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1. Introduction
In the RAN1#97 meeting, following agreements were achieved for PUSCH enhancements [1]: 
	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 discussed the detailed design for PUSCH enhancements using adopted option 4.  

2. Detailed design for Option 4
The agreements regarding option 4 are as following:
	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. 
· FFS the detailed interaction with the procedure of UL/DL direction determination
· 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.

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




In the following, we provide our views on time-domain resource allocation, especially the interaction with the procedure of UL/DL direction determination, DMRS design in case of segmentation, frequency hopping schemes and other remaining issues.
2.1. Time-domain resource allocation
Based on discussion in the last meeting, different companies have different understandings on the time-domain resource for the first repetition, whether to allow there is unavailable symbol(s) e.g. semi-statically configured DL symbol(s) for the first repetition. By dynamically adjusting the L and K, the conflicting resource can be avoided at least for the 1st repetition, it can work well for dynamic PUSCH. However, it cannot work well for configured grant PUSCH. In addition, by adjusting L and K, either latency is increased to postpone the resource allocation for 1st repetition or the spectrum efficiency is reduced since smaller L and larger K is needed to ensure the reliability. In fact, by interpreting above agreements highlighted in yellow, it was already agreed that the 1st nominal repetition can contain the DL/UL switching point and the 1st nominal repetition can split into multiple PUSCH repetitions. 

Observation 1:
· For the first nominal repetition, it was already agreed that the resource allocation by DCI or TDRA parameter in the type 1 configured grant can contain the DL/UL switching point and/or cross slot boundary.

Then next question is whether the unavailable symbol(s) for the 1st repetition and remaining repetitions are counted as part(s) of allocated resource for transmission. In other words, the definition for L and K [FL summary] should be clarified. Two options are proposed as following:
· Opt.1: L*K represents the nominal number of symbols, i.e. the time window within which valid UL symbols are used for transmission.
· Opt.2: L*K represents the total number of actual symbols for UL transmission (i.e. postpone in case of DL slots/symbols).
If option 1 is adopted, either reliability will be compromised, or the spectrum efficiency will be reduced. For example, as shown in Fig.1 below, for a given traffic, 7 symbol and 2 repetitions i.e., totally 14 symbol transmission length can meet the reliability requirements. There are two semi-static DL symbols appear in the beginning of the second repetition. If the two DL symbols are dropped as show in Fig.1b, the total transmission length becomes to 12 symbols, the reliability is compromised; If adjusting the L, as shown in Fig. 1c, L=9, the total transmission length becomes to 16 symbols, although the reliability is ensured; while spectrum efficiency is decreased.
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Fig. 1 illustration for interaction with DL symbols for PUSCH repetition 
Therefore, option 2 is preferred to achieve the spectral efficiency and reliability at the same time. As shown in Fig.1d, since the semi-static DL symbols are known between gNB and UE, there is no misunderstanding, it is preferred to postpone the transmission. On the other hand, if such DL symbols are indicated by dynamic SFI, Rel.15 UE behavior can be applied. In summary, for PUSCH repetitions including the first repetition, following are the preferred UE behavior on interaction with the procedure of UL/DL direction determination: 
· For dynamic PUSCH scheduled by a UL grant, 
· If the resource allocation has conflict with semi-static DL symbol(s), the resource is not valid for PUSCH mapping, UE should postpone the repetition to the next available symbols.
· It is not expected that the resource allocation has conflict with dynamically indicated DL and/or flexible symbol(s) via DCI format 2_0. 
· For configured grant PUSCH including Type 1 and Type 2, 
· If the resource allocation has conflict with semi-static DL symbol(s), the resource is not valid for PUSCH mapping, UE should postpone the repetition to the next available symbols.
· If the resource allocation has conflict with dynamically indicated DL and/or flexible symbol(s) via DCI format 2_0, the repetition is not transmitted. 

Proposal 1:
· For dynamic PUSCH scheduled by a UL grant, 
· If the resource allocation has conflict with semi-static DL symbol(s), the resource is not valid for PUSCH mapping, UE should postpone the repetition to the next available symbols.
· It is not expected that the resource allocation has conflict with dynamically indicated DL and/or flexible symbol(s) via DCI format 2_0. 
· For configured grant PUSCH including Type 1 and Type 2, 
· If the resource allocation has conflict with semi-static DL symbol(s), the resource is not valid for PUSCH mapping, UE should postpone the repetition to the next available symbols.
· If the resource allocation has conflict with dynamically indicated DL and/or flexible symbol(s) via DCI format 2_0, the repetition is not transmitted. 

