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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#96 [2]-[25]. (The related agreements in earlier meetings are listed in Appendix A for reference.) 
Section 3 consists of two alternative proposals for down-selection discussion. 

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 two options (Option 1 “mini-slot based repetition” and Option 2 “multi-segment transmission”) to allow cross-slot-boundary PUSCH transmission. At RAN1 AH1901, it has been agreed to aim to down-select between Option 1 and Option 2 at RAN1#96, based on provided comparisons of different companies between the two competing schemes. 
Based on the provided analysis by the different companies it seems that both Option 1 and Option 2 are viable options with their own pros and cons analysed. Companies either gave their preference for either of Option 1 or Option 2 or discussed feature details for both options without showing a clear preference. Only a single company (CATT [9]) suggested supporting both Option1 and Option 2 and enabling dynamic change between the two options based on dynamic DCI signalling. 

On the high-level, the following summarizes what each company prefers based on the contributions:
· Option 1: Huawei/HiSilicon, vivo, ZTE, MediaTek, AT&T, LGE, Panasonic, Interdigital, Spreadtrum, DOCOMO, TCL, CAICT
· Option 2: Ericsson, Nokia/NSB, Intel, Sharp, QC
· Option 1 & Options 2: CATT, Samsung, Panasonic
· No clear/single preference: OPPO, ETRI, WILUS, Sony
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 (if TBS is defined per mini-slot).
· 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 Huawei[2], vivo[4], Nokia[8], Intel[16], QC[25].
· Option 1 allows the possibility of early termination (Huawei[2], vivo[4]), which improves the efficiency, reduces the interference and improves the reliability. 
· 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 is more robust to DMRS mis-detection and false alarm due to the presence of DMRS in each repetition (Huawei[2]).
· The following points were raised in Huawei[2] as the advantages of option 1 but needs further clarification.
· 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. The generalization of this finding needs further clarification. 
· 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 (>10 companies).
· Option 1 may result in “orphan” symbols at the end of the slot, which needs to be handled properly. (>15 companies).
· 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[3]). 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 1, if TBS is determined based on the total number of symbols, for higher coding rates not all systematic bits are transmitted from the circular buffer (Ericsson[3]). For option 2, the same may apply if RV0 is applied on the smallest segment (LGE[10) – but this can be solved by assigning RV0 to the largest segment (Ericsson[3])
· For option 2, the coding rate of the smaller segments may be larger than 0.948 (Huawei[2], Mediatek[6]) if TBS is defined based on the total number of symbols. This needs futher clarification as the same may apply to achieve higher spectral efficiency also with mini-slot repetition. 
· For option 2 the number of bits for T-domain RA (i.e. SLIV) may need to be increased (several companies including Huawei[2], VIVO[4],…) but at the same time the need for dynamic repetition indication for option 1 has been identified by several companies (Ericsson[3], AT&T[7], CATT[9],…) increasing the DCI overhead similarly. 

In addition, there is still the FFS point from AH#1901 whether to also support Option 3 operation. Two companies (vivo [4], OPPO [13]) discuss the support of Option 3, whereas most other companies did not discuss the additional support of Option 3.  Based on this RAN1 needs to decide to support or to not support Option 3. 

2.2	Details of mini-slot repetitions (Option 1)
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
· Explicit ACK for early termination

2.2.1	Frequency hopping (FH)
At RAN1 AH#1901, it was agreed already that at least inter-PUSCH-repetion and inter-slot hopping is to be supported for Option 1, with further options as FFS. 
	Agreements: 
….
· Frequency hopping (at least 2 hops)
· Support at least inter-PUSCH-repetition hopping and inter-slot hopping
· FFS other FH schemes
· FFS number of hops larger than 2
….



Based on companies contributions, the following can be noted on the supported FH modes: 
· Additional Intra-PUSCH FH (FH within a PUSCH transmission instance, i.e. within a mini-slot) discussed e.g. in Huawei[2], whereas e.g. Samsung [12] clearly stating that this should not be supported due to high DM-RS overhead (and inter-PUSCH repetition to be supported already).
· Most companies do not discuss this option in their contribution at all. 

Based on companies contributions, the following can be noted on the number of hops larger than 2: 
· Two companies (MTK [6], AT&T [7]) propose to support more than 2 hops
· Two companies (Samsung [12], DoCoMo [21]) clearly state that more than 2 hops should not be supported
· Two companies provided evaluation results (vivo [4], Nokia [8]) showing that FH gains can only be achieved for narrowband PRB allocations. For wider PRB allocations (e.g. needed for cell-edge UEs), it will not be possible to define even two non-overlapping FH allocations.  

The discussion of how to use FH for mini-slot repetition in most contributions is closely related to the issue of DM-RS overhead. Having a low DM-RS overhead (e.g. when combined with mini-slot DM-RS sharing) and applying extensive frequence hopping will not be possible. 
A few other points from company contributions are listed below: 
· Inter-PUSCH-repetition and inter-slot FH should not be supported at the same time (ZTE[5])
· FH at the middle of the PUSCH repetitions (vivo[4], ZTE[5], DOCOMO[21],…)
· Multi-slot grouping (MediaTek[6])
· Dynamic indication of FH point/pattern (vivo[4])
· For CG, symbol level hopping & more flexible hopping patterns (OPPO[13])
· Low overhead dynamic signalling of applied FH (MediaTEK[6], AT&T[7])
As discussed above, there is a strong relation to the issue of DM-RS sharing for mini-slot repetition. Therefore, it seems that more discussions (also in terms of potential DM-RS sharing) is needed before being able to proceed during RAN1#96.  

2.2.2	DMRS overhead/sharing
DMRS overhead has been raised as one of the major concerns 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], ZTE[5], MediaTek[6], CATT[9], LGE[10], Sony[11], OPPO[13], ETRI[14], Panasonic[15], TCL[17], Interdigital [18], CAICT[24]).
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.
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. Some of the FH schemes may be more friendly to DMRS sharing, e.g. inter-slot FH, or FH of a group of consecutive mini-slots within a slot. 
On the other hand, 3 companies (Samsung[12], Spreadtrum [20], DoCoMo [21]) propose to not support DM-RS sharing, based on the following reasons:
· The decoding reliability is affected by DM-RS sharing. Especially for CG operation, the UE identification / DM-RS detection may be impacted (Spreadtrum [20])
· DM-RS sharing not needed as a longer mini-slot would be used in case of no FH / slot-boundary and dynamic repetition factor indication is supported (Samsung[12], DoCoMo[21])


2.2.3	Time domain resource determination
For the time-domain resource determination, at least the following issues need to be further clarified:
· Definition of available symbols for PUSCH transmission / UL periods for TDD
· Basic mini-slot structure
· Handling of orphan symbols

Definition of available symbols for PUSCH transmission / UL periods for TDD
The definition of in principle available symbols for PUSCH transmission / UL periods for TDD in terms of semi-static slot-indication / dynamic SFI is equally applicable to Option 1 and Option 2. Therefore, the related summary is not repeated in Sec. 2.3. 
The related company discussions and proposals include: 
· Six cases that need clarification have been identified by LGE[10], where the first 4 cases are not TDD specific but are more related to intra-UE multiplexing / prioritization discussions. The identified specific cases for TDD include UL symbols indicated by dynamic SFI (case 5) and flexible symbols in general (case 6). 
· Dynamic SFI indication may not be reliable enough for URLLC (Nokia[8], LGE[10], Qualcomm[25]). Therefore dynamically indicated UL symbols may not be used and only semi-statically indicated UL symbols could be considered. 
· Flexible configured symbols and dynamically indicated flexible symbols can be used for scheduled mini-slot based repetition (ZTE[5])
· Some of the flexible symbols cannot be used for UL transmission due to DL-UL (TA) and UL-DL switching times (LGE[10], WILUS[23])

Basic mini-slot structure
This basically defines, how the mini-slot of the 2nd to Kth repetition is structured based on the resource allocation of the first repetition (indicated in the DCI for scheduled PUSCH). 
The related company discussions and proposals include: 
· Repetition patterns with periodicities of 2 symbols and 7 symbols resulting in a fixed regular mini-slot repetition structure were proposed in (LGE[10]), i.e. 2-symbol periodicity for 1 or 2-symbol mini-slot, and 7-symbol periodicity for 3 to 7-symbol mini-slot.
· Most companies (at least based on the Figures in companies contributions – e.g. Huawei[2], VIVO[4], ZTE[5], … - just to name a few) see the repetitions to be in contiguous UL symbols within an UL period/slot and to start from the first valid symbol for PUSCH transmission of an UL period (after slot-boundary or DL-UL/RX-TX switch).

