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1	Introduction
[bookmark: _Toc415085486][bookmark: _Toc503902285]The URLLC L1 enhancements work item [1] was declared as complete in December 2019. Regarding the objective on PUSCH enhancements, there are still some open issues to be resolved, such as the values for S, L for PUSCH repetition type B, the dynamically indicated number of repetitions for PUSCH repetition type A & B, reportSlotOffsetList, details of frequency hopping schemes, whether/how to support semi-static and dynamic indication of invalid symbols for some cases.
In this contribution, we discuss these remaining open issues and the related text proposals based on the latest specifications. (The agreements so far are summarized in the appendix.)
2		Values for S and L for PUSCH repetition Type B
There are still open points regarding the exact values supported for S and L for PUSCH repetition Type B, as highlighted in the agreements below:
Agreements: (RAN1#99 Reno)
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
We do not see the need to restrict the values for S and L for PUSCH repetition Type B compared to Rel-15 PUSCH mapping type B. Therefore, we propose:
Proposal 1: For S and L in the TDRA table for PUSCH repetition type B, S is from 0 to 13, and L is from 1 to 14. Inform RAN2 on the decision (RRC impact).
3	Number of Repetitions for PUSCH repetition Type A & B
It was agreed that the values of {1, 2, [3], 4, [6], 7, [8], 12, 16} are supported for numberofrepetitions (3 bits). This means that we need select two values to support out of 3, 6 and 8.
It would be good to keep the value of 8 to ensure consistency with the values support for slot aggregation in Rel-15; otherwise the value of 8 can be supported in Rel-15 for slot aggregation when K is semi-statically indicated but can no longer be supported in Rel-16 if K is dynamically indicated. 
Generally speaking, smaller values could be more useful for URLLC considering the stringent latency requirements. Therefore, we propose:
Proposal 2: {1, 2, 3, 4, 7, 8, 12, 16} are supported for numberofrepetitions. Inform RAN2 on the decision (RRC impact).
4	reportSlotOffsetList-r16-ForDCIFormat0_1/2 in brackets (RRC parameter list, TS 38.214 Sec. 5.2.1 & 5.2.1.5.2)
There has been little discussion on this during the WI phase, but based on the 38.214 editor/rapporteur request during RAN1#98bis this parameter has been added. 
We would like to explain here from our point the need for this. Simply said, the reportSlotOffsetList provides for each entry in the PUSCH TDRA table a reporting offset (in slots) for the A-CSI and Semi-persistent CSI triggering (please note separate lists are configured for A-CSI and Semi-persistent CSI triggering). In Rel-15, it is also required that the reportSlotOffsetList needs to have the same size as the applicable TDRA table. Hereby we would like to refer to TS 38.331, V15.8.0 (2019-12).
CSI-ReportConfig information element
-- ASN1START
-- TAG-CSI-REPORTCONFIG-START

CSI-ReportConfig ::=                SEQUENCE {
    reportConfigId                          CSI-ReportConfigId,
    carrier                                 ServCellIndex                   OPTIONAL,   -- Need S
    resourcesForChannelMeasurement          CSI-ResourceConfigId,
    csi-IM-ResourcesForInterference         CSI-ResourceConfigId            OPTIONAL,   -- Need R
    nzp-CSI-RS-ResourcesForInterference     CSI-ResourceConfigId            OPTIONAL,   -- Need R
    reportConfigType                        CHOICE {
        periodic                                SEQUENCE {
            reportSlotConfig                        CSI-ReportPeriodicityAndOffset,
            pucch-CSI-ResourceList                  SEQUENCE (SIZE (1..maxNrofBWPs)) OF PUCCH-CSI-Resource
        },
        semiPersistentOnPUCCH                   SEQUENCE {
            reportSlotConfig                        CSI-ReportPeriodicityAndOffset,
            pucch-CSI-ResourceList                  SEQUENCE (SIZE (1..maxNrofBWPs)) OF PUCCH-CSI-Resource
        },
        semiPersistentOnPUSCH                   SEQUENCE {
            reportSlotConfig                        ENUMERATED {sl5, sl10, sl20, sl40, sl80, sl160, sl320},
            reportSlotOffsetList                SEQUENCE (SIZE (1.. maxNrofUL-Allocations)) OF INTEGER(0..32),
            p0alpha                                 P0-PUSCH-AlphaSetId
        },
        aperiodic                               SEQUENCE {
            reportSlotOffsetList                SEQUENCE (SIZE (1..maxNrofUL-Allocations)) OF INTEGER(0..32)
        }
    },