2.2. Frequency-hopping schemes
For FH, based on agreements in RAN1 AH#1901 [2], at least inter-PUSCH-repetition hopping and inter-slot hopping is supported. It is not clear whether other FH schemes are further necessary. Regarding the number of hops, whether to support more than 2 hops was already discussed in Rel.15 but the substantial gain has not been identified and hence has not been supported. The same consequence would be applied to mini-slot repetition.
Regarding detailed hopping pattern, Rel.15 hopping patterns can simply be re-used. For inter-PUSCH-repetition hopping, even repetitions start from RBstart, while odd repetitions start from (RBstart + RBoffset) mod NBWP. For inter-slot hopping, repetitions in slot 2n start from RBstart, while repetitions in slot 2n+1 start from (RBstart + RBoffset) mod NBWP.
Proposal 2:
· 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.
2.3. DMRS, RV, FH, TBS determination in case of segmentation 
When a repetition goes across the slot boundary or DL/UL switching point, it splits to multiple repetitions. Further discussion is needed on handling of the segment transmission for following:
· Whether/How to handle the segment transmission consisting of small number of symbols, e.g. 1 symbol. 
· What is the DMRS configuration for the segment transmission?
· What is the RV used for the segment transmission?
· What is FH for the segment transmission?
· How to maintain the same TBS for the segment transmissions as non-segment repetition?
For the segment transmission consisting of small number of symbols, simple handling is preferred like by gNB’s scheduling to avoid the segment transmission containing extreme small number of symbols. Therefore, it is not necessary to optimize such case. 
Proposal 3:
· It is not necessary to optimize the case that one segment transmission containing 1 symbol.

Regarding the DMRS configuration, Rel.15 defines two DMRS mapping types. For mapping type A, the first DMRS is located in symbol 2 or 3 of the slot; for mapping type B, the first DM-RS is located in the first symbol of the data allocation. For Rel.16 PUSCH repetition, given the repetition is assumed to be consecutive in time-domain unless there is DL/UL switching points, it is sufficient and simpler to only support DMRS mapping type B for all repetitions. In addition, there are also two DMRS types defined, DMRS Type 1 and Type 2, differing in the maximum number of orthogonal RS. Both Types can be supported for Rel.16 PUSCH repetitions for covering different use cases.
Proposal 4:
· For PUSCH repetition based on option 4, 
· It is sufficient to only support PUSCH mapping Type B.
· Both DMRS Type 1 and Type 2 are supported.
When a nominal repetition is segmented to multiple repetitions, the DMRS configuration for each segment repetition needs to be defined. Following options illustrated in Fig.2 can be considered:
· Option 1: support only front-loaded single DMRS for each repetition. 
· Option 2: specific/default DMRS configuration is defined based on the actual transmission length for each repetition.
· Option 3: same DMRS configuration as the repetition without segmentation can be used, if each repetition contains the DMRS; otherwise, default/specific DMRS based on actual transmission length or front-loaded single DMRS can be used for each repetition.   
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Fig. 2 DMRS configuration in case of segmentation
Option 1 is simple has lest specification impact. It works well when the transmission length for each segmentation is smaller than 5. When one segment transmission with the length larger than 5 and transmitted in different slot compared with other segmentations, only support front loaded single DMRS may decrease the performance. 
Compared to option 1, option 2 can achieve better performance since the DMRS symbols, locations are determined based on the actual transmission length of each segmentation. However, additional specification efforts are required.
Option 3 can be viewed as a compromise between option 1 and option 2. 
Proposal 5:
· Following options can be considered to determine the DMRS configuration for each segmented transmission
· Option 1: support only front-loaded single DMRS for each repetition. 
· Option 2: specific/default DMRS configuration is defined based on the actual transmission length for each repetition.
· Option 3: same DMRS configuration as the repetition without segmentation can be used, if each repetition contains the DMRS; otherwise, front-loaded single DMRS can be used for each repetition.

For RV, the following 2 options illustrated in Fig.3 can be considered when a nominal repetition is segmented to multiple repetitions:
· Option 1: use same RV for segmented PUSCHs as original RV for PUSCH before segmentation. 
· Option 2: use same RV for the first segmented PUSCH as original and next RV from the RV sequence for the original PUSCH.
Mapping a RV for quite short duration PUSCH may lead to degradation of decoding performance. Thus, option 1 is preferred from this performance perspective.
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Fig. 3 RV configuration in case of segmentation

Proposal 6:
· In case of segmentation, RV for segmented PUSCHs is same as original RV for PUSCH before segmentation.

For FH, when segmentation happens, how the FH applied to the segmentation needs additional consideration. 
Similar as Rel.15, it is not necessary to enable both inter-PUSCH-repetition and inter-slot hopping at the same time. Therefore, in case only inter-PUSCH-repetition is enabled, for one nominal repetition split into multiple segmentations, two options can be considered:
Option 1 is each segment can be viewed as separated PUSCH, the FH is applied to each segment. Then the FH may have impacts on the remaining repetitions after the segment transmission.
Option 2 is each segment is still treated as part of original nominal repetition, same FH is applied to all segmentations. Option 2 has no impacts on the remaining repetitions after the segment transmission.
Considering the inter-PUSCH-repetition can already achieve large diversity gain, option 2 is slightly preferred. 
In case inter-slot hopping is enabled, depending on the segmentation happens within one slot or cross slot, whether FH is applied to the segment is determined. 

