time domain resource determination
A mechanism is needed for UEs to determine Some contributions (Huawei[2], ZTE[3], vivo[4], Nokia[19], WILUS[22]) discussed this issue, and/or the interaction of time resource determination and the slot configuration. The general idea is to transmit PUSCH repetitions on the available UL symbols, and postpone to later available UL slots/symbols if there are sufficient symbols in a slot. The unusable symbols (e.g. DL symbols) for mini-slot repetitions within a slot was discussed in Huawei[2], with a similar handling.
 However, there are some details that need to be further discussed, e.g. how exactly the time-domain resources are being signalled and determined. Some issues and proposals include:
· How to define an available slot and/or an available symbol
· Postponing should only occur within a predefined window (vovi[4]).
· Repetition patterns with periodicities of 2 symbols and 7 symbols were proposed in (LGE[13]), 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[2], Spreadtrum[14], Panasonic[16]) that can potentially fit better with the slot structure and/or allow better multiplexing of multiple UEs. 
· ne or more non-consecutive allocation of consecutive PUSCH instances was proposed in (ETRI[15]).
· It was also mentioned that the repetitions may be allowed to have the same or different length to better accommodate the slot structure. (DOCOMO[21])
2.2.4 TBS determination
TBS determination was considered for mini-slot based repetition (Huawei[2], Ericsson[5], MediaTek[6], CATT[8], QC[18], Nokia[19], CAICT[24]), e.g. whether the TBS is determined based on one repetition only or the total duration of all the repetitions, and if it is based on one repetition, which one it is and/or what assumptions should be made.
There were some simulation results comparing the performance between the case using lower MCS with one long PUSCH transmission and the case using higher MCS with multiple repetitions:
· It is shown in (Huawei[2]) that the performance difference is quite small in the case studied.
· However, non-negligible performance loss is seen by using higher MCS (Ericsson[5], QC[18]).
In terms of how to determine TBS, the following has been proposed:
· TBS is determined using the first repetition, with or without counting DMRS (MediaTek[6]).
· TBS is determined using the PUSCH with the minimum number of available REs (CAICT[24]).
· Alternatively, TBS can be determined based on the total amount of available resources across all the repetitions.
In addition, it was pointed out (Nokia[19]) that the same consideration applies to both option 1 and option 2.

2.2.5	Dynamic indication of the number of repetitions
Dynamic indication of the number of repetitions has been proposed by some companies (Ericsson[5], Sony[9], Intel[12], LGE[13], Nokia[19]]) to allow more efficient system operation.

2.2.6	Others
There are some other topics that are also discussed, such as:
· Early termination of PUSCH repetitions (Huawei[2], vivo[4])
· Non-contiguous frequency allocation (vivo[4])
· Extending the same enhancements to PDSCH (Nokia[19])
· Inter-BWP hopping (Panasonic[14])
· Use coarse step size for RB length and RB start when frequency hopping is enabled (MediaTek[6])
· TBS scaling if lower SE is necessary (Intel[12])


2.3	Details of two-segment repetitions
Some details of two-segment repetitions were also discussed:
· Time domain resource indication
· SLIV with S+L > 14 (Ericsson[5])
· Two or more time resources are explicitly indicated in one UL grant (ETRI[15])
· How is TBS determined? The first one, or the shorter one, or the longer one, or the total duration?
· Ericsson[5] proposed to use the total duration to determine TBS.
· Frequency hopping
· Both inter-slot FH and intra-slot FH were discussed (Ericsson[5]).
· Sony[9]: Each segment should contain its own DMRS
· Sony[9]: Each segment has sufficient encoded bits to be decoded independently.
· 

2.4		Power control enhancements
The following power control enhancements have been discussed by some companies:
· Different power control parameters for URLLC and eMBB, and dynamic indication of the set of PC parameters (InterDigital[16])
· Give higher priority to URLLC traffic in power-limited case (LGE[8])
· No need to discuss PC enhancements (Sharp[17])
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.

