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Introduction
In last RAN1 meeting, Rel-16 eURLLC WID was finished to improve reliability and latency with a variety of new features such as new DCI format, sub-slot configuration, new PUSCH repetition, UL cancellation indication and so on. However, there are some remaining issues to be resolved to provide intended features without any ambiguities. 
In this contribution, it will discuss a remaining issue for PUSCH. 
Frequency Hopping
In RAN 1 #99, it was agreed that:
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

For inter-PUSCH-repetition frequency hopping, it is better to avoid imbalance transmission between two hops to achieve maximum frequency diversity gain. On the other hand, cross repetition channel estimation might be helpful to improve the uplink coverage. It is better to bundle several repetitions on one frequency location and then hop to the other frequency location. Although coverage is not a target for this WI, unified solution is preferred if it is might be benefit for further extension and has no disadvantage compared with other solutions. In addition, considering there are only two frequency bands, it is not expected to have performance difference compared with hopping once than performing multiple hops between two frequency bands.
If the frequency-hopping pattern is agreed to have half and half of total repetitions, there is not much performance difference between following nominal repetition or actual repetition. It might be easier for gNB scheduler if the frequency-hopping pattern is based on nominal repetition.
For the special case of one repetition, gNB can disable frequency hopping by DCI. Alternatively, gNB can configure UE  with 2 nominal repetitions and less symbols per nominal repetition if frequency diversity gain is important. Moreover, since gNB can always configure a larger repetition number with less symbols per nominal repetition, there is no need to support intra-PUSCH-repetition FH. 
Proposal #1:  For Inter-PUSCH-repetition, the first  nominal repetition(s) is in the first hop and the rest of nominal repetition(s) is in the second hop, where K >1 is the number of nominal repetitions.
Proposal #2: Endorse the TP in section 2 for TS 38.214.
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6.3.1 
Frequency hopping for PUSCH repetition Type B
------------------------------------------------------- Unchanged Texts Omitted----------------------------------------------------
For PUSCH based on a Type1 configured UL grant the frequency offset is provided by the higher layer parameter frequencyHoppingOffset in rrc-ConfiguredUplinkGrant.
In case of inter-repetition frequency hopping and when K>1, [details to be added when agreements become available]. the starting RB in each hop is given by:

	,


where i=0 and i=1 are the first hop and the second hop respectively, and  is the starting RB within the UL BWP, as calculated from the resource block assignment information of resource allocation type 1 (described in Clause 6.1.2.2.2) and is the frequency offset in RBs between the two frequency hops. First  nominal repetition(s) are in the first hop, last  nominal repetition(s) are in the second hop , where K  is the number of nominal repetitions is given by numberofrepetitions. 

In case of inter-slot frequency hopping, the starting RB during slot  follows that of inter-slot frequency hopping for PUSCH Repetition Type A in Clause 6.3.1.

Number of repetition 
In RAN 1 #99, it was agreed that:
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

Compared with Rel-15 PUSCH repetition Type A, there is no need to introduce 3 repetitions or 6 repetitions since the range of L is not expected to be changed.  The combination of symbols can be easily achieved by 2 or 4 repetitions, or 4/7 repetitions.  On the other hand, in order to avoid dropping too many symbols the number of symbol(s) per repetition might be less. In order to achieve similar performance, larger number of repetition is needed. Considering the potential future extension, at least 32 repetitions is benefit. 
Proposal #3:
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, 32 } are supported.

DL/UL direction handling
In RAN 1 #98bis and #99, it was agreed that:
Agreements: (RAN1#98bis Chongqing)
· 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
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.