Orphan symbol handling
The problem of orphan symbols has been discussed by many companies. The discussions mainly focused on the dropping or shortening of the mini-slot in this case, as well as if either the number of repetitions is to be guaranteed (by delaying / postponing the mini-slot to the next available UL period/slot) or to count the dropped mini-slot in the number of repetitions. 
The related company discussions and proposals include: 
· Postpone the mini-slot in case orphan symbol to the next available UL period / slot and thereby guarantee the number of repetitions (Huawei[2], vivo[4], ZTE[5], WILUS[23])
· Postponing should only occur within a certain time window (vivo[4], WILUS[23]).
· Drop the mini-slot in case of orphan symbol - the number of repetitions cannot be guaranteed (CATT[9], LGE[10], OPPO[13], Interdigital[18], DoCoMo[21])
· gNB signals to the UE whether to drop or postpone the transmission in case of the orphan symbols (Sony[11])
· Transmit a shortend mini-slot in the orphan symbols (Nokia[8], Samsung[12] using rate-matching), ETRI[14], Sharp[19])
· Applies only in case of having >1 symbol available (Samsung[12])
· Segmentation of orphan symbols at the slot boundary (Panasonic[15])
· It has been pointed out, that for scheduled mini-slot based repetition, the gNB should at least guaranteed that the first repetition can be transmitted as scheduled (LGE[10]). 
· It was also noted in CATT[9] and Sony[11] that orphan symbol issue can be solved by gNB scheduling by delaying the start of repetition without affecting the overall repetitions.

2.2.4 TBS determination
TBS determination was considered for mini-slot based repetition by several (>10) companies, e.g. whether the TBS is determined based on the number of REs of one repetition only or the number of REs of all the repetitions, and if it is based on one repetition, which one it is and/or what assumptions should be made.
As seems to be commonly acknowledged, defining the TBS based on a single mini-slot will lead to a lower effective coding rate & spectral efficiency than indicated by the MCS and will limit the operation with high spectral efficiencies cross the slot boundary in the end. The TBS defined by all repetitions in contrast, will enable also high spectral efficiency operation but not allow the spectral efficiency (& coding rate) to be lower than given by MCS0 and may lead to a coding rate above 0.948 for each individual mini-slot transmission for high spectral efficiencies.

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], QC[25]) that the performance difference is quite small in the case studied of low MCS.
· However, non-negligible performance loss is seen by using higher MCS / modulation orders (Ericsson[3], QC[25]).

On the high-level, the following summarizes what each company prefers based on the contributions:
· TBS determination given by the MCS and a single mini-slot: Huawei[2], vivo[4], ZTE[5], Mediatek[6], LGE[10], Samsung[12], OPPO[13], Sharp[19], Spreadtrum[20], DoCoMo[21], CAICT[24]
· This includes the options based on the first mini-slot (most supporting companies), minimum number of REs across the mini-slots (CAICT), different DM-RS assumptions (Mediatek)
· TBS determination given by the MCS and all combined mini-slots: Ericsson[3], Sony[11] 
· Based on the high/low spectral efficieny trade-off, Panasonic [15] identified the need to support both TBS determination methods.

In addition, it was pointed out (Nokia[8], CATT[9]) that the same consideration applies to both option 1 and option 2.

2.2.5	Number of repetitions for mini-slot based repetition
First of all, there is a need to differentiate between NR Rel-15 slot-based repetition and potential Rel-16 mini-slot based repetition as pointed out by Huawei[2] and Mediatek[6]. Both companies discuss that this could be done through higher-layer signalling (such as RRC). 

For scheduled PUSCH operation, dynamic indication of the number of repetitions has been proposed by several companies (Ericsson[2], AT&T[7], Nokia[8], CATT[9], LGE[10], Sony[11], Samsung[12], OPPO[13], ETRI[14], DoCoMo[21]), to allow more efficient system operation, as e.g. the mini-slot based repetition may not be required or efficient in case of no cross-slot boundary transmission. Spreadtrum [20] pointed out that the dynamic repetition indication in the DCI will increase the DCI overhead and therefore dynamic repetition indication is not to be supported. 

Not discussed in any of the companies’ contributions, similarly, RAN1 would need to discuss the repetition number in case of multiple active configured grants. Clearly, a different repetition number (incl. repetition vs. no repetition) will be needed for CG of different traffic types. For several CG configurations for the same traffic type, the repetition factor may be depending on the fact if the overall PUSCH transmission is to cross the slot boundary or not. These details should be handled as part of the CG enhancements in AI 7.2.6.3.     

2.2.6	Others
There are some other topics that are also discussed, such as:
· Early termination of PUSCH repetitions (Huawei[2], vivo[4])
· Extending the same enhancements to PDSCH (Nokia[8], Interdigital[18])
· Use coarse step size for RB length and RB start when frequency hopping is enabled (MediaTek[6])
· Fixed RV determination (Sony[11]) versus configurable RV pattern (DoCoMo[21]) 

2.3	Details of multi-segment transmissions (Option 2)
Some details of multi-segment transmission (Option 2) have been discussed by several companies which are summarized below:
· Time domain resource indication
· A single SLIV for all segments (Ericsson[2], Samsung[12], Sharp[19], DoCoMo[21], WILUS[23], Qualcomm[25]) or separate SLIVs for each transmission segment (ETRI[15], Intel [16], Interdigital [18]) can be used. 
· In case of a single SLIV for multiple segments
· L is the absolute transmission time window opportunity (Samsung[12], Qualcomm[25]) leading in case of TDD to a potentially lower number of transmitted symbols across all segments than L – whereas other companies (incl. e.g. Sharp[19]) suggest the definition of L to be the number of actually transmitted PUSCH symbols across all segments.
· S+L > 14 needed (e.g. Ericsson[3], Samsung[12])
· SLIV =14*(L-1) +S (Samsung[12])
· The discussion on the definition of available UL symbols for PUSCH transmission for TDD (depending on semi-static slot-indication and/or dynamic SFI, DL/UL switching gap) of Option 1 is equally applicable also for Option 2 (and is therefore not repeated here).
· Maximum number of PUSCH segments in a slot for TDD
· Several companies suggest to use all availale UL periods in a slot (Ericsson[2], LGE[10], Panasonic[15], Sharp[19]), whereas other companies discuss a single segment / PUSCH transmission per slot (incl. Huawei[2], Samsung[12]).
· How is TBS determined? The first one, or the shorter one, or the longer one, or the total duration? Similar discussion as in Sec. 2.2.4 for mini-slot repetition applies. The companies indicated the following preferences:
· Huawei [2], OPPO[13], Intel[16] propose to use the TBS determination based on the first transmission segment. 
· Ericsson[3], Nokia[8], Sony [11], Samsung[12], Sharp[19], DoCoMo[21], Qualcomm [25] proposed to use the total duration to determine TBS.
· ETRI[14] propose to use the average number of REs across all segments to define the TBS.
· LGE[10] proposes to define the TBS to at least guarantee a minimum number of coded bits X to be mapped to each segment. 
· Frequency hopping
· The support of intra-slot FH were discussed (ETRI[14],  DoCoMo [21]). The possibility to align with the segment boundaries has been mentioned (Intel [16], DoCoMo[21]).
· DM-RS sharing
· DoCoMo[21] discussing potential DM-RS sharing across segments whereas Sony[11] states that each segment should contain its own (front-loaded) DMRS
· RV-usage
· Different RV to be used for each segment (Sony[11])
· Assign RV0 to the longest segment to increase the number of transmitted systematic bits across all the transmission segments (Ericsson[3])

2.4	Others
There are some additional enhancements that has been discussed:
· Non-contiguous PUSCH allocations (vivo [4])
· CDD for transmit diversity (MediaTek[6])
· Different power control parameters for URLLC and eMBB (CATT[9])
· Note: This would require differentiation of URLLC and non-URLLC traffic, and is more appropriate to be handled in the context of intra-UE prioritization/multiplexing.
· Allow highest priority to URLLC traffic potentially including dropping in case of overlapping UL transmissions or power-limitation (LGE[10])
· Note: This would require differentiation of URLLC and non-URLLC traffic, and is more appropriate to be handled in the context of intra-UE prioritization/multiplexing.
· UCI multiplexing/dropping rules (ETRI[14])
· Note: ETRI[14] noted themselves that this is related to intra-UE prioritization/multiplexing discussions.