2.5	Others
There are some additional enhancements that has been discussed:
· CDD for transmit diversity (MediaTek[6])
· Allow highest priority to URLLC traffic potentially including dropping other overlapping UL transmissions (LGE[13])
· TBS scaling to achiever lower BLER target (Intel[12])
· UCI multiplexing/dropping rules (ETRI[15])
· An enhanced DCI format which can support different diversity transmission schemes (Motorola[20])

3	Summary of offline discussion

Offline consensus:
Modify the earlier agreement as follows:
At least for scheduled PUSCH, for the option “One UL grant scheduling two or more PUSCH repetitions in consecutive available slots, with one repetition in each slot with possibly different starting symbols and/or durations” (also called as “two multi-segment transmission”), if supported, it further consists of:
· Time domain resource determination
· The time domain resource assignment field in the DCI indicates the starting symbol and the transmission duration of all the repetitions. 
· FFS multiple SLIVs indicating the starting symbol and the duration of each repetition
· FFS details of SLIV, including the possibility of modifying SLIV to support the cases with S+L>14.
· FFS the interaction with the procedure of UL/DL direction determination
· For the transmission within one slot,
· If there are more than one UL period within a slot (where each UL period is the duration of a set of contiguous symbols within a slot for potential UL transmission as determined by the UE) 
· Alt1: One repetition spans across more than one UL periods.
· This implies that DMRS is required for each UL period.
· Note: it is agreed in previous meetings that one PUSCH instance is not across a slot boundary
· Each repetition occupies contiguous symbols available for potential UL transmission across one or more UL periods
· Alt2: One repetition is within one UL period.
· FFS if more than one UL period is used for the transmission (If more than one UL period is used, this would override the previous definition of this option.)
· Each repetition occupies contiguous symbols 
· Otherwise, a single PUSCH repetition is transmitted within a slot following Rel-15 behavior.
· FFS Transmission of the repetitions spanning across more than two slots is not supported.
· Frequency hopping
· Support at least inter-slot FH
· FFS other FH schemes
· FFS TBS determination (e.g. based on the whole duration, or based on the first repetition, overhead assumption)

Offline consensus
Companies are encouraged to provide more details in RAN1#96 at least for the following:
· Details of the time domain resource determination, including the interaction with the DL/UL direction of the symbols
· Details of TBS determination
· What is different for scheduled PUSCH and configured grant?
· E.g. for configured grant, should the transmission be allowed to postpone when conflicting with DL symbols?
· Comparison between the two schemes, including the potential performance evaluation/analysis (including latency, reliability, etc), complexity, overhead, etc.
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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.

RAN1#95
Agreements:
Support at least one of the following for one TB:
· One UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots
· One UL grant scheduling two or more PUSCH repetitions in consecutive available slots, with one repetition in each slot with possibly different starting symbols and/or durations
· N (N>=2) UL grants scheduling N PUSCH repetitions on consecutive available slots, with one repetition in each slot, and the i-th UL grant can be received before the end of the PUSCH transmission scheduled by the (i-1)th UL grant.
· FFS the definition of available slots

Appendix B: Proposals from contributions
[2]	R1-1900046	PUSCH enhancements for URLLC	Huawei, HiSilicon
	Observation 1: Mini-slot based repetition within one slot for grant based PUSCH has benefits in many aspects, e.g. channel utilization efficiency, latency, robust to random interference, exploiting spatial diversity, as compared to one-shot long PUSCH 

Proposal 1: Rel-16 URLLC supports at least 
· One UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots
Proposal 2: The following aspects related to mini-slot based repetition within a slot are considered 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 3: 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 4: 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 



[3]	R1-1900071	Grant-based PUSCH enhancements for URLLC	ZTE
	Proposal 1: For grant-based PUSCH enhancement, one UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots.
· Each repetition has the same number of symbols
Proposal 2: For grant-based PUSCH repetitions, an available slot contains enough uplink or flexible symbols, which is larger than the total number of symbols needed for one repetition and GP. 
· The first available symbols in the available slot is the first uplink or flexible symbols other than the symbols used for GP.  



