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Introduction
In RAN1 NR #100 meeting [1], the following agreements and conclusions were achieved for PUSCH enhancements.
Agreements:
· For the initial Type 2 CG PUSCH transmission, the TDRA table follows the activating DCI.
· For the initial Type 2 CG PUSCH transmission with PUSCH repetition type A or B, the number of repetitions is provided by the activating DCI via numberofrepetitions if it is present in the corresponding TDRA table; otherwise, the number of repetitions is provided by repK.
Agreements:
· For the initial Type 1 CG PUSCH transmission with PUSCH repetition type B, 
· If one and only one of DCI formats 0_1 and 0_2 is configured with PUSCH repetition type B, the TDRA table corresponding to the DCI format (0_1 or 0_2) configured with PUSCH repetition type B is used. 
· If both 0_1 and 0_2 are configured with PUSCH repetition type B, the TDRA table corresponding to DCI format 0_1 is used.
· Note: For the initial Type 1 CG PUSCH transmission with PUSCH repetition type B, the case of none of the DCI formats 0_1 and 0_2 is configured with PUSCH repetition type B is an error case
· For the initial Type 1 CG PUSCH transmission, if it is configured with PUSCH repetition type A, use the TDRA table for USS in Rel-15.
· For the initial Type 1 CG PUSCH transmission with PUSCH repetition, the number of repetitions is provided via numberofrepetitions if it is present in the corresponding TDRA table; otherwise, the number of repetitions is provided by repK.
· FFS the value range of repK is extended for R16 repetition type A and/or type B
Agreements:
· For PUSCH repetition type B, L<=14
Agreements:
For PUSCH repetition type B, support the following frequency hopping:
· Inter-PUSCH-repetition FH
· Details FFS
· Inter-slot FH
· FFS Intra-PUSCH-repetition FH
Agreements:
The column on the number of repetitions numberofrepetitions is always present in PUSCH-TimeDomainResourceAllocationList-ForDCIformat0_1 and PUSCH-TimeDomainResourceAllocationList-ForDCIformat0_2.
· For DG with PUSCH repetition type A, if numberofrepetitions is present in the corresponding TDRA table, the number of repetitions is given by numberofrepetitions. Elseif the UE is configured with pusch-AggregationFactor, the number of repetitions is given by pusch-AggregationFactor. Otherwise the number of repetitions is 1.
· For DG with PUSCH repetition type B, the number of repetitions is given by numberofrepetitions.
Note that pusch-TimeDomainAllocationList-ForDCIformat0_1/2 needs to be configured for PUSCH repetition type B.
Agreements:
For PUSCH repetition type A and type B, the number of bits to indicate numberofrepetitions is 3. 
· {1, 2, [3], 4, [6], 7, [8], 12, 16} are supported.
· FFS whether to have a limit on the number of nominal repetitions in a slot
Agreements:
For how to indicate S and L in the TDRA table for PUSCH repetition type B, S and L are separately indicated (4-bit for S and 4-bit for L).
· S is from 0 and [13], L is from [1] to 14.
· Note: The additional restrictions for a particular waveform and/or DMRS mapping type from R15 are still applicable
Agreements:
For both DG and CG with PUSCH repetition type B, the TBS is determined based on L indicated in TDRA table entry reusing Rel-15 mechanism.
Agreements:
For Type 1 CG with PUSCH repetition type B, introduce a new RRC parameter frequencyHopping-PUSCHRepTypeB per CG configuration to indicate the frequency hopping scheme, and reuse Rel-15 parameter frequencyHoppingOffset to determine the frequency locations.
· For Type 1 CG with PUSCH repetition type B, if frequencyHopping-PUSCHRepTypeB is not configured, frequency hopping is not enabled.
Agreements
Introduce a new RRC parameter frequencyHopping-ForDCIFormat0_1.
· 	This parameter can only be configured when PUSCHRepTypeIndicator-ForDCIFormat0_1 is set to ‘pusch-RepTypeB’.
Agreement (RRC impact)
For DG PUSCH with PUSCH repetition type B, if dynamic SFI is configured, introduce a first RRC parameter that indicates one pattern for invalid symbols for PUSCH transmission repetition type B applicable to both DCI format 0_1 and 0_2, and introduce a second RRC parameter for each of DCI format 0_1 and 0_2 to indicate the presence of an additional bit in the DCI to indicate whether the pattern applies or not.
•	If the first RRC parameter is not configured, semi-static flexible symbols are used for PUSCH. Segmentation occurs only around semi-static DL symbols.