	reportSlotOffsetList
Timing offset Y for semi persistent reporting using PUSCH. This field lists the allowed offset values. This list must have the same number of entries as the pusch-TimeDomainAllocationList in PUSCH-Config. A particular value is indicated in DCI. The network indicates in the DCI field of the UL grant, which of the configured report slot offsets the UE shall apply. The DCI value 0 corresponds to the first report slot offset in this list, the DCI value 1 corresponds to the second report slot offset in this list, and so on. The first report is transmitted in slot n+Y, second report in n+Y+P, where P is the configured periodicity. 
Timing offset Y for aperiodic reporting using PUSCH. This field lists the allowed offset values. This list must have the same number of entries as the pusch-TimeDomainAllocationList in PUSCH-Config. A particular value is indicated in DCI. The network indicates in the DCI field of the UL grant, which of the configured report slot offsets the UE shall apply. The DCI value 0 corresponds to the first report slot offset in this list, the DCI value 1 corresponds to the second report slot offset in this list, and so on (see TS 38.214 [19], clause 6.1.2.1).




Therefore, as we now support up to 64 entries in the TDRA table for DCI formats 0_1 and 0_2 (instead of maxNrofUL-Allocations=16), there is first a need for new RRC parameters with a larger list (up to 64 values) in Rel-16. Moreover, as the TDRA table size (& content) can be independently configured for DCI formats 0_1 and 0_2, we need independent reportSlotOffsetList’s for DCI format 0_1 and 0_2 as the size of the list needs to be aligned with the size of the respective TDRA tables as shown in the RRC specs above. 
In addition, in TS 38.214 Sec. 6.1.2.1, the TDRA table to be used for PUSCH with only A-CSI or SP-CSI was not updated accordingly to support the new TDRA table introduced for PUSCH repetition Type B for DCI format 0_1 and the new TDRA table for DCI format 0_2.
Therefore, the following is proposed: 
Proposal 3: Remove the brackets in the RAN1 RRC parameter list for reportSlotOffsetList-r16-ForDCIFormat0_1 and reportSlotOffsetList-r16-ForDCIFormat0_2 (i.e. support these RRC parameters). Inform RAN2 on the decision (RRC impact). Adopt the following TP to Sec. 5.2.1.4 and Sec. 6.1.2.1 of TS 38.214:
	TP to TS 38.214, Sec. 5.2.1.4 and Sec. 6.1.2.1
[bookmark: _Toc11352112][bookmark: _Toc20318002][bookmark: _Toc27299900][bookmark: _Toc29673167][bookmark: _Toc29673308][bookmark: _Toc29674301]5.2.1.4	Reporting configurations
<Unchanged text is omitted>
[bookmark: _Hlk497308324]For a semi-persistent or aperiodic CSI report on PUSCH, the allowed slot offsets are configured by the following higher layer parameters:
[bookmark: _Hlk25763402]-	if triggered/activated by DCI format 0_2, the allowed slot offsets are configured by the higher layer parameter reportSlotOffsetList-r16-ForDCIFormat0_2, and 
-	if triggered/activated by DCI format 0_1 and reportSlotOffsetList-r16-ForDCIFormat0_1 is configured, the allowed slot offsets are configured by the higher layer parameter reportSlotOffsetList-r16-ForDCIFormat0_1, and
-	otherwise, the allowed slot offsets are configured] by the higher layer parameter reportSlotOffsetList.
The offset is selected in the activating/triggering DCI.
<Unchanged text is omitted>