[4]	R1-1900128	PUSCH enhancements for URLLC	vivo
	Observations 1:
1) Comparing to baseline scheme of case 1, it can be observed that case 2 with DMRS sharing achieves 0.8dB gain at 10^-3 BLER.
2) Comparing to baseline scheme of case 1, it can be observed that case 3 with frequency hopping provides about 0.7dB gain at 10^-3 BLER.
3) Comparing the results for case 2 and case 3, it can be observed that similar performance can be achieved for DMRS sharing and frequency hopping. More specially, DMRS sharing can yield about 0.1dB gain than frequency hopping at 10^-3 BLER.
4) Comparing the results for case 2 and case 4, it can be observed that two clusters with non-contiguous resource allocation can yield about 0.2dB gain than continuous resource allocation at 10^-3 BLER.
Observations 2: For 2-symbol PUSCH with repetitions, both DMRS sharing and frequency hopping are beneficial for performance improvement. Moreover, DMRS sharing is better than frequency hopping in terms of BLER performance.

Proposal 1: It is preferred that one UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots.
Proposal 2: 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-domain resources of subsequent repetitions are derived by UE based on duration of each repetition, number of repetitions and slot format.
Proposal 3: Postponement of repetition transmission instance should be allowed within a predefined time window, due to conflict transmission direction.
Proposal 4: Option 2 is not considered further. 
· Option 2: One UL grant scheduling two or more PUSCH repetitions in consecutive available slots, with one repetition in each slot with possibly different starting symbols and/or durations
Proposal 5: DMRS sharing for non-slot PUSCH repetitions should be further studied based on the following considerations.
· DMRS sharing can be adopted for repetitions on consecutive symbols in a slot, e.g. without frequency hopping and without time gap among multiple repetitions.
Proposal 7: 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 points and DCI indicates the applied hopping point.
Proposal 8: UL cancelation indication mechanism could be used for early termination of PUSCH repetitions.
2 PUSCH repetitions are assumed and each PUSCH transmission comprises 2 symbols, i.e. 2-symbol mini-slot PUSCH.
•	Case 1 (w/o DMRS sharing and w/o frequency hopping) 
•	Case 2 (w/ DMRS sharing and w/o frequency hopping)
•	Case 3 (w/o DMRS sharing and w/ frequency hopping)
•	Case 4 (w/ DMRS sharing and w/ non-contiguous frequency allocation)
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[5]	R1-1900160	PUSCH Enhancements for NR URLLC	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	In the examined cases, it is not possible to reach the lowest spectral efficiency in the Rel-15 MCS table even with 1 repetition when using the full bandwidth. Thus using more repetitions and basing TBS determination on the allocated resources in the first transmission does not give noticeable gains in spectral efficiency compared to the Rel-15 MCS table.
Observation 3	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	Adopt Alternative 2, where one TB is carried by two PUSCH transmissions in two consecutive available slots.
Proposal 2	Signalling of the TB transmission cross slot boundary is realized by existing time-domain resource allocation mechanism of DCI, with the start symbol (S) and allocation length (L), S+L>14.
	The first PUSCH transmission starts at symbol S until the end of the first scheduled slot.
	The second PUSCH transmission starts at the first available symbol in the next slot with a duration of (S+L-14) symbols.
	FFS on same or configured RV for two PUSCHs
Proposal 3	TBS determination is enhanced to be based on the total amount of occupied resources when (mini-)slot aggregation is applied.



