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1	Introduction
PUSCH enhancements were included as one of the objectives in the NR URLLC L1 work item approved in RAN1#83 [1]:
· Specification of PUSCH enhancements for both grant-based PUSCH and configured grant based PUSCH [RAN1]
· For a transport block, one dynamic UL grant or one configured grant schedules two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots

The descriptions of options 4/5/6 are copied here:
	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.
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 determine 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.
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 number 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.



Section 2 summarizes the key issues and proposals on PUSCH enhancements, based on companies’ contributions submitted under AI 7.2.6.3 to RAN1#96bis [2]-[24]. (The related agreements in earlier meetings are listed in Appendix A for reference.) Section 3 provides the status summary of the offline discussions.
2	Summary of Contributions on PUSCH Enhancements 
Most contributions have focused the discussions on the comparison among options 4, 5 and 6. Therefore the summary here also focuses on these three options. There are a small number of contributions discussing pros and cons of option 1 vs option 2. But given that the comparison between option 1 and 2 had been extensively debated in the study item phase, it is not repeated here (please refer to R1-1903797 for the previous summary).
This is a high-level summary of what companies prefer based on the contributions:
· Option 4
· Yes: Huawei, vivo, Samsung, MediaTek (for CG), Spreadtrum, InterDigital, CTC, DOCOMO, QC, Nokia/NSB, CATT, Sharp, LGE, Sony
· Modified option 4a: Ericsson
· Option 5
· Yes: MediaTek (for dynamic grant, down-select between option 2 and 5)
· No: Huawei, LGE (de-prioritize), QC, Nokia/NSB
· Option 6
· Yes: ZTE, Panasonic, Intel, DOCOMO (2nd preference), Potevio (but with enhancements that are similar to option 4/5), CATT, QC, LGE, Ericsson
· No: OPPO, Sony
· FFS: CTC
In the following subsections, the discussions for different options are summarized, and some issues common for option 4 and 5 are captured in section 2.3. TBS determination, which is a common issue for all the options, is summarized in section 2.5.
2.1	Option 4
It is the common understanding that option 4 supports mini-slot repetition well either within a slot/UL period or across multiple slots/UL periods. It also supports multi-segment transmission if the allocation goes across slot/UL period boundary by signaling K=1, but the total length would be limited to the max value of L. This means that for the total transmission length of up to L, option 4 can be dynamically signaled by the gNB to operate either as mini-slot repetition or multi-segment transmission.
There is a general preference of option 4 over option 5, even though there may be different opinions on the maximum value of L. However, MediaTek[11] stated that option 4 cannot offer further frequency diversity compared to option 5 in typical cases but may have additional DMRS overhead
It is also understood that SLIV indication needs to be enhanced to support S+L > 14.
Below are some further details discussed regarding option 4:
· For configured grant,
· Good for DM-RS mis-detection performance because DM-RSs for multiple UEs can be aligned by aligning the mini-slot boundary (to avoid DM-RS vs PUSCH conflict which would greatly impact the DM-RS detection performance. (Huawei[2], MediaTek[11], LGE[12])
· FFS L>14
· L<=14: Huawei[2], QC[18], Nokia/NSB[20], Sharp[22] (assuming L represents the actual transmitted symbols)
· Nokia/NSB[20]: using L<=14 with K>1 only creates one additional repetition compared to multi-segment transmission
· L>14: Ericsson[5], CATT[21]
· L<=28: Samsung[10]
· Modified option 4 – it becomes multi-segment transmission when the number of slots spanned is greater than the number of repetitions indicated. Ericsson[5]
· Definition of L and K
· Samsung[10]: L*K represents the total number of actual symbols for UL transmission (i.e. postpone in case of DL slots/symbols).
· QC[18]: L*K represents the nominal number of symbols, i.e. the time window within which valid UL symbols are used for transmission
· How is the split of a nominal repetition done?
· Need to decide whether to keep the same number of total symbols (including orphan), or the same number of transmitted symbols, or the same number of data symbols (vivo[4])
2.2	Option 5
Option 5 supports multi-segment well. But it can support mini-slot repetition only within a slot/UL period, not across slots/UL periods. This has been viewed by most companies as the major drawback of option 5 compared to option 4.
It is also understood that SLIV indication needs to be enhanced to support S+L > 14.
Below are some further details discussed regarding option 4:
· Huawei[2]: For configured grant,
· limited starting opportunities in case of multi-segment transmission -> potentially harms latency
· collision between DMRS and data when two UEs have different starting points
· Samsung[10]: Option 5 may result in different transmission format for configured grant as well as different starting opportunities.
· Nokia/NSB[20]: MCS/TBS determination due to potentially uneven segments is more severe compared to option 4/6 and cannot be well controlled by gNB.
2.3	Issues common for options 4/5
Below are some discussion points that are common for options 4 and 5. Even though some companies discussed the issue(s) for one of the options, but the discussion is considered generally applicable for both options.
· OPPO[3], Sony[8]: Each segment contains its own DMRS.
· ZTE[6]: Handling of orphan symbols for configured grant was raised as an issue.
· Avoid SR/PUCCH/other PUSCH symbols/transient period?
· Panasonic[7]: cannot be signaled to avoid e.g. SR, PUCCH, or other PUSCH; segment may have unreasonably high DMRS overhead (option 4). May need larger DCI overhead (larger TDRA table) to accommodate S+L>14 (if supported for option 5). More DCI overhead (up to 3 bits) if the number of repetitions is dynamically indicated.
· Intel[9]: no mechanism to skip SRS/PUCCH/transient period (e.g. 1 symbol for 60kHz). No mechanism to use dynamic UL symbols (assuming it relies on semi-static configuration only)
