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1	Introduction
In this contribution, Sections 2 to 6 summarize the issues raised in the contributions submitted under AI 7.2.5.3, PUSCH enhancements for NR Rel-16 URLLC.
Section 7 provides the suggestion for the scope of email discussions.
2	Remaining Open Points on the RRC Parameters (RRC Impact)
2.1		Number of repetitions
We had the following agreements from RAN1#99:
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
Here is the summary of companies’ views:
· Number of repetitions (numberofrepetitions)
· Additionally support {3, 8}: Ericsson[1], Nokia/NSB[4], CATT[6], CMCC[11], Huawei/HiSi[17]
· Additionally support {8, 32}: Samsung[9]
· Limit on the number of repetitions in a slot
· No explicit limit: Ericsson[1], CATT[6]
· Yes: Huawei/HiSi[17], Intel[19]
· Huawei/HiSi[17]: e.g. no more PUSCHs per slot than what is reported as the UE capability, or precluding certain combinations of S, L and K
· Intel[19]: <=2 actual repetitions in a slot (or subject to UE capability)
· Extend the values for repK?
· Support the same set of values for repK as for numberofrepetitions: Ericsson[1], CMCC[11]
· No: CATT[6]
2.2		Values for S and L for PUSCH repetition Type B
We had the following agreements from RAN1#99:
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
Here is the summary of companies’ views:
· S from 0 to 13, L from 1 to 14: Ericsson[1], Nokia[4]

2.3	reportSlotOffsetList-r16-ForDCIFormat0_1/2
There has not been much active discussion on the introduction of the new RRC parameters reportSlotOffsetList-r16-ForDCIFormat0_1/2, except during the RRC parameter list discussion and CR review stage. These two new parameters, and the related specification text, are still in brackets. Please see detailed discussion in [4].

· Introduce reportSlotOffsetList-r16-ForDCIFormat0_1 and reportSlotOffsetList-r16-ForDCIFormat0_2 and endorse the related TP for 38.214: Nokia/NSB[4]

3	Frequency hopping for PUSCH repetition Type B (Potential RRC impact)
3.1	Details of inter-repetition FH
· Time domain hopping pattern
· Repetitions are divided into two equal-sized groups (as much as possible), and FH occurs between the two groups: Ericsson[1] (TP provided), vivo[2], Samsung[9] (the first ⌊K ⁄2⌋ nominal repetition(s))
· FH across nominal repetitions: Nokia/NSB[4], CMCC[11], Apple[12], QC[16], Huawei/HiSi[17] 
· FH across actual repetitions: ZTE[3], CATT[6] (with sim results), MotM/Lenovo[13], DOCOMO[14]
· Frequency hopping locations
· Reuse the Rel-15 mechanism: Ericsson[1], ZTE[3]
3.2	Intra-PUSCH-repetition FH
Support intra-PUSCH-repetition FH?
· Yes: Ericsson[1] (at least when numberofrepetitions = 1), Apple[12], Intel[19]
· Apple[12]: intra-repetition hopping if there is a single actual repetition in a nominal repetition; otherwise inter-repetition hopping
· Intel[19]: In case of multiple actual repetitions within a slot, FH boundary is moved to the boundary between repetitions.
· No: vivo[2], ZTE[3], Nokia/NSB[4], Samsung[9], MotM/Lenovo[13], Huawei/HiSi[17]
3.3	How to determine FH scheme and offset for Type 2 CG? (Potential RRC impact)
· FH scheme
· Use frequencyHopping-PUSCHRepTypeB in configuredGrantConfig: ZTE[3], Nokia/NSB[4], LGE[10], Huawei/HiSi[20]
· Follow activation DCI: CATT[6]
· Frequency hopping enabling 
· Follow activation DCI: ZTE[3]
· FH offset
· Follow activation DCI: ZTE[3], Nokia/NSB[4], CATT[6]
3.4	Other
Nokia/NSB[4]: TP to the FH field description for DCI format 0_1
	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> 