[6]	R1-1900210	Enhancements of NR PUSCH for URLLC	MediaTek Inc.
	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: Adopt Option 1 for UL scheduling of PUSCH repetitions. 
Proposal 2: Study the possibility of supporting CDD for URLLC to enhance the UL transmit diversity.
Proposal 3: DMRS sharing should be supported for mini-slot repetition.
Proposal 4: 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 5: A study of the trade-off between frequency hopping and DMRS sharing is needed. 
Proposal 6: Mini-slots grouping should be supported to enable frequency hopping and DMRS sharing simultaneously. 
Proposal 7: Allow for more than 2 frequency hops when mini-slot repetition is used.
Proposal 8: A frequency hopping pattern could be defined if more than two frequency hops are to be supported.
Proposal 9: Differentiation between Rel-15 mini-slot/slot aggregation and Rel-16 mini-slot repetition should be specified.
Proposal 10: 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.



[7]	R1-1900283	PUSCH enhancement for URLLC	OPPO
	Observation 1: Slot-across improves processing timeline slightly, about 1%-2%.
Observation 2: PDCCH overhead hardly increase for scheme 3(N (N>=2) UL grants scheduling N PUSCH repetitions).
Proposal 1: N (N>=2) UL grants scheduling N PUSCH repetitions is supported due to flexible schedule, little specification work and small PDCCH overhead increase, if slot-across transmission is necessary.
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[8]	R1-1900333	Discussion on potential enhancements to PUSCH	CATT
	· Observation: the Rel-15 UL power control framework provides the necessary tools to support different power control loops for URLLC and non-URLLC PUSCH. 
· Proposal 1: at least support the case where a PDCCH schedules two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots.
· Proposal 2: PUSCH repetitions may be independently configured for slot-based and mini-slot-based PUSCH or for different traffic types. The signaling details (dynamic or RCC) are FFS. 
· Proposal 3: consider support of inter-slot frequency hopping for mini-slot repetitions across slots.



[9]	R1-1900372	L1 enhancements on PUSCH for URLLC	sony
	Observation 1: DMRS repetition improves channel estimation, which will improve the reliability of PUSCH.
Observation 2: Reducing the DMRS overhead can lead to higher specification impact since new specifications are required to determine which PUSCH repetition can or cannot contain DMRS. Separate PUSCH TB constructions may be required for PUSCH repetition with and without DMRS.
Observation 3: Orphan symbol(s) can be eliminated via gNB scheduler by ensuring that the start of the PUSCH repetitions does not lead to any orphan symbols.
Proposal 1: The gNB indicates e.g. via DCI, whether the orphan symbol in a mini-slot PUSCH repetition that crosses slot boundary is DTX or used for another transmission, such as partial PUSCH repetition.
Proposal 2: The number of PUSCH mini-slot repetitions for Rel-16 eURLLC transmission is indicated in the UL grant.
Proposal 3: If 2 Segment PUSCH repetition is introduced, each segment should contain its own DMRS.
Proposal 4: If 2 Segment PUSCH repetition is introduced, each segment has sufficient encoded bits to be decoded independently.  
Proposal 5: Multi UL grant PUSCH repetition where each PUSCH repetition is scheduled by an independent DCI is not considered further in this SI.



[10]	R1-1900416	Discussion on PUSCH enhancements for URLLC	CMCC
	[bookmark: _Hlk521069310]Proposal 1: For any two HARQ process IDs A and B for a given cell, if the scheduling DCI scrambled by C-RNTI for unicast PUSCH/PDSCH transmission A comes before (in time) the scheduling DCI scrambled by MCS-C-RNTI and/or C-RNTI for unicast PUSCH/PDSCH transmission B, UE can be scheduled such that PUSCH/PDSCH for B is before PUSCH/PDSCH for A.
Proposal 2: For any two HARQ process IDs A and B for a given cell, if scheduled unicast PDSCH transmission with C-RNTI scrambled DCI for A comes before the scheduled unicast PDSCH transmission with MCS-C-RNTI and/or C-RNTI scrambled DCI for B, UE can be triggered to send the HARQ-ACK for A after the HARQ-ACK for B.
Proposal 3: The closed loop power control mechanism needs to be enhanced if out-of-order scheduling is supported.
Proposal 4: The reference point and the adjustment amount can be re-described as: 
· 
The reference point is , where the UL grant scheduling PUSCH transmission occasion i-r is no later than the UL grant scheduling PUSCH transmission occasion i and r is the minimum positive integer that meets the above conditions
· the adjustment amount shall be the sum of delta indicated in the UL grant which is transmitted between the UL grant scheduling PUSCH transmission occasion i-r (not included) and the UL grant scheduling PUSCH transmission occasion i (included).
Proposal 5: Multiple pdsch-AggregationFactor，pusch-AggregationFactor should be configured by RRC signaling and UE can select one aggregation factor according to the RNTI which are used to scramble the scheduling DCI or DCI format.