· Samsung[10]: option 4: Introduce RRC signaling to configure one or more sets where some symbols cannot be used for PUSCH transmission.  Introduce a new DCI field to dynamic indicate one of the sets.
· Time domain resource determination
· OPPO[3]: The repetition is discarded if it conflicts with DL symbol
· ZTE[6]
· 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.
· LGE[12]:
· UE shall assume that the first repetition is available for UL transmission (for dynamic grant)
· To account for gap, the UE either assumes X symbols after DL is invalid for UL, or assumes X symbols before PUSCH is invalid for DL
· MotM/Lenovo[16]: Support including dynamic slot format indication in the scheduling DCI and/or (re)-activation DCI of URLLC PDCCH, if resource allocation of the enhanced PUSCH includes the slots with higher-layer configured ‘Flexible’ symbols.
· WILUS[24]: the first symbol after DL should be used excluded from valid UL symbols to account for switching time?
· WILUS[24]: should consider setting a window for delayed transmission
· RV
· LGE[12]: different alternatives are discussed
· Alt 1: largest repetition has RV0, and other repetitions follows the RV sequence using the largest repetition as the reference.
· Alt 2: n-th largest resource corresponds to n-th RV in the RV sequence.
· Alt 3: coded bits are mapped to all resources contiguously
· DOCOMO[17]: for option 4, the RV sequence is RRC configured from {0 2 3 1}, {0 3 0 3}, or {0 0 0 0}
· CATT[21]: The RV determination should consider the repetition length.
· Small number of symbols in a repetition
· Samsung[10]: option 4 - no transmission if there is only one symbol
· LGE[12]: no transmission, or it is concatenated to one of the adjacent repetitions
· QC[18]: option 4 – can be solved by configuration and/or gNB scheduling, and/or dynamically handled by UE
· SLIV indication for S+L>14
· Samsung[10]: SLIV =14*(L-1) +S, where 1≤ L ≤28.
· LGE[12]:
· Use RRC to configure the non-used SLIV values 105~127 to support S+L>14
· Use one more bit (e.g. SLIV = 14*(L-1)+S, or use 1-bit flag to re-interpret L/S)
· DOCOMO (option 4): add one field in the DCI to indicate the reference symbol position, or increase the granularity of scheduling unit (e.g. 2-symbol)
· WILUS[24]: S+L<=28 (all repetitions within 2 consecutive slots)
· Dynamic indication of the number of repetitions
· Yes: OPPO[3], Ericsson[5], DOCOMO[17] (option 4), Nokia/NSB[20] (option 4), CATT[21]
· OPPO[3]: If repetition is configured only for cross-slot transmission, then repetition is not always required. 
· Ericsson[5]: Jointly coded with SLIV in the TDRA table. Claimed that it can save bits.
· Frequency hopping
· Huawei[2]: Support inter-slot hopping and inter-PUSCH hopping, FFS intra-PUSCH hopping
· OPPO[3]: more flexible hopping pattern can be considered in terms of hopping sequence and hopping resource
· vivo[4]: two alternatives: (1) hopping point determined based on the number of repetitions; (2) RRC configures the set of hopping points and DCI indicates the applied hopping point.
· ZTE[6]: inter-repetition FH can reuse the principle of Rel-15 rules. Also proposed solution for intra-repetition FH.
· DOCOMO[17]: option 4 – inter-PUSCH hopping and inter-slot hopping, reuse Rel-15 hopping pattern. Up to 2 hops only.
2.4	Option 6
The following has been discussed regarding option 6:
· Can be configured to avoid PUCCH/SRS/DL symbols (Huawei[2])
· Can be configured properly to avoid orphan symbol (ZTE[6])
· For configured grant,
· Intel[9]: equally applicable to CG
· Cannot dynamically avoid PUCCH/SRS/DL period. TDRA needs to be configured to avoid any potential symbols for PUCCH/SRS/DL (Huawei[2] Samsung[10])
· Nokia/NSB[20]: PUSCH repetition is dropped when it conflicts with a DL, and reliability cannot be guaranteed; not friendly with CG configurations group or a single CG configuration with multiple starting offset to allow cross-boundary transmission.
· Is signaling overhead a concern?
· Yes: Huawei[2], OPPO[3], Sony[8], Samsung[10], Spreadtrum[13], CTC[14], DOCOMO[15], QC[18], Nokia/NSB[20], Sharp[22]
· The general concern is that a large number of entries is needed for handle different starting points and different DL/UL slot configurations.
· DCI
· More DCI overhead (assuming option 4/5 does not introduce e.g. dynamic indication of the number of repetitions) (Huawei[2])
· Large signaling overhead to support diverse resource allocation and UL/DL configuration (OPPO[3])
· Sony[8]: 16 entries is not sufficient. Would need a large number of entries to cater for all possible combinations considering the slot format change.
· QC[18]: less flexibility compared to option 4 with the same DCI overhead (assuming dynamic indication of the number of repetitions in option 4). Can be more problematic for CG.
· Nokia/NSB[20]: TDRA table size should be allowed to increase, but more is needed to handle DL/UL configurations
· RRC
· Samsung[10]: large additional RRC overhead
· No: Ericsson[5], Panasonic[7], Intel[9]
· Panasonic[7]: the DCI overhead (TDRA table size) should be similar to option 4/5. There are potential design options to reduce the RRC/DCI signaling overhead.
· Intel[9]: should not be more than the overhead for option 4/5 if dynamic indication of the number of repetitions is supported for option 4/5. The number of repetitions is associated with each TDRA entry. The TDRA table size is increased to up to 32. Additional RRC signaling overhead is limited.
· RV
· Intel[9]: Introduce support of all permutations of the RV sequences {0,2,3,1}, so that the configured RV sequence can be tailored for each combination of lengths of different repetitions. Simulation results were provided.
[bookmark: _Toc415085486][bookmark: _Toc503902285]2.5	TBS determination
TBS determination was discussed by many companies, and it is a common problem for all different options (even though the detailed consideration might be slightly different for each option). The main consideration is, 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 issues of modulation order and base graph mismatch have also been identified.
The TBS defined by all repetitions in contrast, will enable 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.

