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Introduction
In RAN1 NR #98bis meeting [1], the following agreements and conclusions were achieved for PUSCH enhancements.
R1-1911527
Agreement:
· Do not support PUSCH mapping type A for Option 4.
R1-1911631
Agreements:
· Rel-16 enhanced PUSCH scheme (including dynamic indication of the number of repetitions) is supported for DCI format 0_1 and new UL DCI format (for DG and type 2 CG).
· Rel-16 enhanced PUSCH scheme is not supported for DCI format 0_0 for DG and type 2 CG
Agreements:
For the dynamic indication of the number of repetitions for dynamic grant:
· Jointly coded with SLIV in TDRA table, by adding an additional column for the number of repetitions in the TDRA table 
· The maximum TDRA table size is increased to 64
· No other spec impact is expected
Agreements:
· Support dynamic indication of the number of repetitions for Rel-15 PUSCH with slot aggregation using DCI formats 0_1 & the new UL DCI format
· The dynamic indication is done by using the same Rel-16 mechanism (Jointly coding the number of repetitions with SLIV in TDRA table)
Agreement:
For frequency hopping for Rel-16 PUSCH, the number of actual hopping locations in frequency is 2.
Agreements:
In case frequency hopping is enabled for Rel-16 PUSCH, to determine the frequency locations of the two hops, reuse Rel-15 RRC parameters and equations for format 0_1, and introduce new RRC parameters (same as those of Rel-15) for new DCI UL format. 
· FFS time domain hopping pattern
R1-1911695	
Agreements:
In terms of how to interpret L and K for Rel-16 PUSCH transmissions (for both DG & CG), Alt. 1 is adopted. 
· That is, for the Rel-16 PUSCH with enhanced repetition transmission, the time window within which valid symbols are used for transmission is L*K, starting from the first symbol indicated by the SLIV in TDRA field.
R1-1911701	
Conclusion:
Definitions:
· “Rel-16 PUSCH transmission scheme”: Option 4
· “Rel-15 PUSCH transmission scheme”: the transmission is done according to Rel-15 behavior, either with or without slot aggregation. With slot aggregation, the number of repetitions can be either semi-statically configured (as in Rel-15) or dynamically indicated (as agreed for Rel-16).
Agreements:
For DG and retransmission of CG, introduce one RRC parameter for each of the DCI format 0_1 and the new UL DCI format, to indicate whether UE follows the behavior for “Rel-16 PUSCH transmission scheme” or the behavior for “Rel-15 PUSCH transmission scheme”.
· FFS: whether to restrict that “Rel-16 PUSCH transmission scheme” cannot be enabled for both DCI formats simultaneously 
For Type 1 CG, introduce an RRC parameter per CG configuration to indicate whether UE follows the behavior for “Rel-16 PUSCH transmission scheme” or the behavior for “Rel-15 PUSCH transmission scheme”.
Agreement:
For Type 2 CG, UE uses the PUSCH transmission scheme (“Rel-16 PUSCH transmission scheme” or “Rel-15 PUSCH transmission scheme”) associated with the activating DCI format.
Agreements:
For the interaction with DL/UL directions, if dynamic SFI is configured, Option 1-4 is not further considered for both DG and CG
For the interaction with DL/UL directions, if dynamic SFI is configured, Option 1-2 is not further considered for DG.
Agreement:
For the interaction with DL/UL directions, if dynamic SFI is configured, Option 2-2 and 2-3 are not further considered for DG.
Agreements:
· For both DG and CG with “Rel-16 PUSCH transmission scheme”, if dynamic SFI is not configured, semi-static flexible symbols are used for PUSCH. Segmentation occurs at least around semi-static DL symbols.
· FFS segmentation also around dynamically indicated invalid symbols for UL transmissions in the UL grant (if supported for DG and/or Type 2 CG) and/or semi-statically configured invalid symbols for UL transmissions (if supported)
· FFS how to handle the conflict with dynamic DL transmission for CG
Definition of L
Considering that the total time domain resources for the PUSCH transmission is related to the value of K*L, there is no need to let L>14. The total time domain resources for PUSCH can be efficiently increased by increasing the repetition numbers K. Besides, existing specifications and operations will be impacted if the value of L can be larger than 14. 
Observation 1: Allow the value of L can be larger than 14 has no obvious advantage but will affect existing specifications and operations.
Proposal 1: L>14 shouldn’t be supported.
Handling of orphan symbols
In the previous meeting, we proposed to handle the interpretation of L*K together with the ‘orphan symbol’ issue. Considering that the interpretation of L*K had been determined as Alt. 1. That is, for the Rel-16 PUSCH with enhanced repetition transmission, the time window within which valid symbols are used for transmission is L*K, starting from the first symbol indicated by the SLIV in TDRA field. Then the handling of orphan symbols should be considered based on Alt.1. As illustrated in Figure 1~Figure 3, There is no difference between the impact of dropping ‘orphan symbols’ and postponing one repetition to avoid the appearance of ‘orphan symbols’. However, postponing a repetition will be more complicated. So we recommend not dealing with ‘orphan symbols’ in the way that postponing one repetition to avoid the appearance of ‘orphan symbols’. Another option is to merge ‘orphan symbols’ with its adjacent repetition, which has less impact on reliability but is more complicated than dropping ‘orphan symbols’.
Observation 2: There is no difference between the impact of dropping ‘orphan symbols’ and postponing one repetition to avoid the appearance of ‘orphan symbols’.
Proposal 2: Don’t deal with ‘orphan symbols’ in the way that postponing one repetition to avoid the appearance of ‘orphan symbols’.
Another issue should be considered is the definition of ‘orphan symbols’. ‘Orphan symbols’ are symbols within one actual repetition which contains too few symbols after segment. But how many symbols within one actual repetition should be considered too few? Here we propose to determine ‘orphan symbols’ according to the length of one nominal repetition and effective code rate for segmented PUSCH.
Proposal 3: Determine ‘orphan symbols’ according to the length of one nominal repetition and effective code rate for segmented PUSCH.