3	Performance evaluation results 
Several sources compared the performance of mini-slot based repetition and multi-segment transmission by means of link level evaluations. 
The results of different sources for 4GHz deployments are summarized in Table 1, where the common evaluation assumptions include: carrier frequency 4GHz, 30kHz SCS, 4RX, 40MHz, MMSE based channel estimation.
Table 1: Link level evaluation results on mini-slot based repetition versus multi-segment transmission for 4GHz scenario
	Source
	Channel
	FDM-RA / TBS
	PUSCH scheme
incl. TD-RA
	SNR
1-e3
	SNR
1e-4
	SNR
1-e5
	SNR
1-e6
	Other comments

	Huawei
(R1-1901559)
	TDL-C
300ns
2TX
	8PRB
36byte
	1 rep. 
12 OS incl. 4 DM-RS 
	-2,5
	-1,6
	NA
	NA
	

	
	
	
	2 rep
6 OS incl. 2 DM-RS
	-3,5
	-2,6
	NA
	NA
	TRP cycling
RV-02

	
	
	
	4 rep
3 OS incl. 1 DM-RS 
	-2,5
	-1,8
	-1,1
	NA
	TRP cycling with 2TRPs
RV-0231

	Huawei
(R1-1901559)
	TDL-C
300ns
2TX
	8PRB 36byte
	1 rep. 
12 OS incl. 4 DM-RS 
	8
	NA
	NA
	NA
	With partial interference on the last 6 symbols (SNR_7_12=SNR+6dB)

	
	
	
	2 rep
6 OS incl. 2 DM-RS
	0,6
	NA
	NA
	NA
	With partial interference on the second repetition only (SNR2=SNR+6dB)

	VIVO
(R1- 1901694)
	TDL-C
100ns
2TX
	52PRB
16byte
	2 rep:
2 OS incl. 1 DM-RS
	-9,2
	-8,2
	NA
	NA
	No FH, no DM-RS sharing

	
	
	
	2 rep:
2OS, DM-RS in 1st rep
	-9,6
	-8,8
	NA
	NA
	No FH, DM-RS sharing

	
	
	
	2rep:
2OS incl. 1 DM-RS
	-8,8
	NA
	NA
	NA
	FH applied

	
	
	
	2 rep:
2OS, DM-RS in 1st rep
	-9,6
	-8,7
	NA
	NA
	Dual-cluster PUSCH, DM-RS sharing

	VIVO
(R1- 1901694)
	TDL-C
100ns
2TX
	47PRB
32byte
	2 rep:
2 OS incl. 1 DM-RS
	-6,6
	NA
	NA
	NA
	No FH, no DM-RS sharing

	
	
	
	2 rep:
2 OS, DM-RS in 1st rep
	-7,2
	-6,5
	NA
	NA
	No FH, DM-RS sharing

	
	
	
	2rep:
2 OS incl. 1 DM-RS
	-6,4
	NA
	NA
	NA
	FH applied

	
	
	
	2 rep:
2 OS, DM-RS in 1st rep
	-7
	NA
	NA
	NA
	Dual-cluster PUSCH, DM-RS sharing

	VIVO
(R1- 1901694)
	TDL-C
100ns
2TX
	26PRB
32byte
	2 rep:
2 OS incl. 1 DM-RS
	-2,8
	NA
	NA
	NA
	No FH, no DM-RS sharing

	
	
	
	2 rep:
2 OS, DM-RS in 1st rep
	-3,7
	NA
	NA
	NA
	No FH, DM-RS sharing

	
	
	
	2rep:
2 OS incl. 1 DM-RS
	-3,6
	-2,6
	NA
	NA
	FH applied

	
	
	
	2 rep:
2 OS, DM-RS in 1st rep
	-3,9
	-2,9
	NA
	NA
	Dual-cluster PUSCH, DM-RS sharing

	Ericsson
(R1-1901595)
	TDL-C
300ns
2TX
	8PRB
32bytes
	1 rep
8 OS incl 1 DM-RS
	-0,9
	0,6
	1,6
	NA
	No FH

	
	
	
	4 rep
2 OS, 1 DM-RS in 1st rep
	0,4
	1,7
	2,9
	NA
	No FH, DM-RS sharing

	Ericsson
(R1-1901595)
	TDL-C
300ns
2TX
	16PRB
100bytes
	1 rep
8 OS incl 1 DM-RS
	-1
	0,1
	1,3
	NA
	No FH

	
	
	
	4 rep
2 OS, 1 DM-RS in 1st rep
	0,9
	2
	3,2
	NA
	No FH, DM-RS sharing

	Ericsson
(R1-1901595)
	TDL-C
300ns
2TX
	10PRB
106bytes
	2 rep. 
2 OS + 6 OS 1 DM-RS in each rep 
	3,5
	4,7
	5,6
	NA
	RV-20 (RV0 used for the larger segment)

	
	
	
	4 rep 
2 OS, DM-RS in 1st and 3rd rep 
	5,2
	6,8
	8,2
	NA
	RV-0231
DM-RS sharing between 2 repetitions

	Qualcomm
(R1-1903006)
	TDL-C
300ns
1TX
	12PRB
80bytes
	1 rep
8 OS incl. 2 DMRS
	-1
	NA
	NA
	NA
	QPSK

	
	
	
	2 rep
4 OS incl. 1 DM-RS
	0,8
	NA
	NA
	NA
	16QAM
RV-00
FH

	
	
	
	2 rep
4 OS incl. 1 DM-RS
	-0,4
	NA
	NA
	NA
	16QAM
RV-02
FH

	Qualcomm
(R1-1903006)
	TDL-A
30ns
1TX
	12PRB
80bytes
	1 rep
8 OS incl. 2 DMRS
	0,9
	NA
	NA
	NA
	QPSK

	
	
	
	2 rep
4 OS incl. 1 DM-RS
	2,6
	NA
	NA
	NA
	16QAM
RV-00
FH

	
	
	
	2 rep
4 OS incl. 1 DM-RS
	1,4
	NA
	NA
	NA
	16QAM
RV-02
FH

	Qualcomm
(R1-1903006)
	TDL-C
300ns
1TX
	12PRB
70bytes
	1 rep
8 OS incl. 2 DMRS
	-1,7
	-1
	NA
	NA
	QPSK

	
	
	
	2 rep
4 OS incl. 1 DM-RS
	-0,7
	NA
	NA
	NA
	QPSK
RV-00
FH

	
	
	
	2 rep
4 OS incl. 1 DM-RS
	-1,6
	NA
	NA
	NA
	QPSK
RV-02
FH

	Qualcomm
(R1-1903006)
	TDL-A
30ns
1TX
	12PRB
70bytes
	1 rep
8 OS incl. 2 DMRS
	-0,4
	NA
	NA
	NA
	QPSK

	
	
	
	2 rep
4 OS incl. 1 DM-RS
	0,7
	NA
	NA
	NA
	QPSK
RV-00
FH

	
	
	
	2 rep
4 OS incl. 1 DM-RS
	-0,2
	NA
	NA
	NA
	QPSK
RV-02
FH

	NTT DOCOMO
R1-1900971
	TDL-C
100ns
2TX
	36PRB
32byte
	1 rep
8 OS incl. 2 DM-RS
	-7,7
	-6,5
	-5,5
	-4,7
	

	
	
	
	2 rep
4 OS incl. 1 DM-RS
	-8,2
	-7,3
	-6,5
	-6
	RV-02
With precoder/QCL (or SRI)-cycling across  repetitions

	NTT DOCOMO
R1-1900971
	TDL-C
100ns
2TX
	8PRB
32byte
	1 rep
8 OS incl. 2 DM-RS
	-0,3
	1,5
	3,1
	4,1
	

	
	
	
	2 rep
4 OS incl. 1 DM-RS
	-1,9
	-0,7
	0,4
	NA
	RV-02
With precoder/QCL (or SRI)-cycling across  repetitions

	Nokia
(R1-1901915)
	TDL-C
100ns
1TX
	3PRBs
36byte
	1 rep
12 OS incl. 2 DM-RS
	6
	NA
	NA
	NA
	

	
	
	
	2 rep
6 OS incl. 1 DM-RS
	3,2
	4,6
	6,1
	NA
	FH (2 hops)
RV-02

	
	
	
	4 rep
3 OS incl. 1 DM-RS
	3,1
	4,3
	5,2
	NA
	FH (4 hops)
RV-0231

	Nokia
(R1-1901915)
	TDL-C
100ns
1TX
	8PRBs
36byte
	1 rep
12 OS incl. 2 DM-RS
	-1,5
	0,1
	1,3
	NA
	

	
	
	
	2 rep
6 OS incl. 1 DM-RS
	-3,8
	-2,5
	-1,5
	NA
	FH (2 hops)
RV-02

	
	