On the high-level, the following summarizes what each company prefers based on the contributions:
· Based on first repetition (OPPO[3], DOCOMO[17])
· Based on the longest PUSCH (Huawei[2])
· Based on the shortest PUSCH (CAICT[23])
· Based on the total allocated resources
· Ericsson[5]: TBS determination based on first repetition can lead to inflexible scheduling, poor usage of MCS table, modulation order and based graph mismatch
· Option 4
· Based on L: Samsung[10], QC[18]
· Samsung[10]: but can consider further adjustment of modulation order
· Option 6
· Intel[9]: use the first segment for TBS determination, and in addition introduce a scaling factor as a function of the first segment, total duration, and slot duration
· QC[18]: use the first segment
· Vivo[4]: Discussed different possibilities for option 4. Option 5 is not friendly for TBS determination design due to the uneven segments.
· LGE[12]: either based on one repetition or entire allocated resources
2.6	Others
There are some additional enhancements that has been discussed:
· Allow highest priority to URLLC traffic potentially including dropping other overlapping UL transmissions (LGE[12])
· Note: This corresponds to intra-UE prioritization/multiplexing scenario 6, which has not been included in the WI as the outcome of the SI conclusion.
· Differentiation between NR Rel-15 slot-based repetition and potential Rel-16 mini-slot based repetition
· Huawei[2]: higher-layer signalling (RRC)
· Early termination of PUSCH
· Vivo[4]: can use UL cancelation indication
· Impact of uneven length of different repetitions: reference PUSCH is needed for the following cases: (CAICT[23])
· TPC calculation depends on the number of REs in PUSCH
· For UCI on PUSCH, the number of coded modulation symbols depends on the number of symbols in PUSCH.

3	Tuesday Offline Discussion
The main target in this meeting is to down-select between options 4, 5 and 6.
The offline discussion on Tuesday morning focused on the comparison between option 4 and 5. MediaTek and Ericsson raised some concerns regarding option 4 compared to option 5:
· MediaTek: the concern for option 4 for dynamic grant is mainly about the need for the dynamic indication of K to support dynamic switch between mini-slot repetition and multi-segment transmission, which may cause unnecessary DCI overhead.
· Ericsson: the concern for option 4 is mainly how large the value of L can be given that K needs to be 1 for multi-segment transmission.
As the outcome of the offline discussion, it was later agreed that:
Agreements:
· Option 5 is not considered further as part of PUSCH enhancements.

[bookmark: _GoBack]4	Thursday Offline Discussion
The offline discussion on Thursday morning focused on further details regarding option 4 and option 6. As the outcome, the following was agreed.
Agreements:
For option 4, dynamic indication of the nominal number of repetitions in the DCI scheduling dynamic PUSCH is supported for PUSCH enhancements. The dynamic indication can be enabled or disabled by the gNB.
· FFS the exact signaling method
· FFS the exact DCI format(s)
· FFS the exact mechanism to enable or disable
· FFS the DCI activating type 2 configured grant PUSCH


The following proposals were discussed within some companies and were proposed for further considerations:
Proposal 1:
For option 6,
· For dynamic PUSCH
· For semi-static DL symbol(s)
· Option 1: it is not expected that the resource allocation has conflict with semi-static DL symbol(s).
· Option 2: if the resource allocation has conflict with semi-static DL symbol(s), the repetition is not transmitted.
· Pros: may allow the configuration of smaller number of entries in the TDRA table
· Cons: the actual number of repetitions may be smaller, which could affect the reliability.
· For dynamically indicated DL symbol(s) (via format 2_0), it is not expected at the UE that the resource allocation has conflict with dynamically indicated DL symbol(s).
· Note: this is the same as Rel-15 behavior.
· For configured grant PUSCH,
· For the first repetition of the first PUSCH after type 2 configured grant activation, the resource allocation is not expected to conflict with the semi-static DL symbol(s) or dynamically indicated DL symbol(s).
· If a repetition conflicts with semi-static DL symbol(s), the repetition is not transmitted. 
· If a repetition conflicts with dynamically indicated DL symbol(s) (via format 2_0), the repetition is not transmitted. 
· Note: this is the same as Rel-15 behavior.