•	If the first RRC parameter is configured and the additional bit exists in a DCI, 
· Value ‘0’ means semi-static flexible symbols are used for PUSCH, and segmentation occurs only around semi-static DL symbols.
· Value ‘1’ means that segmentation occurs around semi-static DL symbols and invalid symbols in the pattern, and the remaining symbols are used for PUSCH.
•	If the first RRC parameter is configured and the additional bit does not exist in a DCI, segmentation occurs around semi-static DL symbols and invalid symbols in the pattern, and the remaining symbols are used for PUSCH.
•	The first RRC parameter reuses the pattern definition of rateMatchPattern in time domain for PDSCH.
Note: Qualcomm has concerns over the above feature in terms of UE complexity. Majority of companies do not see this issue.
Agreements:
For CG PUSCH with PUSCH repetition type B, if dynamic SFI is configured, segmentation occurs at least around semi-static DL symbols, which results in actual repetitions.
· If dynamic SFI is received for the entire duration of an actual repetition, an actual repetition is not transmitted if it conflicts with a dynamic DL/flexible symbol.
· If dynamic SFI is not received for at least one symbol of an actual repetition, an actual repetition is not transmitted if it conflicts with a semi-static flexible symbol.
· FFS the handling of semi-statically configured invalid symbols for PUSCH repetition type B transmissions (if supported)
Note that the cancellation behavior is the same as Rel-15, including Rel-15 cancellation timeline
Possible Agreement (from R1-1913577)
Introduce an RRC parameter that configures a value Y in unit of symbols ({1, 2}), indicating that Y semi-static flexible[/UL] symbols immediately following semi-static DL symbols shall not be used for Rel-16 PUSCH transmission. If not configured, Y=0 is assumed.
· 	If configured, the symbol(s) are treated the same way as semi-static DL symbols for PUSCH repetition type B transmission.
Agreement:
For DG PUSCH with PUSCH repetition type B, the RV for the first repetition is provided by DCI, and RV cycling is done across the repetitions using the RV sequence of {0, 2, 3, 1}.
· “repetition” means nominal or actual repetition
Possible Agreement (from R1-1913577)
For CG PUSCH with PUSCH repetition type B, RV cycling is done across repetition following the sequence in repK-RV,
· Option 1: the first repetition uses the first value in repK-RV
· Option 2: in case “repetition” means actual repetition, the first value in repK-RV is applied to the largest actual repetition, and the RV cycling follows that.
· FFS “repetition” means nominal or actual repetition
· FFS In case “repetition” means nominal repetition, whether the same RV applies to all the actual repetitions corresponding to a nominal repetition.
Agreements:
For CG PUSCH with PUSCH repetition type B, RV cycling is done across repetition following the sequence in repK-RV,
· the first repetition uses the first value in repK-RV
·  “repetition” means actual repetition
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 in rel-16, the length of actual repetitions may be different because of the split, so RV sequence should be designed to reach the best performance. Some remaining issues and options still need to be considered.
·  RV cycling across nominal repetitions or actual repetitions:
RV cycling across nominal repetitions is easy to implement, but decoding performance is	not the best, which has a same effect on performance as R15. The only difference is whether each repetition has the same length. R16 should have an enhancement on retransmission performance.  The greater the difference between adjacent data transfers, the more information provided, and the better the performance. So RV cycling with finer granularity needs to be supported.
· Proposal1:  RV cycling across should base on actual repetitions
Besides, there are two options when RV cycling is done across repetition following the sequence in repK-RV for CG PUSCH with PUSCH repetition type B:
· Option 1: the first repetition uses the first value in repK-RV
· Option 2: in case “repetition” means actual repetition, the first value in repK-RV is applied to the largest actual repetition, and the RV cycling follows that.
· FFS “repetition” means nominal or actual repetition
We think for simplicity, option 2 is preferred, and repetition in this option means actual repetition. 
· Proposal 2: For simplicity, option 1 is preferred, that is the first repetition uses the first value in repK-RV.
Frequency hopping
In the last RAN1#99 meeting, inter-PUSCH-repetition FH and Inter-slot FH are supported. For Type 1 CG with PUSCH repetition type B, how to reuse the R15 RRC Rel-15 RRC parameters to determine the frequency location and introduce new RRC parameters to indicate the frequency hopping scheme are also agreed. There are some remaining issues as follows:
· FFS Intra-PUSCH-repetition FH
· How to determine the FH scheme and the offset for type2 CG?
· Nokia/NSB[12], DOCOMO (with a modification for Type 2CG)
· For Type 2 CG, the frequency hopping scheme and the frequency hopping offset follow the activating DCI (same as the transmission scheme).