	
	4 rep
3 OS incl. 1 DM-RS
	-4,5
	-3,6
	-2,8
	NA
	FH (4 hops)
RV-0231

	Nokia
(R1-1901915)
	TDL-C
100ns
1TX
	46PRBs
36byte
	1 rep
12 OS incl. 2 DM-RS
	-10,5
	-9,3
	-8,2
	NA
	

	
	
	
	2 rep
6 OS incl. 1 DM-RS
	-12,8
	-12
	-11,2
	NA
	FH (2 hops)
RV-02

	
	
	
	4 rep
3 OS incl. 1 DM-RS
	-12
	-11,2
	-10,3
	NA
	FH (2 hops)
RV-0231

	Intel
(R1-1902495)
	TDL-A
30ns
1TX
	16PRB
63bytes
	1 rep
12 OS incl. 2 DM-RS
	-1.99
	-0.41
	N/A
	N/A
	No FH

	
	
	
	1 rep
12 OS incl. 2 DM-RS
	-2.6
	-1.25
	-0.33
	N/A
	With FH

	
	
	
	2 rep
6 OS incl. 1 DM-RS
	-0.94
	0.5
	N/A
	N/A
	No FH
RV-02

	
	
	
	
	-2.35
	-1.05
	N/A
	N/A
	With FH
RV-02

	
	
	
	2 rep
8 OS + 4OS
1 DM-RS each
	-0.98
	0.68
	1.9
	N/A
	No FH
RV-02

	
	
	
	
	-1.61
	-0.27
	0.66
	N/A
	With FH
RV-02

	
	
	
	2 rep
4 OS + 8 OS
1 DM-RS each
	-0.73
	1.1
	N/A
	N/A
	No FH
RV-02

	
	
	
	
	-1.54
	-0.27
	0.66
	N/A
	With FH
RV-02

	
	
	
	3 rep
4 OS incl. 1 DMRS
	-0.74
	0.7
	N/A
	N/A
	No FH
RV-023

	
	
	
	
	-2.65
	N/A
	N/A
	N/A
	With FH
RV-023

	
	
	
	4 rep
3 OS incl. 1 DMRS
	0.38
	0.9
	2.6
	N/A
	No FH
RV-0231

	
	
	
	
	-1.51
	-0.275
	N/A
	N/A
	With FH
RV-0231

	Intel
(R1-1902495)
	TDL-C
300ns
1TX
	16PRB
63bytes
	1 rep
12 OS incl. 2 DM-RS
	-4.65
	-3.56
	N/A
	N/A
	No FH

	
	
	
	1 rep
12 OS incl. 2 DM-RS
	-4.66
	-3.8
	-3.23
	N/A
	With FH

	
	
	
	2 rep
6 OS incl. 1 DM-RS
	-3.52
	-2.27
	N/A
	N/A
	No FH
RV-02

	
	
	
	
	-4.32
	-3.47
	N/A
	N/A
	With FH
RV-02

	
	
	
	2 rep
8 OS + 4 OS
1 DM-RS each
	-3.6
	-2.45
	N/A
	N/A
	No FH
RV-02

	
	
	
	
	-3.89
	-3.03
	N/A
	N/A
	With FH
RV-02

	
	
	
	2 rep
4 OS + 8 OS
1 DM-RS each
	-3.25
	-2
	N/A
	N/A
	No FH
RV-02

	
	
	
	
	-3.82
	-2.93
	-2.25
	N/A
	With FH
RV-02

	
	
	
	3 rep
4 OS incl. 1 DMRS
	-3.6
	N/A
	N/A
	N/A
	No FH
RV-023

	
	
	
	
	-4.38
	-3.37
	N/A
	N/A
	With FH
RV-023

	
	
	
	4 rep
3 OS incl. 1 DMRS
	-2.1
	-1.13
	N/A
	N/A
	No FH
RV-0231

	
	
	
	
	-3.1
	-2.33
	N/A
	N/A
	With FH
RV-0231

	Intel
(R1-1902495)
	TDL-A
30ns
1TX
	16PRB
261bytes
	1 rep
12 OS incl. 2 DM-RS
	4.45
	6.05
	N/A
	N/A
	No FH

	
	
	
	1 rep
12 OS incl. 2 DM-RS
	4.03
	5.24
	N/A
	N/A
	With FH

	
	
	
	2 rep
6 OS incl. 1 DM-RS
	5.25
	6.91
	N/A
	N/A
	No FH
RV-02

	
	
	
	
	4.31
	5.47
	N/A
	N/A
	With FH
RV-02

	
	
	
	2 rep
8 OS + 4 OS
1 DM-RS each
	4.4
	6
	N/A
	N/A
	No FH
RV-02

	
	
	
	
	4.11
	5.28
	N/A
	N/A
	With FH
RV-02

	
	
	
	2 rep
4 OS + 8 OS
1 DM-RS each
	6.57
	8.23
	N/A
	N/A
	No FH
RV-02

	
	
	
	
	5.82
	6.88
	N/A
	N/A
	With FH
RV-02

	
	
	
	3 rep
4 OS incl. 1 DMRS
	7.47
	9.1
	N/A
	N/A
	No FH
RV-023

	
	
	
	
	5.74
	6.84
	N/A
	N/A
	With FH
RV-023

	
	
	
	4 rep
3 OS incl. 1 DMRS
	8.45
	9.85
	N/A
	N/A
	No FH
RV-0231

	
	
	
	
	6.75
	7.83
	N/A
	N/A
	With FH
RV-0231

	Intel
(R1-1902495)
	TDL-A
30ns
1TX
	16PRB
261bytes
	1 rep
12 OS incl. 2 DM-RS
	2.04
	2.93
	N/A
	N/A
	No FH

	
	
	
	1 rep
12 OS incl. 2 DM-RS
	2.02
	2.72
	N/A
	N/A
	With FH

	
	
	
	2 rep
6 OS incl. 1 DM-RS
	2.65
	3.65
	N/A
	N/A
	No FH
RV-02

	
	
	
	
	2.23
	2.97
	N/A
	N/A
	With FH
RV-02

	
	
	
	2 rep
8 OS + 4 OS
1 DM-RS each
	2.1
	3.06
	N/A
	N/A
	No FH
RV-02

	
	
	
	
	1.68
	2.62
	N/A
	N/A
	With FH
RV-02

	
	
	
	2 rep
4 OS + 8 OS
1 DM-RS each
	3.73
	4.77
	N/A
	N/A
	No FH
RV-02

	
	
	
	
	3.26
	4.2
	N/A
	N/A
	With FH
RV-02

	
	
	
	3 rep
4 OS incl. 1 DMRS
	4.54
	5.53
	N/A
	N/A
	No FH
RV-023

	
	
	
	
	4
	4.65
	N/A
	N/A
	With FH
RV-023

	
	
	
	4 rep
3 OS incl. 1 DMRS
	5.83
	6.8
	N/A
	N/A
	No FH
RV-0231

	
	
	
	
	5.02
	5.98
	N/A
	N/A
	With FH
RV-0231




In addition, one source provided evalution results for 30GHz deployment scenario, 80MHz bandwidth with 120kHz SCS, CP-OFDM and 2x2 antenna setup in Table 2. 
Table 2: Link level evaluation results on mini-slot based repetition versus multi-segment transmission for 30GHz deployment scenario
	Source
	Channel
	FDM-RA / TBS
	PUSCH scheme
	SNR
1-e3
	SNR
1e-4
	SNR
1-e5
	SNR
1-e6
	Other comments

	NTT DOCOMO
(R1-1900971)
	CDL-A
20ns
	36 PRB 32byte
	1 rep. 
8 OS incl. 2 DM-RS
	-7,6
	-5,5
	-3,8
	NA
	Without blockage

	
	
	
	
	2,4
	8
	14
	NA
	With blockage

	
	
	
	2 rep
4 OS incl. 1 DM-RS 
	-9,8
	-8,2
	-6,9
	NA
	Without blockage
With precoder/QCL (or SRI)-cycling across repetitions
RV-02

	
	
	
	
	-4,5
	-1,5
	0,9
	NA
	With blockage
With precoder/QCL (or SRI)-cycling across repetitions
RV-02

	NTT DOCOMO
(R1-1900971)
	CDL-A
20ns
	8 PRB 32byte
	1 rep. 
8 OS incl. 2 DM-RS
	2,6
	6
	10
	NA
	Without blockage

	
	
	
	
	9,9
	15,7
	NA
	NA
	With blockage

	
	
	
	2 rep
4 OS incl. 1 DM-RS 
	-0,9
	1,5
	4
	NA
	Without blockage
With precoder/QCL (or SRI)-cycling across repetitions
RV-02

	
	
	
	