Proposal 2:
For option 6, for configured grant, it is not expected that one repetition spans across slot boundary for any transmission occasion.

Proposal 3:
For option 4, when one nominal repetition is split into multiple repetitions due to segmentation at the slot/UL period boundary,
· For front-loaded-only DMRS, DMRS is transmitted at the beginning of each repetition.
· FFS the case when additional DMRS is configured for the transmission
· FFS whether it is handled differently when there is only one symbol in the repetition

Proposal 4: 
For both option 4 and 6, for frequency hopping,
· Inter-PUSCH-repetition FH and inter-slot FH are supported.
· For option 4, FFS whether the hopping occurs between the nominal or actual PUSCH repetition.
· Up to 2 hops are supported.
· Reuse Rel-15 hopping pattern.


The following are some more discussion points that companies are encouraged to consider further.

Comparison between option 4 and option 6
· Avoid SRS/PUCCH/other PUSCH/ transient period?
· Additional overhead or flexibility limitation for option 6?

Option 4
· Meaning of L and K
· Alt 1: L*K represents the total number of actual symbols for UL transmission (i.e. postpone in case of DL slots/symbols)
· Alt 2: L*K represents the time window within which valid UL symbols are used for transmission
· Is the definition the same for DG and CG?
· The definition affects how large L needs to be (i.e. for multi-segment transmission with K=1)
· FFS L>14

For TBS determination for option 4, the following alternatives are further considered:
· Based on L
· Based on the first repetition
· Based on the longest repetition
· Based on the shortest repetition
· Based on the total duration

For TBS determination for option 6, the following alternatives are further considered:
· Based on the first repetition
· Based on the longest repetition
· Based on the shortest repetition
· Based on the total duration
· Based on the first repetition with an additional scaling factor

RV
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Appendix A: Previous agreements on potential enhancements for PUSCH
	RAN1#94bis (Oct. 2018)
Agreements:
· One PUSCH transmission instance is not allowed to cross the slot boundary at least for grant-based PUSCH.

	
RAN1#95 (Nov. 2018)
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 (Jan. 2019)
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.

	
RAN1#96 (Feb. 2019)
Agreements:
· Capture the descriptions of option 1 to 6 (see R1-1903797 and previous agreements) in the TR.

Conclusion:
· Finalize the details regarding how to use “option 1” vs. “option 2” during the WI phase using option 4, 5, and 6 (as in R1-1903797) as a starting point.

Agreements:
· Capture the simulation results in Section 3 in the TR.

	





Appendix B: Proposals from contributions
[2]	R1-1903956	PUSCH enhancements for URLLC	Huawei, HiSilicon
	Observation 1: Option 5 is the least flexible option among the three candidate options for signaling PUSCH TDRA patterns.
Observation 2: The starting opportunities within per slot are limited for Option 5 in case the whole duration crosses the slot boundary or DL/UL switching point.
Observation 3: Option 5 has a risk of DMRS and data collision between multiple UEs assigned with overlapped T/F resources for configured grant in case the whole duration crosses the slot boundary or DL/UL switching point.
Observation 4: The benefit of dynamically avoiding PUCCH/SRS/DL period for Option 6 is absent for configured grant since the TDRA is semi-statically configured or activated, and therefore the issue of how to handle the collision with PUCCH/SRS/DL period is common for Option 6 and Option 4/5 under configured grant.
Observation 5: More DCI overhead is needed for Option 6 to support dynamic avoidance of DL period.
Proposal 1: Option 5 should be precluded due to the limited flexibility on signaling PUSCH pattern, limited GF starting opportunities, and the potential risk of DMRS and data collision between multiple GF UEs assigned with overlapped T/F resources.
Proposal 2: Between Option 4 and Option 6, Option 4 is preferred as a flexible and DCI saving solution.
· It is not necessary to support L>14.
· S+L>14 can be supported.
Proposal 3: It could be considered to calculate the TBS based on the longest PUSCH if the PUSCH repetitions are with unequal lengths to guarantee the whole transmissions are self-decodable while on the other hand achieving better resource utilization efficiency.
Proposal 4: Inter-slot PUSCH hopping and inter-PUSCH hopping can be supported. 
· The benefit of intra-PUSCH hopping can be FFS.
Proposal 5: It could be considered to signal the UE with repetition type, i.e., slot-based repetition or Rel-16 based repetition. 



[3]	R1-1904044	PUSCH enhancements for URLLC	OPPO
	Proposal 1: Time domain resource, TBS determination, frequency hopping and DRMS supplementation should be enhanced for one grant to schedule PUSCH repetition.