6.1.2.1	Resource allocation in time domain
<Unchanged text is omitted>


When the UE is scheduled to transmit a PUSCH with no transport block and with a CSI report(s) by a CSI request field on a DCI, the Time domain resource assignment field value m of the DCI provides a row index m + 1 to an the allocated table as defined in Clause 6.1.2.1.1 which is defined by the higher layer configured pusch-TimeDomainAllocationList in pusch-Config. The indexed row defines the start and length indicator SLIV, and the PUSCH mapping type to be applied in the PUSCH transmission and the K2 value is determined as , where  are the corresponding list entries of the higher layer parameter
-	[reportSlotOffsetList-r16-ForDCIFormat0_2, if PUSCH is scheduled by DCI format 0_2;
-	reportSlotOffsetList-r16-ForDCIFormat0_1, if PUSCH is scheduled by DCI format 0_1 and reportSlotOffsetList-r16-ForDCIFormat0_1 is configured];
-	reportSlotOffsetList, [otherwise;]



in CSI-ReportConfig for the  triggered CSI Reporting Settings and  is the (m+1)th entry of .
<Unchanged text is omitted> 


5	Frequency hopping for PUSCH repetition Type B
For PUSCH repetition Type B, it has been agreed to support inter-PUSCH-repetition FH and inter-slot FH, FFS on intra-PUSCH-repetition FH. Further, the details for inter-PUSCH-repetition FH are still open.
As discussed in more detail in our earlier contribution [2], intra-PUSCH-repetition FH could result in too much DMRS overhead, especially when the duration of each repetition is not too long. In addition, if additional frequency diversity is needed, it can be achieved via inter-PUSCH-repetition FH by indicating a larger repetition number. Therefore, we do not see the need to support intra-PUSCH-repetition FH.
Proposal 4: Intra-PUSCH-nominal-repetition FH is not supported for PUSCH repetition Type B. Remove the ‘[FFS intraRepetition]’ from the RRC parameters frequencyHopping-ForDCIFormat0_1, frequencyHopping-ForDCIFormat0_2, and frequencyHopping-PUSCHRepTypeB in ConfiguredGrantConfig, and inform RAN2 on the decision (RRC impact).
For inter-PUSCH-repetition FH, the main remaining issue is when the FH occurs in time. Several different options have been proposed by companies:
· The frequency location hops across nominal repetitions.
· The frequency location hops across actual repetitions.
· More sophisticated rule(s) for determining the hopping location, such as equal division, or RRC/DCI indication
The first two approaches would result in a difference only if one nominal repetition is segmented into more than one actual repetition, and which one leads to a more balanced resource allocation on the two hops depends on the actual resource allocation and the DL/UL configuration. However, using nominal repetitions for FH would have less resource fragmentation, which is desirable. The third approach could potentially provide more balanced allocation on the two hops, but similarly, this also depends on the actual resource allocation and the DL/UL configuration. It is difficult to justify the additional complexity without guaranteed/limited benefit.
Proposal 5: For inter-PUSCH-repetition FH for PUSCH repetition Type B, the frequency location hops across nominal repetitions. Adopt the following TP to TS 38.214 Sec 6.3.2:
	TP to TS 38.214
6.3.2	Frequency hopping for PUSCH repetition Type B
<Unchanged text is omitted>
In case of inter-repetition frequency hopping, [details to be added when agreements become available]. the starting RB for the n-th nominal repetition (as defined in Clause 6.1.2.1) is given by:

	,


where  is the starting RB within the UL BWP, as calculated from the resource block assignment information of resource allocation type 1 (described in Subclause 6.1.2.2.2) and is the frequency offset in RBs between the two frequency hops.

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.