	3,6
	8
	14
	NA
	With blockage
With precoder/QCL (or SRI)-cycling across repetitions
RV-02





4	Summary of Offline Discussion 
During Friday offline discussion, option 4, 5 and 6 are further refined as follows:

Option 4: 
One or more actual PUSCH repetitions in one slot, or two or more actual PUSCH repetitions across slot boundary in consecutive available slots, is supported using one UL grant for dynamic PUSCH, and one configured grant configuration for configured grant PUSCH.
· The number of the repetitions signaled by gNB represents the “nominal” number of repetitions. The actual number of repetitions can be larger than the nominal number.
· FFS dynamically or semi-statically signalled for dynamic PUSCH and type 2 configured grant PUSCH
· The time domain resource assignment (TDRA) field in the DCI or the TDRA parameter in the type 1 configured grant indicates the resource for the first “nominal” repetition. 
· The time domain resources for the remaining repetitions are derived based at least on the resources for the first repetition and the UL/DL direction of the symbols.
· FFS the detailed interaction with the procedure of UL/DL direction determination
· If a “nominal” repetition goes across the slot boundary or DL/UL switching point, this “nominal” repetition is splitted into multiple PUSCH repetitions, with one PUSCH repetition in each UL period in a slot.
· Handling of the repetitions under some conditions, e.g., when the duration is too small due to splitting, is to be further investigated in the WI phase.
· No DMRS sharing across multiple PUSCH repetitions
· The maximum TBS size is not increased compared to Rel-15.
· FFS: L > 14
· S+L can be larger than 14
· FFS: The bitwidth for TDRA is up to 4 bits.
· Note: different repetitions may have the same or different RV.
4 symbols, 4 repetitions
Slot boundary
4 symbols, 2 repetitions
Slot boundary
14 symbols, 1 repetition
Slot boundary
Note: this case requires S+L>14.


Option 5:
One or more actual PUSCH repetitions in one slot, or two or more actual PUSCH repetitions across slot boundary in consecutive available slots, is supported using one UL grant for dynamic PUSCH, and one configured grant configuration for configured grant PUSCH.
· The number of the repetitions signalled by gNB represents the “nominal” number of repetitions. The actual number of repetitions can be larger or smaller than the nominal number.
· FFS dynamically or semi-statically signalled for dynamic PUSCH and type 2 configured grant PUSCH
· The time domain resource assignment (TDRA) and the number of repetitions K are used to determined the overall resources for all the repetitions (L*K). 
· If the overall resources go across the slot boundary or DL/UL switching point, one repetition is transmitted in each UL period in a slot. 
· Otherwise, the nominal number of repetitions are transmitted, each repetition with the transmission duration indicated in the TDRA.
· The TDRA is indicated in the DCI for dynamic grant or type 2 configured grant, or RRC configured for type 1 configured grant.
· No DMRS sharing across multiple PUSCH repetitions
· No special handling of orphan symbols
· The maximum TBS size is not increased compared to Rel-15.
· L <= 14
· S+L can be larger than 14
· Note: different repetitions may have the same or different RV.
L=4, K=4
Slot boundary
L=4, K=2


Option 6:
One or more PUSCH repetitions in one slot, or two or more PUSCH repetitions across slot boundary in consecutive available slots, is supported using one UL grant for dynamic PUSCH, and one configured grant configuration for configured grant PUSCH
· The time domain resource assignment (TDRA) field in the DCI or the TDRA parameter in the type 1 configured grant indicates an entry in the higher layer configured table
· The nnumber of repetitions, starting symbols of each repetition, length of each repetition, and mapping of the repetitions to slots can be obtained from each entry in the table.
· More than one repetition can be mapped to one slot
· The resource assignment for each repetition is contained within one slot. Each transmitted repetition is contained within one UL period in a slot.
· FFS: increasing the number of bits for TDRA field in DCI 
· FFS other details
· The maximum TBS size is not increased compared to Rel-15.

Notes on option 6 family:
· Proponents of option 6 raised the issue of protecting short PUCCH and SRS, e.g. how to allow the PUSCH to skip the last one or two symbols in a slot to avoid conflict with PUCCH/SRS.
· One advantage of option 6 is that for dynamic PUSCH, UE does not need to rely on at least UL/DL configuration (including dynamic indication) and PUCCH/SRS presence to decide on start/length of a repetition. 
· The issue of interaction with UL/DL configuration may still need to be handled for configured grant PUSCH, which is common for option 4-6.
· Concerns raised regarding option 6:
· Does it require a lot of TDRA entries depending on the number of repetitions, the starting symbol, TDD slot structure?
· For configured grant type 2, does it require different TDRA tables or more entries in the TDRA table for different starting symbols in the TDRA field in activation DCI? 

Option 4-1:
Support: HW/HiSi, Nokia/NSB, Sony, vivo, Spreadtrum, DOCOMO, CMCC, Samsung, Sharp, Sequans
Option 5-1:
Support: MTK, Sony, Ericsson
Option 6-1:
Support: Panasonic, LGE, ZTE, Intel, DOCOMO, Ericsson, MTK, ETRI

Proposal:
Capture the simulation results in Section 3 in the TR.

Proposal:
Capture the descriptions of option 1 to 6 in the TR.

Proposal:
Down-select between option 4-1 and option 6-1.
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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


RAN1 AH#1901
Agreements:
At least for scheduled PUSCH, for the option “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 based repetitions”), if supported, it further consists of:
· Time domain resource determination
· The time domain resource assignment field in the DCI indicates the resource for the first repetition.
· The time domain resources for the remaining repetitions are derived based at least on the resources for the first repetition and the UL/DL direction of the symbols.
· FFS the detailed interaction with the procedure of UL/DL direction determination
· Each repetition occupies contiguous symbols.
· FFS whether/how to handle “orphan” symbols (the # of UL symbols is not sufficient to carry one full repetition)
· Frequency hopping (at least 2 hops)
· Support at least inter-PUSCH-repetition hopping and inter-slot hopping
· FFS other FH schemes
· FFS number of hops larger than 2
· FFS dynamic indication of the number of repetitions
· FFS DMRS sharing
· FFS TBS determination (e.g. based on the whole duration, or based on the first repetition)
Agreements:
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 “twomulti-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)

Agreements:
· Down-select between “mini-slot based repetitions” and “two-segment transmission”, aiming in RAN1#96
· FFS the option of using separate grants to schedule PUSCH repetitions in consecutive available slots

Agreements:
Companies are encouraged to provide more details in RAN1#96 at least for the following for potential enhancements of PUSCH:
· 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.


Appendix B: Proposals from contributions
[2]	R1-1901559	PUSCH enhancements for URLLC	Huawei, HiSilicon
	Observation 1: Mini-slot repetition has significantly shorter average latency than the one shot PUSCH due to shorter waiting time to process the PUSCH, especially under high SNR region, using the same amount of time-frequency resources and DMRS overhead for the TBS. Moreover, mini-slot repetition has lower UCI delay, lower latency in TDD with multi-UL parts and lower latency due to early termination.
Observation 2: The mini-slot based repetition using multiple TRPs outperforms one shot PUSCH due to spatial diversity. Moreover, it is robust to partial random interference and DMRS miss-detection/false alarm. 
[image: ]
[bookmark: _Ref861923]Figure 4 Reliability performances for one shot long PUSCH and mini-slot repetitions using 2 TRPs
[image: ] 
[bookmark: _Ref817397]Figure 6: The effect of partial interference on the performance of long PUSCH and mini-slot PUSCH repetition within a slot  
	[image: ]


[bookmark: _Ref967122]Figure 7 BLER performance comparison between mini-slot repetitions from single TRP and one long PUSCH

Observation 3: The mini-slot based repetition with DMRS sharing can have the same DMRS overhead as the multi-segment transmission. 
Observation 4: Multi-segment transmission requires specification effort in terms of time domain resource allocation and TBS determination, while mini-slot based repetition within one slot does not require such effort. 
Proposal 1: Rel-16 URLLC supports 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 should be supported in Rel-16 URLLC
· At least contiguous repetition patterns
· DMRS sharing for contiguous mini-slot repetitions within one slot 
· Indication of repetition types, i.e. slot-based repetition and/or mini-slot based repetition, using semi-static signaling 
· repetition types applicable for different resource mapping types, e.g. A and B, should be considered  
· A PUSCH repetition 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: An explicit ACK feedback from the network to UE for early termination of PUSCH repetition should be supported for Rel-16 URLLC. 
· Both UE-specific DCI and group common DCI should be supported to carry the explicit ACK feedback 



[3]	R1-1901595	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 with 1 repetition even 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.
[image: ]
Figure 6: Performance degradation when improper modulation order is used in mini-slot repetitions.
Observation 4	Segmenting into more segments than necessary leads to shorter consecutive reads from the circular buffer and suboptimal selection of coded bits from the circular buffer.
[image: ]
[bookmark: _Ref1169556][bookmark: _Ref1169549]Figure 9: Performance comparison between mini-slot repetition and two segment PUSCH.