[4]	R1-1904083	PUSCH enhancements for URLLC	vivo
	Proposal1:  Option 4 is preferred. The following issues should further clarified.
· How to split a nominal transmission 
· TBS determination based on a nominal or the actual transmission.
Proposal 2: 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 3: UL cancelation indication mechanism could be used for early termination of PUSCH repetitions.



[5]	R1-1904124	PUSCH Enhancements for NR URLLC	Ericsson
	Observation 1	Option 4 supports mini-slot repetition.
Observation 2	Option 4 does not support multi-segment transmission with the restriction L <= 14. Removing this restriction allows option 4 to support multi-segment transmission.
Observation 3	Option 5 supports multi-segment transmission.
Observation 4	Option 5 does not support mini-slot repetition if the transmission crosses the slot boundary.
Observation 5	Option 6 supports both multi-segment transmission and mini-slot repetition.
Observation 6	The signalling overhead of option 6 is not a concern in practice.
Observation 7	Option 4b allows for both mini-slot repetition and multi-segment transmission when the length of the first nominal repetition is smaller than or equal to 7.
Observation 8	Joint signalling of S, L, and the number of repetitions in the TDRA table does not increase the DCI size.
Observation 9	Joint signalling of S, L, and the number of repetitions in the TDRA table can decrease the DCI size compared to separate signalling through removal of redundant entries.
Observation 10	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 11	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 12	When (mini-)slot aggregation is used, basing the TBS determination on the allocated resources in the first transmission may lead to excessively high target code rate, resulting in modulation order and base graph mismatch.
Based on the discussion in the previous sections we propose the following:

Proposal 1	Modify option 4 to allow L to take values larger than 14.
Proposal 2	Adopt either option 4a or option 4b as described above to support both mini-slot repetition and multi-segment transmission.
Proposal 3	Consider signalling of the number of repetitions in the TDRA table to potentially reduce DCI size for option 4 and option 5.
Proposal 4	For multi-segment PUSCH and for mini-slot repetitions, TBS determination is based on the total amount of allocated resources when determining N’RE.



[6]	R1-1904145	PUSCH enhancements for NR URLLC	ZTE
	Observation 1: For grant-based mini-slot PUSCH repetition, it is better to avoid orphan symbol(s) in terms of efficiency, which is also feasible.
Observation 2: Option 6 could be considered as one way to solve the orphan symbol(s) issue for grant-based mini-slot PUSCH repetition.
Proposal 1: Adopt Option 6 for grant-based mini-slot PUSCH repetition.
Proposal 2:Option 6 is slightly preferred for configured grant mini-slot PUSCH repetition.
Proposal 3: For configured grant PUSCH repetitions, it needs to study
· the definition of orphan symbols
- the UE behavior on handling of the orphan symbols
Proposal 4: For the intra-repetition and inter-repetition frequency hopping, 
· Rel-15 rules is reused for PUSCH repetitions.
· They cannot be enabled simultaneously.
Proposal 5: The maximum TBS size of PUSCH repetition is not increased compared to Rel-15.
Proposal 6: For one or more 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. 



[7]	R1-1904188	On PUSCH enhancements for NR URLLC	Panasonic
	Observation 1: For option 4, multi-segmentation is done only at the DL/UL switching point or when “nominal” repetition goes across the slot boundary and it doesn’t support multi-segmentation between the repetitions for other purposes such as SR transmission, higher priority short PUCCH transmission, and higher priority short PUSCH transmission for other UE.
Observation 2: For option 4, multi-segmentation could result in very short segments (UL periods) with unreasonably high DMRS overhead, unless a new set of rules are added for each possible scenario.
Observation 3: For option 4, maximum size of the RRC configured table for PUSCH TDRA might be needed because of new possible combinations as a result of enhancing S+L>14.
Observation 4: For option 4, if dynamic indication of the number of repetitions need to be supported, new additional bit field with 1, 2 or 3 bits would be needed to indicate up to 8 repetitions.
Observation 5: For option 5, it is not possible to support multi-segmentation and mini-slot repetition within the same slot at the same time. As a result, UE cannot exploit diversity gains whenever multi-segmentation is done within a slot or slot boundary.
Observation 6: For option 5, multi-segmentation is done only at the DL/UL switching point or when “nominal” repetition goes across the slot boundary and it doesn’t support multi-segmentation between the repetitions for other purposes such as SR transmission, higher priority short PUCCH transmission, and higher priority short PUSCH transmission for other UE.
Observation 7: For option 5, maximum size of the RRC configured table for PUSCH TDRA might be needed because of new possible combinations as a result of enhancing S+L>14.
Observation 8: For option 5, if dynamic indication of the number of repetitions need to be supported, new additional bit field with 1, 2 or 3 bits would be needed to indicate up to 8 repetitions.
Observation 9: For option 6, the enhancements in the RRC configured table for PUSCH TDRA allows the multi-segmentation not only at the DL/UL switching point or slot boundary, but also for other scenarios such as for SR, short PUCCH/PUSCH for other UE, etc.
Observation 10: For option 6, issues related to unnecessary very short segments (repetitions or UL period) having very high DMRS overhead can be simply avoided by indicating the most optimal index of the TDRA table and without the need for any rules or additional restrictions.
Observation 11: For option 6, the impact related to possible increase in the number of indices for the RRC configured PUSCH TDRA table could be similar to option 4 and option 5.