· OPPO[13]: For Type 1 CG with PUSCH repetition type B, e.g. Hopping offset is configured per each hopping. 
For intra-PUSCH repetition FH, it is not necessary. Some repetition after segmentation may be very short, such as only 2 or 3 symbols. The effect of frequency hopping for interference randomization on will not be obvious. Further, Hopping offset and pattern need to be configured per each hopping. Intra-PUSCH repetition FH may lead to a heavy overhead for hopping configuration and indication.
· Proposal3: Intra-PUSCH-repetition FH is not necessary for PUSCH repetition type B
As for how to determine the FH scheme and the offset for type2 CG, scheme proposed by Nokia and Docomo should be supported. That is the frequency hopping scheme and the frequency hopping offset follow the activating DCI (same as the transmission scheme).
· Proposal4: For type 2 CG, the frequency hopping scheme and the frequency hopping offset follow the activating DCI (same as the transmission scheme).
DMRS Determination
RAN1 98bis meeting has made an agreement that do not support PUSCH mapping type A for option 4. As for PUSCH mapping type B with single-symbol DMRS in R15, the first single DMRS symbol always located in the first symbol of PUSCH data transmission, and the other DMRS columns are arranged at regular symbol intervals and in fixed positions as the following figure. In R16 PUSCH mapping type B scheme, PUSCH transmission segmentation occurs frequently around some invalid symbols, flexible symbols and DL symbols. Hence, the DMRS after data segmentation not always locate in the first symbol of different repetitions. 
We propose that if the repetition includes single-symbol DMRS, it can be used directly without any modification and assign.  And vice, add a new single-symbol DMRS column at the beginning of each repetition for the best demodulation performance. 
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Figure 1. Single-symbol DMRS distribution for PUSCH mapping type B in R-15
· Proposal5：If the repetition includes single-symbol DMRS, it can be used directly without any modification and assign.  And vice, add a new single-symbol DMRS column at the beginning of each repetition for the best demodulation performance.
In PUSCH mapping type B scheme , the number of DMRS columns can vary flexibly according to the length of the PUSCH repetitions. For a long PUSCH repletion, it can have more than one single-symbol DMRS columns, which will has no effect on demodulation performance. But, when 2-symbol DMRS is support in each repetition, it will lead to a lower effective coding rate & spectral efficiency for a short repetition, as well as lead to DMRS splitting and some orphan symbols issues. So the 2-symble DMRS scheme adds the complexity without performance improvement.
If there is no DMRS after splitting in one repetition, it can add one column DMRS at the beginning of this repetition for simplified operations. Because it’s too complicated to assign DMRS in the appropriate position (e.g. in the middle of repetition) for better demodulation performance. 
· Proposal 6：There is no need to support 2-symbol DMRS for PUSCH mapping type B.
Handling of orphan symbols
RAN1#99 meeting agree that in case of a repetition with orphan symbol(s), down-select from the following:
•	Option 1: no special handling (i.e. the repetition is transmitted as usual)
•	Option 2: no transmission
•	FFS: whether 1 and/or 2 symbols (and the corresponding conditions) are considered as a repetition with orphan symbol(s) (depending on whether 2-symbol DMRS is supported or not)
In section 4, we proposed 2-symbol DMRS is not necessarily to be supported, which will not lead to orphan DMRS symbol and has no effect on the decoding performance. Thus, in this case, we think option 1 is more easier to implement.
· Proposal7:  Option 1: no special handling of orphan symbols is preferred.
Conclusions
In this contribution, we discuss the issue about orphan symbols, interaction with DL/UL directions, frequency hopping, RV determination of repetitions and DMRS determination. Observations and proposals are given as follows.
Proposal1:  RV cycling across should base on actual repetitions
Proposal 2: For simplicity, option 1 is preferred, that is the first repetition uses the first value in repK-RV.
Proposal3: Intra-PUSCH-repetition FH is not necessary for PUSCH repetition type B

Proposal4: For type 2 CG, the frequency hopping scheme and the frequency hopping offset follow the activating DCI (same as the transmission scheme).
Proposal4: For type 2 CG, the frequency hopping scheme and the frequency hopping offset follow the activating DCI (same as the transmission scheme).

Proposal5：If the repetition includes single-symbol DMRS, it can be used directly without any modification and assign.  And vice, add a new single-symbol DMRS column at the beginning of each repetition for the best demodulation performance.

Proposal 6：There is no need to support 2-symbol DMRS for PUSCH mapping type B.

Proposal7:  Option 1: no special handling of orphan symbols is preferred.
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