For the case of dynamic SFI is not configured, semi-static flexible symbols can be used for PUSCH transmission and segmentation occurs around semi-static DL symbols. For the case of dynamic SFI is configured, RRC is used to configured a pattern to indicate invalid symbol pattern, in order to create some “gaps” for other UL transmissions. The motivation is also valid when dynamic SFI is not configured. For CG when dynamic SFI is configured, although dynamic SFI can be used to cancel UL transmission to create “gaps”. However, the reliability of the DCI carrying SFI need to be ensured. In addition, considering the SFI is transmitted in a  group common DCI, changing semi-static flexible symbols result in a group of UEs to cancel their semi-static UL transmission and not expect to collide with their scheduled based UL transmission. This semi-static invalid symbol pattern is still needed, similar as the case of DG PUSCH when dynamic SFI is configured.  Therefore, we propose to support that the semi-statically configured invalid symbol pattern also applies to DG/CG when dynamic SFI is not configured, and CG when dynamic SFI is configured.
In addition, since the TDRA table for PUSCH repetition type B is configured by gNB. gNB can try to avoid orphan symbol(s) at least for dynamic grant. For configured grant, it might not be easy to avoid orphan symbol(s). However, there is no need to do special handling for orphan symbol(s) for configured grant. Even when there is only one orphan symbol in one actual repetition where may not be able to transmit any data for DFT-S-OFDM, the DMRS may help gNB to increase detection performance of PUSCH.  
Proposal #4: Support that the semi-statically configured invalid symbol pattern also applies to DG/CG when dynamic SFI is not configured, and CG when dynamic SFI is configured.
Proposal #5:No special handling on orphan symbol(s).
[bookmark: _GoBack]Proposal #6: Endorse the TP in section 4 for TS 38.214.
[bookmark: _Toc11352143][bookmark: _Toc20318033][bookmark: _Toc27299931][bookmark: _Toc29673204][bookmark: _Toc29673345][bookmark: _Toc29674338]6.1.2.1	Resource allocation in time domain
------------------------------------------------------- Unchanged Texts Omitted----------------------------------------------------
For PUSCH repetition Type B, the UE determines invalid symbol(s) for PUSCH repetition Type B transmission as follows:
-	A symbol that is indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated is considered as an invalid symbol for PUSCH repetition Type B transmission.
-	[If a UE is configured with higher layer parameter SlotFormatInficator, the] UE may be configured with the higher layer parameter InvalidSymbolPattern, which provides a symbol level bitmap spanning one or two slots (higher layer parameter symbols given by InvalidSymbolPattern). A bit value equal to 1 in the symbol level bitmap symbols indicates that the corresponding symbol is an invalid symbol for PUSCH repetition Type B transmission. The UE may be additionally configured with a time-domain pattern (higher layer parameter periodicityAndPattern given by InvalidSymbolPattern), where each bit of periodicityAndPattern corresponds to a unit equal to a duration of the symbol level bitmap symbols, and a bit value equal to 1 indicates that the symbol level bitmap symbols is present in the unit. The periodicityAndPattern can be {1, 2, 4, 5, 8, 10, 20 or 40} units long, but maximum of 40ms. The first symbol of periodicityAndPattern every 40ms/P periods is a first symbol in frame 𝑛𝑓 mod 4 = 0, where P is the duration of periodicityAndPattern in units of ms. When periodicityAndPattern is not configured, for a symbol level bitmap spanning two slots, the bits of the first and second slots correspond respectively to even and odd slots of a radio frame, and for a symbol level bitmap spanning one slot, the bits of the slot correspond to every slot of a radio frame. If InvalidSymbolPattern is configured, when the UE applies the invalid symbol pattern is determined as follows:
-	if InvalidSymbolPatternIndicator-ForDCIFormat0_1 is configured when the PUSCH is scheduled by DCI format 0_1, or if InvalidSymbolPatternIndicator-ForDCIFormat0_2 is configured when the PUSCH is scheduled by DCI format 0_2,
-	if [invalid symbol pattern indicator] field is set 1, the UE applies the invalid symbol pattern;
-	otherwise, the UE does not apply the invalid symbol pattern;
-	otherwise, the UE applies the invalid symbol pattern.
For PUSCH repetition Type B, after determining the invalid symbol(s) for PUSCH repetition type B transmission for each of the K nominal repetitions, the remaining symbols are considered as potentially valid symbols for PUSCH repetition Type B transmission. [If the number of potentially valid symbols for PUSCH repetition type B transmission is greater than zero for a nominal repetition, the nominal repetition consists of one or more actual repetitions, where each actual repetition consists of a consecutive set of potentially valid symbols that can be used for PUSCH repetition Type B transmission within a slot.] An actual repetition is omitted according to the conditions in Clause 11.1 of [6, TS38.213]. The redundancy version to be applied on the nth actual repetition (with the counting including the actual repetitions that are omitted) is determined according to table 6.1.2.1-2.
------------------------------------------------------- Unchanged Texts Omitted----------------------------------------------------

UCI piggybacked on PUSCH
[bookmark: _Ref23884619]For PUSCH repetition type B, due to unavailable OFDM symbols for PUSCH transmission during one nominal PUSCH repetition within one slot, one nominal PUSCH repetition might be segmented into multiple actual PUSCH repetition. Due to lower latency requirement of URLLC services, the multiple actual PUSCH repetitions of one nominal PUSCH repetition may overlap with a PUCCH carrying HARQ-ACK of PDSCH scheduled by PDCCH earlier then the PDCCH scheduling PUSCH repetition. In addition, the length of symbols of each actual PUSCH repetitions from one nominal PUSCH repetition may not be the same, and some of actual PUSCH repetition may be too short to guarantee the performance of multiplexed UCI. In order to guarantee the performance of multiplexed UCI, if a PUCCH carrying UCI overlapping with multiple actual PUSCH repetitions within one slot, UCI is multiplexed on one of first actual PUSCH repetitions with more OFDM symbols which can provide better performance. 
[bookmark: _Ref23932191]Proposal #7: If a PUCCH carrying UCI overlaps with multiple actual PUSCH repetitions from one nominal PUSCH repetition within one slot, UCI is multiplexed on one of first actual PUSCH repetitions with more OFDM symbols. 
Proposal #8: Endorse the TP in section 5 for TS 38.213.