Proposal 1: For supporting both the operations of mini-slot repetition and multi-segmentations, option 6 should be agreed to be supported
· FFS: How to efficiently enhance the RRC configured table for PUSCH TDRA 



[8]	R1-1904236	Considerations in PUSCH enhancements for eURLLC	Sony
	Observation 1: The use of a TDRA table in Option 6 where the entries are limited and semi-statically configured, cannot cater for the multiple combinations of possible PUSCH transmissions and cannot adapt to dynamic changes to the slot format (i.e. UL period).
Observation 2: The restriction on possible PUSCH transmission due to the limited entries in the TDRA table used in Option 6 does not offer any clear benefit.
Proposal 1: Consider a combined (Option 1 & Option 2) solution.
Proposal 2: Option 6 where the PUSCH transmission is restricted to a limited number of semi-statically configured entries in a TDRA table is not considered further.
Proposal 3: Consider Option 4 or Option 5 for Rel-16 eURLLC PUSCH enhancement.
Proposal 4: In using Option 4 or Option 5, a PUSCH transmission is segmented when it crosses a slot boundary and when it crosses two UL periods.
Proposal 5: When a PUSCH is segmented due to a gap between UL periods or slot boundary, each segment contains its own DMRS.



[9]	R1-1904307	PUSCH enhancements for URLLC	Intel Corporation
	Observation 1
· Options 4 and 5 lack of mechanisms of skipping important UL symbols (PUCCH, SRS, transients, etc)
· It is envisioned that additional mechanisms to skip UL symbols in options 4 and 5 may overcomplicate NR specification and UE/gNB implementation
· Options 4 and 5 lack mechanisms to use dynamic UL symbols
Proposal 1
· Support option 6 as a starting point for enhanced PUSCH repetitions
Proposal 2
· For option 6, the following TDRA table functionality is introduced
· More than one SLIV is signaled in one table entry, where each SLIV is explicitly mapped to the slot pointed by K2 or to other slot
· A total number of repetitions is associated with each table entry
· FFS as a number of SLIVs or as a separate number
· Maximum TDRA table size is increased up to 32 entries
Proposal 3
· When two or more segments are mapped to one slot, the intra-slot FH boundary is moved to the boundary between segments
Proposal 4
· Use the first segment duration for TBS determination
· Introduce scaling for TBS determination procedure as a function of the first segment, total duration, and slot duration
Proposal 5
· Introduce support of all permutations of the RV sequences {0,2,3,1}
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Figure 1. BLER vs SNR for different RV sequences when total PUSCH is split onto 8 + 4 symbols.



[10]	R1-1904442	PUSCH enhancement for eURLLC	Samsung
	Proposal #1: Support Option 4 in TR 38.824 for PUSCH enhancement for eURLLC.
Proposal #2: Symbol number L indicated in TDRA is smaller or equal to 28. 
Proposal #3: S+L >14 is allowed and calculation of SLIV is SLIV =14*(L-1) +S. 
Proposal #4: Not transmit the repetition when there is only one symbol due to slot boundary or DL/UL switching point.  
Proposal #5: The total symbols number indicated by L in TDRA and K repetitions represents the actual number of symbols for UL transmission.   
Proposal #6: TBS is determined based on the number of symbol L indicated in TDRA. Further study on the determination of modulation scheme in each repetition. 
Proposal #7: Introduce RRC signaling to configure one or more sets where some symbols cannot be used for PUSCH transmission.  Introduce a new DCI field (e.g., 0~2 bits) to dynamic indicate one of the sets.  


[11]		R1-1904505	On repetition schemes for NR PUSCH	MediaTek Inc.
	Observation 1: Reducing the alignment delay is more critical for meeting the URLLC requirements compared to gaining more diversity.
Observation 2: With the typical latency requirement and UE/gNB processing times, the possible time domain allocation length for PUSCH is small (e.g. 16 OS for 30KHz with 1ms latency).
Observation 3: With multi-segment repetition scheme, using intra-slot and inter-slot frequency hopping can give up to 4 frequency hops.
Observation 4: To achieve further frequency diversity gain by using mini-slot repetition compared to Rel-15 intra-slot frequency hopping, the repetition length must be equal or smaller than 4 OS (L ≤ 4).
Observation 5: Adopting mini-slot repetition scheme for the case when total allocation goes across the slot boundary cannot offer further frequency diversity.
Observation 6: Segmenting a mini-slot repetition, as proposed by Option-4, results extra DMRS overhead that could degrade the transmission reliability.
Proposal 1: For PUSCH scheduled by dynamic grant, mini-slot repetition is not supported when the total allocation goes across the slot boundary.
Proposal 2: For PUSCH scheduled by dynamic grant, down-select between Option-2 and Option-5 repetition schemes.
Proposal 3: For configured-grant, support mini-slot repetition scheme (Option-1).