Observation 5	Multi-segment PUSCH results in more than one segment only if needed due to slot boundary or TDD UL/DL switching points.
Observation 6	For multi-segment PUSCH it is always possible to choose the signaled RV for the initial transmission so that the longest segment uses RV=0, even if the longest segment is not the first.
Observation 7	By minimizing the number of segments, multi-segment PUSCH tends to perform better than mini-slot repetition.
Proposal 1	Adopt multi-segment PUSCH, where one TB is carried by multiple PUSCH transmissions in consecutive available slots with one segment per UL period.
Proposal 2	Signalling of the TB transmission cross slot boundary is realized by existing time-domain resource allocation mechanism of DCI using a single SLIV, with the start symbol (S) and allocation length (L), where S+L is allowed to be larger than 14.
Proposal 3	For multi-segment PUSCH and for mini-slot repetitions, TBS determination is based on the total amount of allocated resources when determining N’RE.




[4]	R1-1901694	PUSCH enhancements for URLLC	vivo
	Observations 1: For PUSCH with two-symbol mini-slot repetition
· Frequency hopping gain may not be observed if the resource allocation of PUSCH occupies 10MHz or larger;
· Frequency hopping gain can be observed for PUSCH with small resource allocation.
· DM-RS sharing outperforms frequency hopping
[image: ]

[image: ]
[image: ]
Figure 7. BLER curves for different cases 

Proposal 1: Option 1 is preferred, i.e. 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: Postponement of the repetition transmission instance should be allowed within a predefined time window, due to conflict transmission direction.
Proposal 3: TBS determination based on the first repetition are preferred.
Proposal 4: Option 3 is supported as an out of order scheduling. 
· 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.
Proposal 5: If DMRS sharing for non-slot PUSCH repetitions is supported, the following should be taken into 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 6: Study PUSCH repetitions transmissions with non-contiguous frequency allocation in Rel-16
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: DM-RS sharing and frequency hopping should be considered for eURLLC.
Proposal 9: UL cancelation indication mechanism could be used for early termination of PUSCH repetitions.



[5]	R1-1901769	Grant-based PUSCH enhancements for URLLC	ZTE
	Proposal 1: For grant-based PUSCH enhancement, mini-slot based repetitions is supported. 
Proposal 2: For grant-based PUSCH repetitions, the time domain resources for the remaining repetitions are derived based at least on the resources for the first repetition and the following procedures of UL/DL direction determination: 
- Grant based PUSCH can be transmitted on flexible symbols configured by RRC slot configuration:
- Transmission direction indicated by SFI is not expect to be contradict with the grant based PUSCH:
- Grant based PUSCH can be transmitted on flexible symbols indicated by SFI.
- If the repetitions cross slot boundary, the UE does not transmit the PUSCH in a slot if at least one symbol from a set of symbols where the UE is scheduled PUSCH transmission in the slot is a downlink symbol. The omitted repetition is not counted in the total number of repetitions. 
Proposal 3: For grant-based PUSCH repetitions, the UE does not transmit PUSCH on the orphan symbols and the skipped repetition with orphan symbols is not counted in the total number of repetitions. 
Proposal 4: For grant-based PUSCH repetitions, inter-PUSCH-repetition hopping and inter-slot hopping cannot be enabled simultaneously. 
Proposal 5: DMRS sharing should be considered for both grant-based and grant-free PUSCH mini-slot based repetitions.
Proposal 6: TBS determination based on the first repetition should be supported for both grant-based and grant-free PUSCH mini-slot based repetitions.
Proposal 7: For grant-free PUSCH repetitions, the time domain resources for the remaining repetitions are derived based at least on the resources for the first repetition and the following procedure of UL/DL direction determination: 
- Grant free PUSCH can be transmitted on uplink or flexible symbols configured by RRC slot configuration.
Proposal 8: For grant-free PUSCH repetitions, 
- FFS the UE behavior on the orphan symbols
- if a repetition with orphan symbols is skipped, it is not counted in the total number of repetitions. 
Proposal 9: For the inter-repetition frequency hopping, the hopping pattern design can be based on the repetition number and the configured RV sequence: 
· For RV sequence {0, 0, 0, 0}, hopping boundary can occur at each repetition.
· For RV sequence {0, 2, 3, 1}, the first hop is floor (K/2), the second hop is ceil (K/2), where K is the repetition number.   
· For RV sequence {0, 3, 0, 3}, the first hopping boundary occurs between the first TO with RV0 and the first TO with RV3, the second hopping boundary occurs between the second TO with RV0 and the second TO with RV3.
Proposal 10: 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. 
· Note, the repetition could be a full repetition or a repetition could be transmitted on orphan symbols if supported. 



[6]	R1-1901824	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]	R1-1901911	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 



[8]	R1-1901915	On PUSCH enhancements for NR URLLC	Nokia, Nokia Shanghai Bell
	Observation 2-1: The optimal number of frequency hops (and related number of segments / repetitions)  depends 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 based repetition with K>2 (and K DM-RS symbols).
· For narrowband allocations, the mini-slot based repetition with K>2 outperforms the 2 segment transmission due to the additional diversity. 
[image: ]
Figure 3: BLER performance of performance of different PUSCH modes 
with varying number of repetitions and frequency hops

Observation 2-2: 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 multi-segment transmission. 
Proposal 2-1: Support scheduled and configured grant PUSCH transmission through mini-slot based repetition or multi-segment transmission across UL periods for TDD. Detailed usage of flexible symbols and SFI are FFS. 
Observation 2-3: In case of SFI decoding failure, the gNB and UE have a different assumption on the usable UL symbols for PUSCH transmission 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 2-4: The identified issue of imperfect modulation selection and scheduling restrictions in case the TBS determination by the mini-slot length L (for mini-slot based repetition) or the first PUSCH transmission segment (for multi-segment transmission) and the related solution to overcome this issue is equally applicable to both candidate techniques enabling cross-slot PUSCH transmission. 
Observation 2-5: Scheduled mini-slot based repetition should support dynamic repetition factor indication whereas for multi-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 2-6: Based on our analysis, both mini-slot based repetition and multi-segment operation are feasible solutions to provide cross-slot boundary PUSCH operation, with each having its own pros and cons. 
Proposal 2-2: Support multi-segment transmission 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 3-1: 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



[9]	R1-1902004	On PUSCH enhancements for URLLC	CATT
	•	Observation: regarding frequency diversity gain obtained by frequency hopping there is no notable advantage of the mini-slot repetition scheme over the multi-segment scheme.
•	Observation: precoder cycling potentially provides spatial diversity gain with additional frequency hops for a configured UL grant.
•	Observation: proper scheduling by DCI or RRC configuration can avoid creating orphan symbols at the end of a slot without increasing the overall transmission latency.
•	Observation: for the mini-slot repetition scheme transmission of a shorter PUSCH repetition as a means to avoid orphan symbols incurs additional specification. On the other hand extension of a PUSCH repetition to avoid orphan symbols is quite similar in concept to the multi-segment scheme. 
•	Observation: the multi-segment scheme natively supports a variable number of repetitions based on the SLIV whereas an explicit indication in the scheduling DCI would be required if dynamic indication of number of repetitions is to be supported for the mini-slot repetition scheme.
•	Observation: the Rel-15 UL power control framework provides the necessary tools to support different power control loops for URLLC and non-URLLC PUSCH. 
The following proposals are also provided
Proposal 1: no special handling of orphan symbols is introduced for the mini-slot repetition scheme.
Proposal 2: the necessity of a new TBS determination scheme based on the total transmission duration over all PUSCH repetitions can be discussed in a WI phase.
Proposal 3: if one or more symbols in a configured UL grant occasion are determined to be DL by a received DCI, the PUSCH repetition is dropped.
Proposal 4: a UE is indicated whether to perform the mini-slot repetition scheme or the multi-segment repetition scheme based on the SLIV value contained in a scheduling DCI or provided in a Type 1 configured UL grant configuration.