[11]	R1-1900439	On Frequency Hopping for PUSCH	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 



[12]	R1-1900495	On PUSCH enhancements for eURLLC	Intel Corporation
	Observation 1
· Among the considered PUSCH repetition options, one UL grant scheduling repetitions in different slots with different TDRA has least impact on UE operations comparing to Rel.15
Observation 2
· In case of single TRP assumption, 1 and 2 repetitions with and w/o hopping outperform other repetitions schemes.
· In case of two TRP assumption, 2 repetitions outperform other schemes.
Proposal 1:
· Support dynamic indication of PUSCH repetitions in scheduling grant and activation DCI
· Support UL grant scheduling two or more PUSCH repetitions in consecutive available slots, with one repetition in each slot with possibly different starting symbols and/or durations
Proposal 2:
· 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.
	               Single TRP
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	               Two TRP
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	[bookmark: _Ref528946924]Figure 2. BLER vs SNR, no frequency hopping
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	[bookmark: _Ref535015818]Figure 3. BLER vs SNR, frequency hopping applied.






[13]	R1-1900593	PUSCH enhancements for NR URLLC	LG Electronics
	Proposal 1: To mitigate slot boundary issue and minimize an effect on PDCCH reliability, it is necessary to support following for one TB which is transmitted by grant-based UL transmission
· One UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots
Proposal 2: For supporting PUSCH repetition in a slot, the following options can be considered: 
· Option 1: repeating same PUSCH allocation over consecutive symbols in a slot
· Option 2: repeating same PUSCH allocation with certain periodicity in a slot
· 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. 
Proposal 5: For UL transmission with dynamic grant, the number of repetitions can be indicated by a L1 signalling



[14]	R1-1900674	On PUSCH enhancements for NR URLLC	Panasonic
	Observation 1: N UL grants scheduling N PUSCH repetitions on consecutive available slots is mainly to have the flexibility to allow different starting symbol between each repetitions in each slot, which is not really necessary because the motivation should be to have the starting symbol of the next repetition in next slot as soon as possible for reduced latency.

Observation 2: Option 2 is a subset of option 1, with both having the same principle on how to select the starting symbol for subsequent repetitions on the subsequent slots and with option 1 having the addition feature of intra-slot (mini-slot) repetition.

Observation 3: Conventional repetition can lead to very high DMRS overhead in certain scenarios where the length of PUSCH is quite short

Observation 4: 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 5: 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 6: 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.


Proposal 1: One UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots. 
· Different redundancy version are allowed between PUSCH repetitions.
· Different precoder/beam/TRP are allowed between PUSCH repetitions.
· Further Details are FFS

Proposal 2: For repetition within the slot, at least 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.