[12]	R1-1904629	PUSCH enhancements for NR URLLC	LG Electronics
	Proposal 1: For PUSCH enhancement, Option 5 need to be de-prioritized.
Proposal 2: To determine time-domain resource allocation, UE shall assume that the first repetition is available for UL transmission. 
Proposal 3: 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
· FFS: how to determine X
Proposal 4: For TBS determination, it is necessary to consider shortened transmission duration. 
· Option 1: TBS is determined by the resource of the one repetition
· FFS: consider nominal repetition or actual repetition for option 4 and 5
· FFS: Which repetition is considered (initial, largest, smallest)
· Option 2: TBS is determined by entire allocated resource for a TB
· 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 5: For PUSCH enhancement, how to mapping RV or coded bits among repetition should be specified.
· Option 1: The transmission with the n-th resource among all repetitions for a TB is associated with the (n+k)-th value among RV sequences, where the k is the index of the largest resource among all repetitions for a TB.
· Option 2: The transmission with the n-th largest resource among all repetitions for a TB is associated with the n-th value among RV sequences. 
· Option 3: Once a RV is applied to a repetition, coded bits is mapped to remaining repetition contiguously
· FFS: For repetitions mapped with same RV or for all of repetitions
Proposal 6: for a repetition of insufficient length, following options can be considered:
· Option 1: UE may drop a repetition of insufficient length.
· Option 2: UE assumes that a resource of insufficient length is concatenated to one of adjacent repetitions.
· FFS: how to determine insufficiency of a repetition
Proposal 7: To extend the range of PUSCH resource allocation, following option can be considered:
· Option 1: Adopt SLIV to RA table which overrides current SLIV interpretations. 
· Option 2: Use 1 more bit to indicate extended resource Allocation 
· Option 2-1: 8bit SLIV 
· Option 2-2: SLIV re-interpretation triggered by 1bit flag
Proposal 8: For TBS determination, TBS should be determined without regarding of actual transmission duration at least for configured grant.
Proposal 9: Power limited case should allow highest priority to URLLC traffic potentially including dropping other overlapping UL transmissions. 



[13]	R1-1904788	Discussion on PUSCH enhancements for URLLC	Spreadtrum Communications
	Proposal 1: Option 4 should be supported for URLLC PUSCH enhancements. 



[14]	R1-1904884	On PUSCH enhancements for URLLC 	InterDigital, Inc.
	Proposal 1: NR supports option 4 for PUSCH repetition.



[15]	R1-1904908	PUSCH enhancements for URLLC	China Telecommunications
	Proposal 1: Mini-slot level repetition should be supported for PUSCH enhancements for URLLC.
Proposal 2: Option 4 should be supported for PUSCH enhancements for URLLC.
Proposal 3: Option 6 needs further study.



[16]	R1-1904931	PUSCH enhancement for URLLC	Motorola Mobility, Lenovo
	Proposal 1: One transmission occasion of an enhanced PUSCH is determined such that it does not map across higher priority-PUCCH resources configured for low-latency HARQ-ACK feedback or low-latency SR and/or configured higher-priority PUSCH resources.
Proposal 2: The transmission occasion of the enhanced PUSCH opportunistically includes the symbols which overlap in time with the configured higher-priority PUCCH and/or PUSCH resource by transmitting the additional channel bits on the time-overlapped PUSCH symbols.
Proposal 3: Support determining a TBS for the enhanced PUSCH, based on durations of transmission occasions of the enhanced PUSCH.   
Proposal 4: Support including dynamic slot format indication in the scheduling DCI and/or (re)-activation DCI of URLLC PDCCH, if resource allocation of the enhanced PUSCH includes the slots with higher-layer configured ‘Flexible’ symbols. 



[17]	R1-1904959	PUSCH enhancements for URLLC	NTT DOCOMO, INC.
	Proposal 1:
· Further down-select between option 4 and option 6 in WI. 
Proposal 2:
· Option 1 is preferred.
· L<14.
· Number of repetitions for a mini-slot repetition is indicated by the scheduling DCI.
Proposal 3:
· For PUSCH repetitions,
· 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 4:
· In case mini-slot repetition is used,
· 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}.



[18]	R1-1905021	PUSCH enhancements for eURLLC	Qualcomm Incorporated
	Observation 1: Option 4 provides all the scheduling flexibility that is achievable by Option 5, but the reverse is not true.
Observation 2: For the same DCI overhead, Option 4 is likely to provide more scheduling flexibility as compared to Option 6.
Observation 3: Dynamic SFI transmitted by GC-PDCCH may not be reliable enough for URLLC service types with a high reliability requirement, e.g. 99.9999%.
Observation 4: Option 4 provides a better commonality between the design of CG PUSCH and DG PUSCH as compared to Option 6.
Observation 5: L>14 for Option 4 needs some new signalling, e.g. new design for SLIV equation and new rule for DMR determination, with no clear benefit.  
Proposal 1: For dynamic PUSCH enhancement, Option 5 is no more considered for NR eURLLC Rel-16.
Proposal 2: If Option 4 is specified, UE will stop its transmission for this TB after absolute number of symbols is met.
Proposal 3: TB size is determined from the first nominal repetition in Option 4, and from the first segment in Option 6.
Proposal 4: Do not support L>14 for Option 4.  