[10]	R1-1902047	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 “mini-slot based repetition” for both grant-free and grant-based and 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

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: To determine time-domain resource allocation for grant-based PUSCH, UE can assume that a part of resource allocation in a DCI is available for UL transmission:
· For mini-slot based repetition, the resource for initial repetition should be available for UL
· For multi-segment transmission, first X symbol in resource allocation should be available for UL
· FFS: how to determine X 

Proposal 4: If PUSCH allocations for a TB span UL-DL switching point, following can be considered:
· Option 1: UE assume that X symbols after the preceding DL symbol are invalid for UL
· Option 2: UE assume that X symbols before beginning of given PUSCH are invalid for DL
· X can be derived at least from timing advance of the UE. 
· FFS: additional parameter to determine X

Proposal 5: For TBS determination, it is necessary to consider shortened transmission duration. 
· For mini-slot based repetition, TBS determined by the resource of the one repetition
· For multi-segment transmission, one repetition should be sufficient to convey X coded bits
· FFS: size of X (e.g., TBS or TBS*(certain target code rate)-1 )

Proposal 6: For TBS determination, TBS should be determined without regarding of actual transmission duration at least for configured grant.

Proposal 7: 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 8: Power limited case should allow highest priority to URLLC traffic potentially including dropping other overlapping UL transmissions. 

Proposal 9: For UL transmission with dynamic grant, the number of repetitions can be indicated by a L1 signalling


[11]	R1-1902178	Considerations on PUSCH enhancements for URLLC	Sony
	Observation 1: Orphan symbol(s) can be eliminated via gNB scheduler by ensuring that the start of the PUSCH repetitions do not lead to any orphan symbols, e.g. by delaying the start of the 1st PUSCH repetition.
Observation 2:  Delaying the start of a PUSCH repetition to avoid orphan symbols does NOT introduce any latency to the overall PUSCH repetitions, i.e. the end time of the last PUSCH repetition is not affected.
Observation 3: Using a fixed DMRS pattern to reduce DMRS overhead can potentially lead to an isolated series of repetition samples without any DMRS when the repetitions are interrupted.
Observation 4: Using a dynamic DMRS pattern to reduce DMRS overhead may require UCI to be transmitted or defining a set of rules to manage the DMRS pattern, which introduces complexity to the UE and has high specs impact.
Observation 5: Unlike mini-slot PUSCH repetition, Multi-Segment PUSCH transmission does not suffer from orphan symbols and high DMRS overhead.
We therefore propose the following:
Proposal 1: If mini-slot repetition is adopted, 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: If mini-slot PUSCH repetition is used, the number of PUSCH mini-slot repetitions for Rel-16 eURLLC transmission is indicated in the UL grant.
Proposal 3: The TBS is based on the total resource of all the PUSCH repetitions and TTI bundling, where each PUSCH repetition has a different RV, is used.
Proposal 4: In Multi-Segment PUSCH transmission, each segment contains at least a front loaded DMRS.
Proposal 5: Segmentation of PUSCH transmission is implicitly indicated by the DCI, when the starting symbol and duration of the PUSCH leads to the PUSCH being interrupted.
Proposal 6: The TBS for a Multi-Segment PUSCH is based on total resources of all the PUSCH segments.  Each segment can have a different RV of the same TB.
Proposal 7: The methods in using mini-slot repetitions and Multi-Segment PUSCH are described in TR38.824.



[12]	R1-1902298	Potential enhancements for PUSCH for URLLC	Samsung
	For mini-slot repetition, we propose:
Proposal #1: For mini-slot repetition, 
· The time domain resources for the remaining repetitions shall transmit from the first symbol for UL transmission right after previous repetition
· Rate matching is used for the repetition on “orphan” symbols 
· FFS when there is only one “orphan” symbol
· S+L >14 is allowed and the calculate of SLIV is SLIV =14*(L-1) +S
· Repetition k is dynamic indicated in DCI
Proposal #2: For mini-slot repetition, use the same method as NR Rel-15 for TBS determination.
Proposal #3: Not support DMRS sharing.
Proposal #4: Not support other frequency hopping schemes. Not support more than 2 hops.
For multi-segment transmission, we propose:
Proposal #5: For multi-segment transmission, 
· The number of symbols 1 ≤ L<a*14, where a>1,  FFS on the value a
· SLIV is calculated as SLIV =14*(L-1) +S
· Repetitions are transmitted back-to-back
· Not support more than one UL period is used for the transmission in one slot
· No explicit signaling to configure repetition number k
· Not transmit on the UL period if there is only one symbol for UL transmission
Proposal #6: Further study the TBS determination for multi-segment transmission, FFS:
· Use whole number of symbols L and adjust code rate of MCS table
· Use reference number of symbols L’ ≤14, FFS on how to determinate the reference number of symbols
· Other solutions are not precluded.
Based on the comparison of two solutions, we proposed:
Proposal #7: Mini-slot repetition is supported with above proposals #1~#4. 



[13]	R1-1902418	PUSCH enhancement for URLLC	OPPO
	Proposal 1: Time domain resource, TBS determination, frequency hopping and DRMS sharing should be enhanced for one grant to schedule PUSCH repetition.
Observation 1: PDCCH overhead hardly increase for scheme 3(N (N>=2) UL grants scheduling N PUSCH repetitions).
Proposal 2: Separate grant scheduling PUSCH repetitions is supported due to flexible schedule, little specification work and small PDCCH overhead increase.






[14]	R1-1902443	Potential enhancements to PUSCH	ETRI
	Proposal 1: For multi-segment transmission, the UL grant can indicate more than one SLIVs and each SLIV determines the start symbol and the duration of each PUSCH repetition.
Proposal 2: To differentiate the repetition over multiple slots and the repetition within a slot, the RRC parameter ‘aggregation factor’ indicates the number of slots where the PUSCH repetitions are mapped.
Proposal 3: For multi-segment transmission, the number of REs averaged over repetitions are used to derive the TBS.
Proposal 4: Intra-slot frequency hopping is supported for multi-segment PUSCH transmission.
Proposal 5: One of intermediate FL symbols can be used for the first PUSCH symbol in the next available slot.
Proposal 6: Orphan symbols is used as one PUSCH instance if it is not the first instance.
Proposal 7: The Rel-15 frequency hopping of PUSCH repetition can be the baseline.
Proposal 8: The time domain resource allocation table for PUSCH is extended and DCI indicates one.
Proposal 9: TB size issue is discussed with orphan symbols, overhead assumptions, and UCI multiplexing.
Observation 1: It is beneficial to allow UL grant before DL assignment in Rel-16 eURLLC study.
Observation 2: The UCI multiplexing/dropping rule is related to intra-UE UL multiplexing.
Proposal 8: Further study how to deal with UCI multiplex/dropping in the PUSCH enhancement study.



[15]	R1-1902447	On PUSCH enhancements for NR URLLC	Panasonic
	Observation 1: In order for option 2 to work in multiple scenarios for PUSCH repetition, it is not valid that more than one repetition is not allowed within the slot.
Observation 2: For option 2, the benefit in terms of latency is only in particular case when the initial transmission (first repetition) is at the end of slot and the next repetition (repetition 2) could begin at the beginning of next available slot. 
· However, there is no benefit in terms of latency between subsequent repetitions as the next repetition can only be transmitted in the subsequent slot.
Observation 3: For option 1, better latency is obtained in comparison to option 2 for the overall transmission of all repetitions even when some repetition(s) are in a different slot. 
Observation 4: For option 1, it would be possible to allow hopping between repetitions within the slot in terms or beam/TRP/panel in addition to frequency hopping. 
Observation 5: Option 1 can provide all the benefits provided by option 2 by allowing segmentation at the slot boundary for orphan symbols
Observation 6: Based on the details of option 1 and option 2, the specification effort is similar for both options.
Observation 7: For PUSCH repetition, TBS determination based on each repetition is needed for low coding rate and TBS determination for more than one repetition is needed for supporting relatively higher coding rate.
Observation 8: PUSCH transmission with DMRS in every repetition can lead to very high DMRS overhead in scenarios where the length of PUSCH is quite short.
Observation 9: 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 10: 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.
Proposal 1: For PUSCH repetition enhancements in NR eURLLC Rel. 16, option 1 i.e. to allow more than one repetition within a slot and/or between multiple slots should be supported.
· To allow segmentation at the slot boundary in case of orphan symbol(s)
Proposal 2:  For PUSCH repetition enhancements in NR eURLLC Rel. 16, time domain resource assignment should be enhanced to support flexible allocation for both repetition within the slot as well as between different slots, while not significantly increasing the DCI overhead
Proposal 3: For PUSCH repetition enhancements in NR eURLLC Rel. 16, RRC configuration for PUSCH time domain allocation should be enhanced to indicate the time domain resource assignment for PUSCH repetitions.
Proposal 4: For repetition within the slot for PUSCH enhancements in NR eURLLC in Rel. 16, two TBS determination method should be supported:
· TBS determination based on each repetition
· TBS determination based on more than one repetition (for example, two segments) 
Proposal 5: For repetition within the slot for PUSCH enhancements in NR eURLLC in Rel. 16, DMRS sharing between repetitions should be supported.
Proposal 6: For repetition within the slot for PUSCH enhancements in NR eURLLC in Rel. 16, if both DMRS sharing and same length repetition are supported, then the repetitions without the DMRS should use that additional symbol for same TB transmission with possibly lower coding rate relative to other repetitions.
Proposal 7: For repetition within the slot for PUSCH enhancements in NR eURLLC in Rel. 16, frequency hopping between repetitions should be supported.