[15]	R1-1900688	Potential enhancements to PUSCH	ETRI
	Observation 1: Consecutive mini-slot allocation requires a new rule for UL resource collision.
Observation 2: Non-consecutive mini-slot allocation requires more latency.
Proposal 1: If mini-slot based PUSCH repetition is introduced, one PUSCH occasion consists of one or more non-consecutive allocation of consecutive PUSCH instances.
Proposal 2: If the slot based PUSCH repetition is introduced, two or more time resources are explicitly indicated in one UL grant without increasing payload.
Observation 3: It is beneficial to allow UL grant before DL assignment in Rel-16 eURLLC study.
Observation 4: The UCI multiplexing/dropping rule is related to intra-UE UL multiplexing.
Proposal 3: Further study how to deal with UCI multiplex/dropping in the PUSCH enhancement study.



[16]	R1-1900804	On Potential PUSCH enhancements for URLLC 	InterDigital, Inc.
	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.



[17]	R1-1900834	Views on potential enhancements to PUSCH for URLLC	Sharp
	Observation 1:
· Back-to-back transmission crossing slot boundary can handle an abrupt data arrival and fulfil the latency requirement.
· Option 2 with 2 repetitions via implicit RA rule can be used to support only back-to-back transmission crossing slot boundary and may have minimum specification impact
Observation 2:
· To support enhanced PUSCH transmission with repetitions>2, it should be carefully considered based on the requirement
Proposal 1:
· Enhanced PUSCH repetition scheme for Rel-16 is introduced to support back-to-back transmission via option 2 with 2 repetitions.
· Option 2 with implicit resource mapping rule is applied for back-to-back transmission within 2 slots
· Three options can be considered based on the possible requirement and resource conditions. 
Proposal 2:
· Mechanism to control total number of repetitions via dynamic manner is supported in Rel-16 eURLLC.
· FFS Implicit RA rule or explicit DCI indication
Proposal 3:
· Discussion of different power control for URLLC is not necessary in RAN1



[18]	R1-1900898	PUSCH enhancements for eURLLC	Qualcomm Incorporated
	Observation 1: Option 3, i.e., assuming UL grants scheduling N PUSCH repetitions on consecutive available slots, increases control overhead.
Proposal 1: For dynamic PUSCH enhancement, adopt Option 2 for Rel. 16 eURLLC, i.e., one UL grant schedules two or more PUSCH repetitions in consecutive available slots, with one repetition in each slot with possibly different starting symbols and/or durations.
[image: ]
(a) TDL-C channel with 300 ns delay spread
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(b) TDL-A channel with 30 ns delay spread

Figure 2: QPSK with long PUSCH vs 16 QAM with mini-slot repetition; same payload size and resource allocation is used. 


[image: ]
(a) TDL-C channel with 300 ns delay spread
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(b)TDL-A channel with 30 ns delay spread
Figure 3: Long PUSCH with rate R vs mini-slot repetition with rate 2R per transmission; same payload size and resource allocation is used. 