[bookmark: _Ref20058437]Figure 1 ‘Orphan symbol’ located in the 13th symbol in slot n is dropped


Figure 2 Postpone the 3rd repetition to avoid the appearance of ‘orphan symbol’


[bookmark: _Ref22910497]Figure 3 ‘Orphan symbol’ located in the 13th symbol in slot n is merged with its adjacent repetition
Interaction with DL/UL directions
In the previous meeting, the issue about interaction of enhanced PUSCH with DL/UL directions had been discussed and some options had been dropped. The main point is whether flexible symbols can be used for PUSCH transmission and how to handle when SFI is configured. For dynamic scheduled PUSCH with SFI configured, Options are as follows [2].
· Option 1: behavior not dependent on dynamic SFI
· Option 1-1: Semi-static flexible symbols are used for PUSCH. Segmentation occurs only around semi-static DL symbols.
· Option 1-3: Dynamic indication in UL grant on which set of semi-static flexible symbols are used for PUSCH. Segmentation occurs around semi-static DL and the dynamically indicated invalid symbols.
· Option 2: the UE uses SFI to determine the symbols to transmit
· In case SFI is configured and received
· Option 2-1: Segmentation occurs around semi-static DL symbols and dynamic DL/flexible symbols
· Option 2-4: A repetition is not transmitted if it conflicts with a dynamic DL/flexible symbol
· In case SFI is configured and not received
· A repetition is not transmitted if it conflicts with a semi-static flexible symbol.

Option 1-1 is the simplest option among the above options. However, it lacks of flexibility and may impact the number of available DL symbols. Besides, this option may cause conflicts with the dynamic SFI. Option 1-3 is more flexible than Option 1-1. However it will increase the L1 signaling overhead. 
Option 2 is more flexible than Option 1 and does not cause additional overhead, but the reliability will be influenced if SFI is configured and not received. Considering the situation that SFI is configured and not received will not happen frequently. Option 2 is preferred. Option 2-4 is simpler than Option 2-1 but will impact the repetition reliability. Option 2-1 is preferred in case SFI is configured and received.
Proposal 4: For dynamic scheduled PUSCH with SFI configured, Option 2 is preferred. In case SFI is configured and received, Option 2-1 is preferred.
For CG PUSCH other than the first Type 2 CG PUSCH (including all the repetitions) activated by an UL grant. In case SFI is configured, options are as follows [2].
· Option 1: behavior not dependent on dynamic SFI
· Option 1-2: Semi-static DL/flexible symbols are not used for PUSCH. Segmentation occurs around semi-static DL/flexible symbols.
· Option 2: the UE uses SFI to determine the symbols to transmit
· In case SFI is configured and received
· Option 2-1: Segmentation occurs around semi-static DL symbols and dynamic DL/flexible symbols
· Option 2-4: a repetition is not transmitted if it conflicts with a semi-static DL symbol and a dynamic DL/flexible symbol
· In case SFI is configured and not received
· A repetition is not transmitted if it conflicts with a semi-static flexible symbol.
For the same consideration, Option 2 is preferred. In case SFI is configured and received, Option 2-1 is preferred.

