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Introduction
In RAN1 NR #96bis meeting [1] and #97 meeting [2], the following agreements and conclusions were achieved for PUSCH enhancements.
R1-1905702
Agreements:
· Option 5 is not considered further as part of PUSCH enhancements.
R1-1905815
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
R1-1905885
Agreements:
For option 6,
· For dynamic PUSCH
· For semi-static DL symbol(s), to down-select
· 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.
· 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 type 1 configured grant PUSCH, and PUSCH other than the first PUSCH (including all repetitions) associated with the type 2 configured grant activation,
· If a repetition conflicts with semi-static DL symbol(s), the repetition is not transmitted. 
· FFS: If a repetition conflicts with dynamically indicated DL symbol(s) (via format 2_0), the repetition is not transmitted. 
· FFS For the first PUSCH (including all repetitions) associated with the type 2 configured grant activation, follow the same handling as dynamic PUSCH.
Agreements:
· For option 6, at least for dynamic grants, it is not expected that one repetition (i.e., one SLIV) spans across slot boundary.
Agreements:
For both option 4 and 6, frequency hopping is supported
· FFS details
R1-1907861	
Agreements:
· Adopt option 4 with the following update:
· 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.
· FFS the detailed interaction with the procedure of UL/DL direction determination
In this contribution, we further discuss the issue about redundancy version of repetitions and DMRS assignments for split repetitions. Moreover, we focus on the issue about TBS determination.
TBS Determination
In the former discussion, Different TBS determination mechanisms were raised which can be divided into two main types. 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. Considering that the second one will lead to quite high code rate for each actual repetition and affect decoding performance in the end, TBS based on the number of REs of one repetition should be supported and further discussed.
The actual repetitions may have different lengths, so it is another issue 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 1: It should be supported to determine TBS based on the nominal PUSCH for Option 4 or the longest PUSCH for Option 6.
Proposal 2: 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
The transmitted bits after channel coding are saved in a circle buffer, and the start position to take the transmitting bits depends on the 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. Even though the redundancy version is same, the transmitting bits may be different. So the transmitting order should be designed to reach the best performance. Here three options are proposed to determine the redundancy version for actual repetitions.
To illustrate the three 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: The first repetition after the split transmits RV3’ (the first half of RV3). And the second repetition after the split transmits  (the start position is that of RV0, but the transmission direction is opposite to RV0, which is actually the last half of RV3). The rest repetitions using the original RV.


Figure 1 Option a for the redundancy version of the split repetitions
· Option b: The first repetition after the split transmits RV3’ (the first half-length of RV3). And the second repetition after the split transmits RV3” (another half-length of RV3). And the rest repetitions using the original RV. 


Figure 2 Option b for the redundancy version of the split repetitions
· Option c: The first repetition transmits RV3’ (the first half-length of RV3). And the second repetition transmits RV1’ (the first half-length of RV1). And the original fourth repetition, the fifth repetition now, transmits RV0.


Figure 3 Option c for the redundancy version of the split repetitions

Option c is the simplest solution and has less impact on the specifications, but under this option, the split will result in a particularly uneven use of the redundancy version, which will seriously affect the demodulation performance. Option a and option b don’t have the uneven use issue, but option b will have a big impact on the specifications due to the introduction of new start points of redundancy versions. So the method to change the redundancy version direction in option a can be further studied.
Proposal 3: For segmentation repetitions, considering the option of transforming the redundancy version direction. 
DMRS Assignments for Split Repetitions
For option 4, when one nominal repetition is split into multiple repetitions, DMRS position in every new repetition should be studied. To demodulation, one repetition should has one column DMRS at least. 
If there is no DMRS after splitting in one repetition, to facilitate the operation, it can add one column DMRS at the beginning of this repetition. 



If there is one or more DMRS(s) after splitting in one actual repetition, the original number and position of DMRS after splitting can be reused. The advantage of this method is the simple operating, but when the split repetition has not so many symbols, original DMRS is not all contained which will affect the accuracy of channel estimation. In this case, the “lost original DMRS” can be added to a proper location or dropped in the actual repetition, and whether to drop or add the “lost original DMRS” depends on the number of symbols between the split location and the previous DMRS. If the number of symbols between the split location and the previous DMRS is less than m, drop the “lost original DMRS”. Otherwise, the “lost original DMRS” is placed at the mth symbol after the previous DMRS. Where , refers to the coefficient which is to be determined and  is the number of symbols between the original two columns DMRS.


For example, as illustrated in Figure 5 and Figure 6 and Figure 7, where a nominal repetition contains eight symbols and two columns DMRS (). Set , then the “lost original DMRS” will be dropped or added in the 4th symbol after the first DMRS. In Figure 5 and Figure 6, the “lost original DMRS” is added. In Figure 7, it is dropped. 


[bookmark: _Ref14289052]Figure 5 The second repetition is split into two actual repetitions in the 6th symbol


[bookmark: _Ref14286503]Figure 6 The second repetition is split into two actual repetitions in the 5th symbol


[bookmark: _Ref14286593]Figure 7 The second repetition is split into two actual repetitions in the 4th symbol
Observer 1: For option 4 and option 6, if the number and position of DMRS are determined as in Rel.15, the demodulation performance may be affected due to the drop of DMRS after the split.
Proposal 4: For option 4 and option 6, the number and position of DMRS in Rel.15 can be reused with the following modifications. If there is no DMRS after splitting in one repetition, add one column DMRS at the beginning of this repetition. If there is one or more DMRS(s) after splitting in one actual repetition, the “lost original DMRS” can be added to a proper location or dropped in the actual repetition, and whether to drop or add the “lost original DMRS” depends on the number of symbols between the split location and the previous DMRS. 
· 


If the number of symbols between the split location and the previous DMRS is less than m, drop the “lost original DMRS”. Otherwise, the “lost original DMRS” is placed at the mth symbol after the previous DMRS. Where , refers to the coefficient,  is the number of symbols between the original two columns DMRS.

Proposal 5: If the above proposal is support, it should be further discussed the value of . 
Conclusions
In this contribution, we discuss the issue about TBS determination, redundancy version of repetitions and DMRS assignments. Proposals are given as follows.
Proposal 1: It should be supported to determine TBS based on the nominal PUSCH for Option 4 or the longest PUSCH for Option 6.
Proposal 2: 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 3: For segmentation repetitions, considering the option of transforming the redundancy version direction. 
Observer 1: For option 4 and option 6, if the number and position of DMRS are determined as in Rel.15, the demodulation performance may be affected due to the drop of DMRS after the split.
Proposal 4: For option 4 and option 6, the number and position of DMRS in Rel.15 can be reused with the following modifications. If there is no DMRS after splitting in one repetition, add one column DMRS at the beginning of this repetition. If there is one or more DMRS(s) after splitting in one actual repetition, the “lost original DMRS” can be added to a proper location or dropped in the actual repetition, and whether to drop or add the “lost original DMRS” depends on the number of symbols between the split location and the previous DMRS. 
· 


If the number of symbols between the split location and the previous DMRS is less than m, drop the “lost original DMRS”. Otherwise, the “lost original DMRS” is placed at the m-th symbol after the previous DMRS. Where , refers to the coefficient,  is the number of symbols between the original two columns DMRS.

Proposal 5: If the above proposal is support, it should be further discussed the value of . 
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