[19]	R1-1900929	On PUSCH enhancements for NR URLLC	Nokia, Nokia Shanghai Bell
	Observation 2-1: Separate UL grants can be used to solve the cross-slot boundary PUSCH transmission for dynamically scheduled PUSCH operation but is not applicable for the case of configured grant operation. Therefore, either mini-slot repetition or 2-segment transmission, which can be applied to both scheduled and configured grant operation, should be supported. The additional support of separate UL grants can be further considered.
Observation 2-2: The optimal number of frequency hops (and related number of segments / repetitions) is depending on the allocated bandwidth. 
· For wideband allocations needed for cell edge UEs, two frequency hops with 2 DM-RS symbols (2 transmission segments) clearly outperform mini-slot repetition with K>2 (and K DM-RS symbols).
· For narrowband allocations, the mini-slot repetition with K>2 outperforms the 2 segment transmission due to the additional diversity. 
Observation 2-3: Orphan symbols should be used for mini-slot repetition through shortened or lengthened mini-slots. Considering the orphan symbol issue for mini-slot repetition, the gNB is in better control of the overall number of PUSCH symbols and/or the PUSCH transmission duration with the 2-segment transmission. 
Proposal 2-1: Support scheduled and configured grant PUSCH transmission through mini-slot or 2-segment transmission across UL periods for flexible TDD. Detailed usage of flexible symbols and SFI are FFS. 
Observation 2-4: In case of SFI decoding failure, the gNB and UE have a different assumption on the usable UL symbols for PUSCH repetition within a slot leading to potential decoding errors. Using the SFI may therefore decrease the reliability whereas neglecting the SFI will increase the latency. 
Observation 2-5: The identified issue of imperfect modulation selection and scheduling restrictions in case the TBS determination by the mini-slot length L (for mini-slot repetition) or the first PUSCH transmission segment (for 2-segment transmission) and the related solution to overcome this issue is equally applicable to both candidate techniques enabling cross-slot PUSCH transmission. 
Observation 2-6: Scheduled mini-slot repetition should support dynamic repetition factor indication whereas for 2-segment transmission changes to the SLIV definition are seen as needed. For configured grant operation to cross the slot boundary, only minor changes to the RRC configuration framework are foreseen. 
Observation 2-7: Based on our analysis, both mini-slot repetition and 2-segment operation are feasible solutions to provide cross-slot boundary PUSCH operation, with each having its own pros and cons. 
Proposal 2-2: RAN1 to discuss further and down-select between mini-slot repetition and 2-segment operation to enable cross-slot boundary transmission for dynamically scheduled and configured grant PUSCH. 
Observation 3-1: The current NR design of blind/HARQ-less repetition of scheduled PDSCH & PUSCH has severe limitations in terms of the (dynamic) repetition flexibility affecting the overall NR efficiency. 
Proposal 3-2: 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

[image: ]



[20]	R1-1900939	PUSCH enhancement for URLLC	Motorola Mobility, Lenovo
	Observation 1: Transmitting multiple UL grants scheduling multiple PUSCH carrying the same TB at each HARQ (re)-transmission stage may significantly increase average DCI signalling overhead for successful delivery of one TB.
Proposal 1: Rel-16 NR eURLLC supports one UL grant can schedule multiple PUSCHs carrying the same TB.  
Proposal 2: For PUSCH repetition within a slot and in consecutive slots, if the remaining symbols in the slot cannot accommodate one PUSCH transmission instance, PUSCH repetition should resume in the next slot.   
Proposal 3: An enhanced DCI format which can support different diversity transmission modes including PUSCH transmission without diversity should be studied. 



[21]	R1-1900971	PUSCH enhancements for URLLC	NTT DOCOMO, INC.
	Proposal 1:
· Support one UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots.
· Support 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.
[image: ]	[image: ]
[image: ]



[22]	R1-1901011	On PUSCH enhancement for eURLLC	WILUS Inc.
	· Proposal 1: When determining the first available symbol, it should be further studied whether or not to exclude a semi-static flexible symbol right after semi-static DL symbols or SS/PBCH blocks.
· Proposal 2: It should be further studied whether or not to transmit a very long deferred PUSCH repetition and how to terminate the PUSCH repetition.



[23]	R1-1901068	Potential enhancements for PUSCH for URLLC	Samsung
	Proposal #1: Support the combination of Solution #1 and Solution #2, i.e., support one UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots, with one repetition in each slot with possibly different starting symbols and/or durations. 
Proposal #2: Strive to support the consecutive transmission when the remaining symbols in one slot are less than the scheduled symbols for one transmission. Further study on the details.
Proposal #3:  The available slot is defined as the slot that has at least one set of consecutive symbols for one PUSCH transmission/repetition. 
Proposal #4: For mini-slot level repetition, consider to support mini-slot based frequency hopping with two hops as a baseline. 



[24]	R1-1901131	Potential enhancements to PUSCH for URLLC	CAICT
	Observation 1: It is necessary to decide the reference PUSCH which is used to decide the TB size when the DMRS overhead is different in the repeated PUSCH.

Proposal 1: The PUSCH which corresponds to the minimum value of  is used as the reference PUSCH to decide the TB size in the PUSCH repetitions.
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