9	UE procedure for reporting control information
------------------------------------------------------- Unchanged Texts Omitted----------------------------------------------------
If a UE transmits multiple PUSCHs in a slot on respective serving cells that include first PUSCHs that are scheduled by DCI formats and second PUSCHs configured by respective ConfiguredGrantConfig or semiPersistentOnPUSCH, and the UE would multiplex UCI in one of the multiple PUSCHs, and the multiple PUSCHs fulfil the conditions in Clause 9.2.5 for UCI multiplexing, the UE multiplexes the UCI in a PUSCH from the first PUSCHs. 
If a UE transmits multiple PUSCHs in a slot on respective serving cells and the UE would multiplex UCI in one of the multiple PUSCHs and the UE does not multiplex aperiodic CSI in any of the multiple PUSCHs, the UE multiplexes the UCI in a PUSCH of the serving cell with the smallest ServCellIndex subject to the conditions in Clause 9.2.5 for UCI multiplexing being fulfilled. If the UE transmits more than one PUSCHs in the slot on the serving cell with the smallest ServCellIndex that fulfil the conditions in Clause 9.2.5 for UCI multiplexing, the UE multiplexes the UCI in the earliest PUSCH that the UE transmits in the slot. 
If a UE transmits a PUSCH over multiple slots and the UE would transmit a PUCCH with HARQ-ACK and/or CSI information over a single slot and in a slot that overlaps with the PUSCH transmission in one or more slots of the multiple slots, and the PUSCH transmission in the one or more slots fulfills the conditions in Clause 9.2.5 for multiplexing the HARQ-ACK and/or CSI information, the UE multiplexes the HARQ-ACK and/or CSI information in the PUSCH transmission in the one or more slots. The UE does not multiplex HARQ-ACK and/or CSI information in the PUSCH transmission in a slot from the multiple slots if the UE would not transmit a single-slot PUCCH with HARQ-ACK and/or CSI information in the slot in case the PUSCH transmission was absent.
If a UE transmits one nominal PUSCH repetition with multiple actual PUSCH repetitions [6, TS38.214], and the UE would transmit a PUCCH that overlaps with two or more of the multiple actual PUSCH repetitions, the UE multiplexes the UCI of the PUCCH in the first actual PUSCH repetition from two or more actual repetitions that has the larger number of symbols.
If the PUSCH transmission over the multiple slots is scheduled by a DCI format that includes a DAI field, the value of the DAI field is applicable for multiplexing HARQ-ACK information in the PUSCH transmission in any slot from the multiple slots where the UE multiplexes HARQ-ACK information.
If a UE would multiplex HARQ-ACK information in a PUSCH transmission that is configured by a ConfiguredGrantConfig, or in an activated PUSCH transmission configured by semiPersistentOnPUSCH, and includes CG-UCI [5, TS 38.212], the UE multiplexes the HARQ-ACK information in the PUSCH transmission if the UE is provided cg-CG-UCI-Multiplexing; otherwise, the UE does not transmit the PUSCH and multiplexes the HARQ-ACK information in a PUCCH transmission or in another PUSCH transmission.

Conclusion 
Several open issues were discussed in this paper. The following proposals were proposed:
Proposal #1:  For Inter-PUSCH-repetition, the first  nominal repetition(s) is in the first hop and the rest of nominal repetition(s) is in the second hop, where Rep>1 is the number of nominal repetitions.
Proposal #2: Endorse the TP in section 2 for TS 38.214.
Proposal #3: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, 32 } are supported.
Proposal #4:Support that the semi-statically configured invalid symbol pattern also applies to DG/CG when dynamic SFI is not configured, and CG when dynamic SFI is configured.
Proposal #5:No special handling on orphan symbol(s).
Proposal #6: Endorse the TP in section 4 for TS 38.214.
Proposal #7: If a PUCCH carrying UCI overlaps with multiple actual PUSCH repetitions from one nominal PUSCH repetition within one slot, UCI is multiplexed on one of first actual PUSCH repetitions with more OFDM symbols. 
Proposal #8: Endorse the TP in section 5 for TS 38.213.
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