Proposal 7:
· In case inter-PUSCH-repetition is enabled, all segmentations are viewed as one ‘nominal’ repetition, same FH is applied to all the segmentations without FH between the segmentations. 
· In case inter-slot hopping is enabled, for segmentations within one slot, same FH is applied to all segmentation; for segmentations cross slot, different FH is applied to the segments in different slot. 
 
Regarding TBS, it changes by segmentation because time-domain resource is reduced when segmentation happens. In order to ensure that gNB can decode segmented PUSCH, TBS for the segmented PUSCH has to be same as other repetition PUSCHs. Therefore, how to maintain the same TBS for the segment transmissions as non-segment repetition needs to be considered. There are some options to handle the argument.
· Option 1: use reserved MCS index or fixed/configured modulation order
· Option 2: increase the number of PRBs
· Option 3: change MCS index other than reserved MCS index
· Option 4: increase the number of layers
With option 2, 3, and 4, it may be impossible to keep TBS since there would be no same TBS with some parameter sets.
With option 1, UE can always keep the TBS since TBS is assumed to be as determined from the DCI transported in the latest PDCCH for the same transport block using non-reserved MCS index, e.g. , when reserved MCS index, e.g. , is indicated to use. Therefore, we propose option 1 for segmentation case.

Proposal 8:
TBS determination can be based on the first nominal repetition. 
· To keep TBS for segmented PUSCH as the first nominal repetition, reserved MCS index, e.g. , is indicated to use.

2.4. Others
About the FFS L > 14, given the condition that S+L can be larger than 14 and L intends for the first repetition, the necessity to support L >14 is quite unclear. In Rel.15, time-domain resource allocation for a PUSCH adopts SLIV, where {start, length} within a 14-symbol slot is jointly indicated by a DCI field. To support S+L >14, one simple solution is to add one field in the DCI to indicate the reference symbol position; if this field indicates symbol #7 as the reference symbol position, then SLIV field in the DCI indicates {start, length’} of the first repetition, where the start is counted assuming that the indicated reference symbol position is start = 0. Addition of the new DCI field indicating the reference symbol position would be no more than 4 bits since one slot contains 14 symbols. Another possible solution is to use coarser granularity of time-domain resource allocation for 1st repetition; e.g., 2-symbol is considered as one unit for SLIV indication. By this, the actual S+L can be larger than 14.
Regarding the indication of repetitions in DCI, combination of higher layer configuration and L1 indication is preferred. In L1 signaling, either explicit field is introduced to indicate the repetition factor or joint indication for repetition and other features e.g. RV/RV sequence indication can be considered to reduce the overhead.  

Proposal 9:
· L<14.
· A number of repetition factors can be configured by higher layer, DCI can dynamically indicate one repetition factor.
· FFS explicit field or joint filed with other function(s) to indicate the repetition factor. 

3. Conclusion
In this contribution, details on option 4 based PISCH repetitions are discussed. Following proposals are made.
Proposal 1:
· For dynamic PUSCH scheduled by a UL grant, 
· If the resource allocation has conflict with semi-static DL symbol(s), the resource is not valid for PUSCH mapping, UE should postpone the repetition to the next available symbols.
· It is not expected that the resource allocation has conflict with dynamically indicated DL and/or flexible symbol(s) via DCI format 2_0. 
· For configured grant PUSCH including Type 1 and Type 2, 
· If the resource allocation has conflict with semi-static DL symbol(s), the resource is not valid for PUSCH mapping, UE should postpone the repetition to the next available symbols.
· If the resource allocation has conflict with dynamically indicated DL and/or flexible symbol(s) via DCI format 2_0, the repetition is not transmitted. 
Proposal 2:
· 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 3:
· It is not necessary to optimize the case that one segment transmission containing 1 symbol.
Proposal 4:
· For PUSCH repetition based on option 4, 
· It is sufficient to only support PUSCH mapping Type B.
· Both DMRS Type 1 and Type 2 are supported.
Proposal 5:
· Following options can be considered to determine the DMRS configuration for each segmented transmission
· Option 1: support only front-loaded single DMRS for each repetition. 
· Option 2: specific/default DMRS configuration is defined based on the actual transmission length for each repetition.
· Option 3: same DMRS configuration as the repetition without segmentation can be used, if each repetition contains the DMRS; otherwise, front-loaded single DMRS can be used for each repetition.
Proposal 6:
· In case of segmentation, RV for segmented PUSCHs is same as original RV for PUSCH before segmentation.
Proposal 7:
· In case inter-PUSCH-repetition is enabled, all segmentations are viewed as one ‘nominal’ repetition, same FH is applied to all the segmentations without FH between the segmentations. 
· In case inter-slot hopping is enabled, for segmentations within one slot, same FH is applied to all segmentation; for segmentations cross slot, different FH is applied to the segments in different slot. 
Proposal 8:
TBS determination can be based on the first nominal repetition. 
· To keep TBS for segmented PUSCH as the first nominal repetition, reserved MCS index, e.g. , is indicated to use.
Proposal 9:
· L<14.
· A number of repetition factors can be configured by higher layer, DCI can dynamically indicate one repetition factor.
· FFS explicit field or joint filed with other function(s) to indicate the repetition factor. 
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