Proposal 5: For CG PUSCH other than the first Type 2 CG PUSCH (including all the repetitions) activated by an UL grant with SFI configured, Option 2 is preferred. In case SFI is configured and received, Option 2-1 is preferred.
For the first Type 2 CG PUSCH (including all the repetitions) activated by an UL grant, two options are as follows [2].
· Alt 1: same behavior as DG PUSCH
· Alt 2: same behavior as CG PUSCH without an associated UL grant

Considering the difference between the first Type 2 CG PUSCH (including all the repetitions) activated by an UL grant and DG PUSCH can be ignored, Alt 1 should be supported. 
Proposal 6: For the first Type 2 CG PUSCH (including all the repetitions) activated by an UL grant, Alt 1 should be supported.
TBS Determination
TBS determination has been discussed for several times. There are mainly two views. The first support to determine TBS based on the number of REs of one repetition. While the second one support to determine TBS based on the number of REs of all the repetitions. Determine TBS based on all repetitions will lead to quite high code rate for each actual repetition and affect decoding performance, so determine TBS based on the number of REs of one repetition should be supported and further discussed.
Another issue is to determine which repetition should be used for TBS determined. There are several options to be considered. 
· Option a: Based on the first repetition
· Option c: Based on the shortest repetition
· Option b: Based on the longest repetition for option 6
· Option d: Based on the nominal repetition for option 4

Option a and option b has a risk of too low effective coding & spectral efficiency rate issue which is difficult to solve. Option c and option d may lead to quite high code rate when the actual repetition is too small after segmentation. Since this problem can be improved by using a higher modulation order, TBS based on the longest repetition for option 6 and the nominal repetition for option 4 should be supported and further discussed. To avoid too high code rate issue, consider the following simple solution: For actual repetitions whose lengths are smaller than a certain degree, the modulation order should be raised to a higher level to guarantee the normal code rate. The certain degree should be related to the length of the longest repetition (option 6) or the nominal repetition (option 4).
Proposal 7: It should be supported to determine TBS based on the nominal PUSCH for Option 4 or the longest PUSCH for Option 6.
Proposal 8: If the above proposal is supported, for actual repetitions whose lengths are smaller than a certain degree, the modulation order should be raised to a higher level to guarantee a proper code rate. The certain degree should be related to the length of the longest repetition (option 6) or the nominal repetition (option 4).
Redundancy Version
In Rel-15, every repetition has the same length, the performance will be best when the transmission order is RV 0, 2, 3, 1. For option 4 and option 6, the length of actual repetitions may be different because of the split, so RV sequence should be designed to reach the best performance. Here the following two options are considered to determine the redundancy version for actual repetitions.
To illustrate the two options, take the following repetition case as an example. For option 4, considering the condition that there are four PUSCH repetitions, and the length of nominal repetition is 5. The third one is split into two repetitions because of the slot boundary. The original third repetition transmits RV3. 
· 
Option a: Using the reversed order of bits of a RV in the 2nd segment of a nominal repetition. (RV3’ denotes the first half of RV3,  denotes the reversed order of bits of RV3)


Figure 4 Option a for the redundancy version of the split repetitions
· Option b: Cycling RVs through the longest repetitions firstly, and RV cycling without RV0 for the remaining segment repetitions. (RV1’ and RV2’ denotes the first half-length of RV1 and RV2 respectively)


Figure 5 Option b for the redundancy version of the split repetitions
Option b has uneven use of different RV number and may transmit the same bits for several times, but it has fewer impact on the specifications than option a.
Proposal 9: Support either option a or option b to determine RV for each actual repetition. 
Conclusions
In this contribution, we discuss the issue about definition of L, orphan symbols, interaction with DL/UL directions, TBS determination, RV determination of repetitions. Observations and proposals are given as follows.
Observation 1: Allow the value of L can be larger than 14 has no obvious advantage but will affect existing specifications and operations.
Proposal 1: L>14 shouldn’t be supported.
Observation 2: There is no difference between the impact of dropping ‘orphan symbols’ and postponing one repetition to avoid the appearance of ‘orphan symbols’.
Proposal 2: Don’t deal with ‘orphan symbols’ in the way that postponing one repetition to avoid the appearance of ‘orphan symbols’.
Proposal 3: Determine ‘orphan symbols’ according to the length of one nominal repetition and effective code rate for segmented PUSCH.
Proposal 4: For dynamic scheduled PUSCH with SFI configured, Option 2 is preferred. In case SFI is configured and received, Option 2-1 is preferred.
Proposal 5: For CG PUSCH other than the first Type 2 CG PUSCH (including all the repetitions) activated by an UL grant with SFI configured, Option 2 is preferred. In case SFI is configured and received, Option 2-1 is preferred.
Proposal 6: For the first Type 2 CG PUSCH (including all the repetitions) activated by an UL grant, Alt 1 should be supported.
Proposal 7: It should be supported to determine TBS based on the nominal PUSCH for Option 4 or the longest PUSCH for Option 6.
Proposal 8: If the above proposal is supported, for actual repetitions whose lengths are smaller than a certain degree, the modulation order should be raised to a higher level to guarantee a proper code rate. The certain degree should be related to the length of the longest repetition (option 6) or the nominal repetition (option 4).

Proposal 9: Support either option a or option b to determine RV for each actual repetition. 
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