Configured grant
For Type 1 CG with repetition Type B, there is a new RRC parameter frequencyHopping-PUSCHRepTypeB introduced for the FH scheme, while FH offset reuses Rel-15 RRC parameter. (Note that there is no change for Type 1 CG with repetition Type A compared to Rel-15.) For Type 2 CG, how to determine the FH scheme and offset still remains open.
First of all, it is important to keep the Rel-15 behavior for Type 2 CG with repetition Type A at least when the number of repetitions is semi-statically configured. This means that the FH scheme is determined by frequencyHopping in CG configuration, while the FH offset follows the activation DCI. For consistency, this is also preferred when the number of repetitions is dynamically indicated. This is exactly how 38.214 is written now, so no changes are needed for repetition Type A.
For Type 2 CG with repetition Type B, we can also follow Rel-15 behavior for repetition Type A for consistency. In this case, the FH scheme can use the same RRC parameter frequencyHopping-PUSCHRepTypeB that was already agreed for Type 1 CG, and the FH offset follows the activation DCI.
Proposal 6: For Type 2 CG with repetition Type B, the FH scheme is determined by frequencyHopping-PUSCHRepTypeB in configuredGrantConfig, and the FH offset follows the activation DCI. Inform RAN2 on the decision (RRC impact). Adopt the following TP to TS 38.214 Sec. 6.3.2:
	[bookmark: _Toc11352165][bookmark: _Toc20318055][bookmark: _Toc27299953][bookmark: _Toc29673228][bookmark: _Toc29673369][bookmark: _Toc29674362]TP to TS 38.214
[bookmark: _Toc29673230][bookmark: _Toc29673371][bookmark: _Toc29674364]6.3.2	Frequency hopping for PUSCH repetition Type B
For PUSCH repetition Type B (as determined according to procedures defined in Clause 6.1.2.1 for scheduled PUSCH, or Clause 6.1.2.3 for configured PUSCH), a UE is configured for frequency hopping by the higher layer parameter frequencyHopping-ForDCIFormat0_2 in pusch-Config for PUSCH transmission scheduled by DCI format 0_2, by frequencyHopping-ForDCIFormat0_1 provided in pusch-Config for PUSCH transmission scheduled by DCI format 0_1, and by frequencyHopping-PUSCHRepTypeB provided in configuredGrantConfig for [Type 1] configured PUSCH transmission. [The frequency hopping mode for Type 2 configured PUSCH transmission follows the activating DCI format]. One of two frequency hopping modes can be configured:
-	Inter-repetition frequency hopping
-	Inter-slot frequency hopping
<Unchanged text is omitted>




When looking at the new FH types for DCI format 0_1, we think that there is a small mistake in the condition when 1bit FH is present with the addition of PUSCH repetition Type B. The current formulation states, that if both the legacy RRC parameter frequencyHopping and frequencyHopping-ForDCIFormat0_1 are not configured. But for legacy operation using PUSCH repetition Type A (i.e. PUSCHTimeDomainResourceAllocationList-ForDCIformat0_1 is not configured), only the frequencyHopping defines if the bit is present or not and for PUSCH repetition Type B (i.e. PUSCHTimeDomainResourceAllocationList-ForDCIformat0_1 is configured), then the configuration of frequencyHopping-ForDCIFormat0_1 is sufficient. This needs to be corrected. 

Proposal 7: Adopt the following TP to the FH field for DCI format 0_1 to Sec. 7.3.1.1.2 of TS 38.212 with the changes marked in red:
	TP to TS 38.212, Sec. 7.3.1.1.2 
[bookmark: _Toc19798776][bookmark: _Toc26467247][bookmark: _Toc29326608][bookmark: _Toc29327758]7.3.1.1.2	Format 0_1
<Unchanged text is omitted>
-	Frequency hopping flag – 0 or 1 bit:
-	0 bit if only resource allocation type 0 is configured, or if both the higher layer parameter frequencyHopping is not configured and the higher layer parameter frequencyHopping-ForDCIFormat0_1 PUSCHTimeDomainResourceAllocationList-ForDCIformat0_1 is are not configured or not configured to  ‘pusch-RepTypeB’, or if the higher layer parameter frequencyHopping-ForDCIFormat0_1 is not configured and  PUSCHTimeDomainResourceAllocationList-ForDCIformat0_1 is configured to ‘pusch-RepTypeB’, or if only resource allocation type 2 is configured;
-	1 bit according to Table 7.3.1.1.1-3 otherwise, only applicable to resource allocation type 1, as defined in Clause 6.3 of [6, TS 38.214].
<Unchanged text is omitted> 