[16]	R1-1902495	On enhancements to PUSCH for eURLLC	Intel Corporation
	Observation 1:
· One or two repetitions outperform larger number of repetitions (under fixed total duration) in most of the cases. 
· Even in case of unequal split on two parts, two-segment transmission outperforms other scenarios of more than two shorter repetitions.
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	Figure 2. BLER vs SNR, TBS 504.
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Proposal 1:
· Support multi-segment PUSCH transmission
· Each segment is configured by a separate SLIV in the higher layer-configured table that can be indicated using the TDRA bit-field in the DCI.
· Whether the segments are mapped to different slots or to the same slot can be realized with appropriate configuration of SLIV(s) in the higher layer-configured table that can be indicated using the TDRA bit-field in the DCI.



[17]	R1-1902546	DMRS Overhead Reduction for Intra Slot Repetitions	TCL Communication Ltd.
	Observation 1:  For intra-slot repetitions, DMRS sharing may result in the problems of mismatch of resource size between the mini-slots and outdated channel estimates.
Proposal 1: To overcome the DMRS overhead for intra-slot PUSCH repetitions, it is recommended to investigate a DMRS design which is sub-sampled version of Rel-15 DMRS design.
Proposal 2: Consider applying the higher later parameter dmrs-AdditionalPosition to the aggregated mini-slots within a slot. 



[18]	R1-1902608	On Potential PUSCH enhancements for URLLC 	InterDigital, Inc.
	 Proposal 1: NR Rel-16 should support mini-slot based repetitions within a slot.
Proposal 2: In case of mini-slot based repetition for PUSCH in NR Rel-16, a PUSCH repetition is skipped if there are not enough associated UL symbols. 
Proposal 3: In case of multi-segment transmission for PUSCH in NR Rel-16, at least one of the following options should be supported:
· Multiple mappings from SLIV to the starting symbol
· Multiple SLIVs associated with a multi-segment transmission of PUSCH 



[19]	R1-1902664	Views on potential enhancements to PUSCH for eURLLC	Sharp
	Observation 1:
· To simplify the time domain resource derivation for remaining mini-slot repetitions, transmission occasion can be introduced for facilitating the time domain resource derivation.
· A slot starting from starting symbol S indicated by DCI is divided into transmission occasions by a duration L indicated by DCI.
· Each transmission occasion consecutively follows the previous transmission occasions.
· Slot boundary and confliction with DL symbols may result in the orphan symbols in certain transmission occasion.
· To efficiently/aggressively utilize the resource, orphan symbols with length >1 can be considered for being used for one time mini-slot repetition.

Observation 2:
· Multi SLIVs indicating the starting symbols and the duration of each repetitions cause DCI overhead, although it benefits in more scheduling flexibility.
· Modifying SLIV to support the cases with S+L>14 and L<=14 will not cause large specification impact and can support scheduling flexibility.

Proposal 1:
· Modifying SLIV to support the cases with S+L>14 and L<=14 should be used.

Observation 3:
· TBS determination is based on the duration indicated by DCI, regardless of mini-slot transmission and multi-segment transmission.

Observation 4:
· mini-slot based repetitions causes unnecessary symbol transmission to fulfil a rule of the same duration repetition comparing to multi-segment transmission.
· Increasing the repetition number of short length mini-slot repetition causes multiple of 24 bits CRC overhead. 

Observation 5:
· Optimize to one-full-UL-period scenario rather than more-than-one-UL-period scenario for both mini slot repetition and multi-segment transmission.

Proposal 2:
· If aggressive resource utilization approach is adopted,
· Orphan symbol should be used for a mini-slot based repetition
· More than one UL periods within a slot should be used for multi-segment transmission.
· Otherwise,
· Orphan symbol should be dropped for mini-slot based repetition
· Only one segment transmission is within one UL period and other separated UL periods should be dropped for transmission.

Proposal 3:
· Multi-segments transmission is preferred to support the Rel-16 PUSCH enhancement. 




[20]	R1-1902717	Discussion on PUSCH enhancements for URLLC	Spreadtrum Communications
	Proposal 1: Mini-slot based repetitions should be supported for both scheduled and configured grant PUSCH in Rel-16. 
Proposal 2: Dynamic indication of the number of repetitions should not be supported. Design a unified “mini-slot based repetitions” for both scheduled and configured grant PUSCH in Rel-16. 
Proposal 3: DMRS sharing should not be supported for URLLC PUSCH enhancements in Rel-16.
Proposal 4: TBS determination for “mini-slot based repetitions” should be based on the first repetition. The formula in Rel-15 can be reused. 



[21]	R1-1902806	PUSCH enhancements for URLLC	NTT DOCOMO, INC.
	Proposal 1:
· If mini-slot repetition is supported,
· Time-domain resource allocation for the first repetition is the re-use of Rel.15 SLIV.
· Time-domain resource allocation for the remaining repetitions are following.
· Back-to-back unless UL/DL direction conflict or cross slot boundary occurs.
· If UL/DL direction conflict or cross slot boundary occurs, drop the concerned repetition.
· FFS postpone the concerned repetition case-by-case.
· Number of repetitions for a mini-slot repetition is indicated by the scheduling DCI.
Proposal 2:
· If mini-slot repetition is supported,
· Number of hops is no more than 2.
· For inter-PUSCH-repetition hopping,
· Even repetitions start from RBstart, and;
· Odd repetitions start from (RBstart + RBoffset) mod NBWP.
· For inter-slot hopping,
· Repetitions in slot 2n start from RBstart, and;
· Repetitions in slot 2n+1 start from (RBstart + RBoffset) mod NBWP.
Proposal 3:
· If mini-slot repetition is supported,
· DMRS sharing is not required.
· TBS determination can be based on the first repetition.
· Different repetitions convey different RVs of a transport block, where the RV sequence is configured from {0 2 3 1}, {0 3 0 3}, or {0 0 0 0}.
Proposal 4:
· If multi-segment transmission is supported,
· Opt.1: introduce a field indicating where the S=0 of the SLIV field is assumed
· Opt.2: multi-symbol granularity for the SLIV indication
· Segments are back-to-back unless UL/DL direction conflict or cross slot boundary occurs.
· If UL/DL direction conflict or cross slot boundary occurs, drop the concerned segment.
· FFS postpone the concerned segment case-by-case.
Proposal 5:
· If multi-segment transmission is supported,
· Support intra-PUSCH FH
· When the PUSCH is not multi-segment transmission same as for Rel.15 intra-slot FH
· When the PUSCH is multi-segment transmission, FH boundary is at the middle of the PUSCH transmission
· Support inter-PUSCH FH
· When the PUSCH is not multi-segment transmission same as for Rel.15 intra-slot FH
· When the PUSCH is multi-segment transmission, FH boundary is between PUSCH repetitions of the slot-aggregation
Proposal 6:
· If multi-segment transmission is supported,
· DMRS sharing can be supported under specific conditions are met.
· TBS determination should be based on the whole transmission.
Proposal 7:
· Support mini-slot repetition for Rel.16 URLLC.




[22]	R1-1902845	PUSCH enhancement for URLLC	Motorola Mobility, Lenovo
	TDoc not available



[23]	R1-1902874	On PUSCH enhancement for NR URLLC	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.
Proposal 3: Design SLIV to support that all PUSCH repetitions are limited in two consecutive slots (i.e., S=0,1, 2, …, 13 and S+L<=28)
Proposal 4: Focus on single SLIV in this SI.



[24]	R1-1902925	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 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.




[25]	R1-1903006	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.
Proposal 2: For dynamic PUSCH enhancement, adopt SLIV equation so that from SLIV, UE will be indicated the starting symbol S and the absolute length L.
Observation 1: Dynamic SFI transmitted by GC-PDCCH may not be reliable enough for URLLC service types with a high reliability requirement, e.g. 99.9999%.
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TDL-C channel with 300 ns delay spread
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TDL-A channel with 30 ns delay spread
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