[19]	R1-1905117	Discussion on PUSCH enhancements	Potevio
	Proposal 1: Option 6 should be adopted for PUSCH enhancements for NR eURLLC. The details for option6 should be further studied.



[20]	R1-1905145	On PUSCH enhancements for NR URLLC	Nokia, Nokia Shanghai Bell
	Observation 1: Option 5 does not allow mini-slot repetition operation in case the overall transmission instance spans across the slot boundary / UL periods which seems rather restrictive by design. MCS / TBS determination issues for uneven transmission segments identified during the SI are present for Option 5 and cannot be that well controlled by the gNB compared to Options 4 and 6. 

Proposal 1: Do not support Option 5 for PUSCH enhancements and focus the further discussions on down-selection between Option 4 and Option 6. 

Proposal 2: If Option 4 is supported, the repetition factor K is dynamically indicated in the respective UL grant for scheduled PUSCH.
· Number of bits and mapping to repetition factor are FFS. 

Proposal 3: If Option 4 is supported, the Rel-15 limitations in terms of number of symbols L (i.e. L<=14), the TDRA field / parameter size (i.e. 4bits) and the related Rel-15 TBS determination procedure is to be reused. 

Proposal 4: If Option 6 is supported, the TDRA field / parameter size can be increased to provide the needed flexibility for URLLC PUSCH operation. 
· FFS on maximum number of bits. 

Observation 3: The interaction of Option 6 with (flexible) TDD may result in possible PUSCH transmission dropping. For CG operation, this will impact the reliability negatively (i.e. no guaranteed number of PUSCH symbols / repetitions). 

Observation 4: Option 6 is having severe limitations in terms of discussed Rel-16 CG enhancements, such as CG configuration groups and/or single CG configurations to cross the periodicity boundary for both FDD and TDD. 

Proposal 5: Support PUSCH enhancements according to Option 4, as Option 4 is having less limitations compared to Option 6 with respect to TDD operation as well as specifically considering the intended Rel-16 URLLC CG enhancements. 



[21]	R1-1905361	PUSCH enhancements for URLLC	CATT
	Observation: With L>14, option 4 is a superset of option 5 and option 4 can additionally support mini-slot repetition in case the overall resources go across slot boundary.
Proposal 1: L>14 is supported for option 4.
Proposal 2: Dynamic repetition number indication is supported for dynamic PUSCH and type 2 configured grant PUSCH for option 4 and option 5.
Proposal 3: Down select between option 4 and option 6.
Proposal 4: The RV determination should consider the repetition length.



[22]	R1-1905397	Views on enhancements to PUSCH for eURLLC	Sharp
	Observation 1:
· L > 14 may be necessary only if actual duration of “PUSCH with multi segments” can be smaller than signaled L due to dropping of PUSCH on non-available symbols
· L <= 14 is enough if actual duration of “PUSCH with multi segments” is always same with signaled L (i.e. if PUSCH on non-available symbols never drops)
Observation 2:
· Orphan symbol issue which may occur in option 4 should be avoided by dropping/postpone of the orphan symbol or limited mapping rule
Observation 3:
· All mapping of option 5 can be realized by option 4 if RRC signalling overhead in option 4 is allowable
Observation 4:
· To satisfy Rel-16 latency requirement, TDRA field in DCI should cover code points for any starting symbols as possible
Observation 5:
· Indication of exact time resource for each repetition requires different code points for TDRA in DCI for different slot structure
Then, we would like to propose followings
Proposal 1:
· For option 4, L indicates actual duration of PUSCH with one or multi segments and the maximum value of L is 14
Proposal 2:
· To satisfy ultra low latency scenario by multi-segment transmission with few code points of TDRA in DCI, option 4 should be supported



[23]	R1-1905418	PUSCH enhancements for URLLC	CAICT
	Proposal 1: At least support “mini-slot level repetition” as the solution of cross-slot-boundary PUSCH transmission.
Proposal 2: The PUSCH which corresponds to the minimum value of  is used as the reference PUSCH to decide the TB size in the PUSCH repetitions.
Proposal 3: Consider  is based on which PUSCH for the determination of “BPRE” when calculate the PUSCH transmit power, especially when DMRS sharing is applied.
Proposal 4: Consider the flexibility of  used for each PUSCH to determine the number of coded modulation symbols per layer for each UCI transmission.



[24]	R1-1905432	On PUSCH enhancement for NR URLLC	WILUS Inc.
	· Proposal 1: When determining the first available symbol, it should be further discussed whether or not to exclude a semi-static flexible symbol right after semi-static DL symbols or SS/PBCH blocks.
· Proposal 2: It is necessary to discuss whether or not to transmit a very long deferred PUSCH repetition and how to terminate the PUSCH repetition.
· Proposal 3: We propose to design SLIV in order 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: It is necessary to investigate further the advantages and disadvantages of option 4, 5 and 6 in terms of latency, DCI overhead, scheduling flexibility and spec impact.  
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