6	Support of semi-statically/dynamically indicated invalid symbols for PUSCH repetition Type B
It has been agreed that invalid symbols can be semi-statically or dynamically indicated for DG PUSCH with repetition Type B in case dynamic SFI is configured. However, whether to support invalid symbols for PUSCH repetition Type B for the following 3 cases has not been discussed:
· Case 1: CG PUSCH in case dynamic SFI is configured
· Case 2: CG PUSCH in case dynamic SFI is not configured
· Case 3: DG PUSCH in case dynamic SFI is not configured
With the mechanism introduced for DG PUSCH when dynamic SFI is configured, we think it is straightforward to extend the same mechanism to the 3 cases above, reusing the same RRC parameter.
Proposal 8: The semi-static and dynamic indication of invalid symbols for DG PUSCH repetition Type B in case dynamic SFI is not configured follows the same behaviour as for DG PUSCH repetition Type B in case dynamic SFI is configured.
Proposal 9: If InvalidSymbolPattern is configured, for CG PUSCH (regardless of whether dynamic SFI is configured or not), segmentation occurs around semi-static DL symbols and invalid symbols indicated by InvalidSymbolPattern, and the remaining symbols are used for PUSCH.
Proposal 10: Adopt the following TP to TS 38.214 Sec. 6.1.2.1:
	TP to TS 38.214
[bookmark: _Toc11352142][bookmark: _Toc20318032][bookmark: _Toc27299930][bookmark: _Toc29673203][bookmark: _Toc29673344][bookmark: _Toc29674337]6.1.2	Resource allocation 
[bookmark: _Toc11352143][bookmark: _Toc20318033][bookmark: _Toc27299931][bookmark: _Toc29673204][bookmark: _Toc29673345][bookmark: _Toc29674338]6.1.2.1	Resource allocation in time domain
<unchanged text 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] 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.




7	Conclusions
In this contribution, we discussed the remaining issues for PUSCH enhancements in eURLLC and proposed the related TP.
Proposal 1: For S and L in the TDRA table for PUSCH repetition type B, S is from 0 to 13, and L is from 1 to 14. Inform RAN2 on the decision (RRC impact).
Proposal 2: {1, 2, 3, 4, 7, 8, 12, 16} are supported for numberofrepetitions. Inform RAN2 on the decision (RRC impact).
Proposal 3: Remove the brackets in the RAN1 RRC parameter list for reportSlotOffsetList-r16-ForDCIFormat0_1 and reportSlotOffsetList-r16-ForDCIFormat0_2 (i.e. support these RRC parameters). Inform RAN2 on the decision (RRC impact). Adopt the proposed TP to Sec. 5.2.1.4 and Sec. 6.1.2.1 of TS 38.214.
Proposal 4: Intra-PUSCH-nominal-repetition FH is not supported for PUSCH repetition Type B. Remove the ‘[FFS intraRepetition]’ from the RRC parameters frequencyHopping-ForDCIFormat0_1, frequencyHopping-ForDCIFormat0_2, and frequencyHopping-PUSCHRepTypeB in ConfiguredGrantConfig, and inform RAN2 on the decision (RRC impact).
Proposal 5: For inter-PUSCH-repetition FH for PUSCH repetition Type B, the frequency location hops across nominal repetitions. Adopt the proposed TP to TS 38.214 Sec 6.3.2.
Proposal 6: For Type 2 CG with repetition Type B, the FH scheme is determined by frequencyHopping-PUSCHRepTypeB in configuredGrantConfig, and the FH offset follows the activation DCI. Inform RAN2 on the decision (RRC impact). Adopt the proposed TP to TS 38.214 Sec. 6.3.2.
Proposal 7: Adopt the proposed TP to the FH field for DCI format 0_1 to Sec. 7.3.1.1.2 of TS 38.212.
Proposal 8: The semi-static and dynamic indication of invalid symbols for DG PUSCH repetition Type B in case dynamic SFI is not configured follows the same behaviour as for DG PUSCH repetition Type B in case dynamic SFI is configured.
Proposal 9: If InvalidSymbolPattern is configured, for CG PUSCH (regardless of whether dynamic SFI is configured or not), segmentation occurs around semi-static DL symbols and invalid symbols indicated by InvalidSymbolPattern, and the remaining symbols are used for PUSCH.
Proposal 10: Adopt the proposed TP to TS 38.214 Sec. 6.1.2.1.
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Appendix: Summary of agreements related to Rel-16 PUSCH enhancements in eURLLC WI
Description of Option 4 from TR 38.824:
[bookmark: OLE_LINK15]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. It further consists of:
· 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. 
· 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.

Agreements: (RAN1#96bis)
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

Agreements: (RAN1#96bis)
For both option 4 and 6, frequency hopping is supported
· FFS details

Agreements: (RAN1#97)
· 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

Agreements: (RAN1#98 Prague)

In terms of how to interpret L and K for all PUSCH transmissions, down-select between the following two:
· Alt 1: The time window within which valid symbols are used for transmission is L*K.
· FFS the definition of “valid symbols”
· Alt 2: The time window within which valid symbols are used for transmission can be longer than L*K symbols, and it is extended at least in case of semi-static DL symbols.
· FFS extension of the time window in case of dynamic DL symbols and/or semi-static flexible symbols and/or reserved symbols (if defined) and/or SSB symbols and/or type-0 CSS in CORESET#0 (as indicated by MIB)
· FFS the definition of “valid symbols”
· FFS whether to define a maximum time window size and if so, details

Conclusion: (RAN1#98 Prague)
In terms of how to handle the interaction of enhanced PUSCH with DL/UL directions, consider the following options:
· For DG PUSCH
· If dynamic SFI is not configured,
· Semi-static flexible symbols are used for PUSCH. Segmentation occurs only around semi-static DL symbols.
· If dynamic SFI is configured
· 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.
· FFS whether the conflict between dynamic SFI and symbols used for PUSCH transmission is considered as an error case, e.g.
· Option 1-1a: The UE does not expect any semi-static flexible symbol to be indicated as DL within the PUSCH transmission time window.
· Option 1-1b: No error case is defined and in general all semi-static flexible symbols are used for PUSCH within the PUSCH transmission time window.
· Option 1-2: Semi-static DL/flexible symbols are not used for PUSCH. Segmentation occurs around semi-static DL/flexible 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 1-4: Pre-defined rules to determine which set of semi-static flexible symbols are used for PUSCH. Segmentation occurs around semi-static DL and the invalid symbols as defined in the rules.
· Option 2: the UE uses SFI to determine the symbols to transmit
· In case SFI is configured and received 
· [bookmark: _Hlk20955125]Option 2-1: Segmentation occurs around semi-static DL symbols and dynamic DL/flexible symbols
· Option 2-2: Dynamic flexible symbols are used for PUSCH. Segmentation occurs around semi-static DL symbols and dynamic DL symbols
· Option 2-3: Dynamic flexible symbols are used for PUSCH. A repetition is not transmitted if it conflicts with a dynamic DL symbol.
· 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.
· For CG PUSCH other than the first Type 2 CG PUSCH (including all the repetitions) activated by an UL grant
· If dynamic SFI is not configured,
· Semi-static flexible symbols are used for PUSCH. Segmentation occurs only around semi-static DL symbols.
· If dynamic SFI is configured
· 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.
· This does not seem to make much sense for CG. If semi-static flexible symbols are always used for CG PUSCH, the gNB can essentially configure these symbols as UL in semi-static configuration. – no need for this option?
· Option 1-2: Semi-static DL/flexible symbols are not used for PUSCH. Segmentation occurs around semi-static DL/flexible symbols.
· Option 1-3 from DG is not applicable for CG.
· Option 1-4: Pre-defined rules to determine which set of semi-static flexible symbols are used for PUSCH. Segmentation occurs around semi-static DL and the invalid symbols as defined in the rules.
· 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 2-2 does not make sense for CG. (Dynamic flexible symbols are used for PUSCH. Segmentation occurs around semi-static DL symbols and dynamic DL symbols)
· Option 2-3 does not make sense for CG. (Dynamic flexible symbols are used for PUSCH. A repetition is not transmitted if it conflicts with a dynamic DL symbol.)
· 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 first Type 2 CG PUSCH (including all the repetitions) activated by an UL grant,
· Alt 1: same behavior as DG PUSCH
· Alt 2: same behavior as CG PUSCH without an associated UL grant
· …
· FFS: in case of a repetition not being transmitted (as in the above bullets), whether a repetition is a nominal repetition or a repetition after segmentation due to semi-static DL symbol(s)/slot boundary
· FFS: whether to postpone or not, and if yes, under what condition(s)
· FFS: whether/how guard period is handled
· Note that segmentation at slot boundary is always performed, even though it is not explicitly mentioned in the bullets above.
· FFS: the handling of conflict with SSB/PRACH symbols, the handling of conflict with semi-statically configured DL reception, etc.
· Other options are not precluded

Agreements: (RAN1#98bis Chongqing)
· Do not support PUSCH mapping type A for Option 4.

Agreements: (RAN1#98bis Chongqing)
· 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: (RAN1#98bis Chongqing)
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: (RAN1#98bis Chongqing)
· 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)

Agreements: (RAN1#98bis Chongqing)
For frequency hopping for Rel-16 PUSCH, the number of actual hopping locations in frequency is 2.

Agreements: (RAN1#98bis Chongqing)
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
Agreements: (RAN1#98bis Chongqing)
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.

Conclusion: (RAN1#98bis Chongqing)
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).

[bookmark: _Hlk30712384]Agreements: (RAN1#98bis Chongqing)
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”.
[bookmark: _Hlk30712476]Agreements: (RAN1#98bis Chongqing)
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: (RAN1#98bis Chongqing)
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.
Agreements: (RAN1#98bis Chongqing)
For the interaction with DL/UL directions, if dynamic SFI is configured, Option 2-2 and 2-3 is not further considered for DG.
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
Agreements: (RAN1#99 Reno)
· 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.
[bookmark: _Hlk30712659]Agreements: (RAN1#99 Reno)
· 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: (RAN1#99 Reno)
· For PUSCH repetition type B, L<=14

Agreements: (RAN1#99 Reno)
For PUSCH repetition type B, support the following frequency hopping:
· Inter-PUSCH-repetition FH
· Details FFS
· Inter-slot FH
· FFS Intra-PUSCH-repetition FH

[bookmark: _Hlk30713180]Agreements: (RAN1#99 Reno)
The column on the number of repetitions numberofrepetitions is always present in PUSCH-TimeDomainResourceAllocationList-ForDCIformat0_1 and PUSCH-TimeDomainResourceAllocationList-ForDCIformat0_2.
· [bookmark: _Hlk30713157]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: (RAN1#99 Reno)
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: (RAN1#99 Reno)
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: (RAN1#99 Reno)
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.
[bookmark: _Hlk30713530]Agreements: (RAN1#99 Reno)
[bookmark: _Hlk30713339]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: (RAN1#99 Reno)
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): (RAN1#99 Reno)
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.
Agreement: (RAN1#99 Reno)
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
Agreement: (RAN1#99 Reno)
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}.
· 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: (RAN1#99 Reno)
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
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