4	Remaining Issues on Interaction with DL/UL Directions for PUSCH repetition Type B
4.1	Support of semi-statically configured and dynamically indicated invalid symbols for PUSCH repetition Type B
We had the following agreements and FFS points related to semi-statically configured and dynamically indicated invalid symbols:
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.
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
What still remains open is whether/how to support semi-statically configured and/or dynamically indicated invalid symbols for the following cases:
· CG if dynamic SFI is configured
· DG and CG if dynamic SFI is not configured
· The first Type 2 CG (including all repetitions) after activation
4.1.1	CG (other than the first Type 2 CG after activation) when SFI is configured
Here is a summary of companies’ views:
· CG Type 1 when SFI is configured
· If InvalidSymbolPattern is configured, the pattern is applied: vivo[2], ZTE[3], Nokia/NSB[4], CATT[6], Panasonic[8], DOCOMO[13], Huawei/HiSi[17] (including the first Type2), Samsung[9]
· Introduce a new RRC parameter (InvalidSymbolPatternIndicator) to indicate whether InvalidSymbolPattern is applied or not: Ericsson[1]
· LGE[10]:
· Option 1: If InvalidSymbolPattern is configured, the pattern is applied
· Option 2: Introduce single invalid symbol pattern additionally for all CG
· Option 3: Introduce additional invalid symbol patterns for each CG configuration
· CG Type 2 (other than the first Type 2 CG, including all repetitions, after activation) when SFI is configured
· If InvalidSymbolPattern is configured, the pattern is applied: ZTE[3], Nokia/NSB[4], DOCOMO[13], Huawei/HiSi[17] (including the first Type2)
· Follow activation DCI (use InvalidSymbolPattern and the field “Invalid symbol pattern indicator” in the activation DCI, if existing): Ericsson[1], vivo[2], CATT[6], Panasonic[8], Samsung[9]
· 
Vivo[2]: For type 1 and type 2 CG PUSCH with PUSCH repetition type B, if dynamic SFI is configured and if invalid symbol pattern is applied, segmentation occurs around semi-static DL symbols and invalid 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 and invalid symbols.
· 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 and invalid symbols.
Q: is this already covered by the current specs?
4.1.2	CG (other than the first Type 2 CG after activation) when SFI is not configured
· CG Type 1 when SFI is configured
· If InvalidSymbolPattern is configured, the pattern is applied: ZTE[3], Nokia/NSB[4], CATT[6], Samsung[9]
· CG Type 2 (other than the first Type 2 CG, including all repetitions, after activation) when SFI is configured
· If InvalidSymbolPattern is configured, the pattern is applied: ZTE[3], Nokia/NSB[4]
· Follow activation DCI (use InvalidSymbolPattern and the field “Invalid symbol pattern indicator” in the activation DCI, if existing): CATT[6], Samsung[9]

4.1.3	DG when SFI is not configured
· Same behavior as DG when SFI is configured: ZTE[3], Nokia/NSB[4], CATT[6], Intel[19], Samsung[9]

4.1.4	The first Type 2 CG PUSCH (including all repetitions) after activation
· Same behavior as DG PUSCH: ZTE[3], DOCOMO[13]

4.2	Other Conflict
4.2.1	Conflict with SSB
· Symbols that are indicated by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon for reception of SS/PBCH blocks are considered invalid symbols for PUSCH repetition Type B, and segmentation occurs around these invalid symbols: vivo[2] (also means segmentation?), WILUS[15], QC[16]
4.2.2	Conflict with CORESET#0 in MIB
· CORESET for Type0-PDCCH CSS indicated by pdcch-ConfigSIB1 in MIB are considered as invalid symbols for PUSCH repetition Type B, and segmentation occurs around these symbols: QC[6]
4.2.3	Conflict with PRACH
· Vivo[2]: It is up to UE implementation to handle the conflict between PUSCH repetition Type B transmission and PRACH transmission, when PRACH and an actual repetition of PUSCH repetition Type B in a same slot or when a gap between a PRACH transmission and the actual repetition is less than N symbols where N=2 for µ=0 or µ=1, N=4 for µ=2 or µ=3, and µ is the SCS configuration for the active UL BWP.
4.2.4	Gap handling (Potential RRC impact)
· QC[16]: XU symbols, if configured, after the last semi-static DL symbol, are considered as invalid symbols
· XU is a new RRC parameter?
4.2.5	Behavior for half-duplex CA
For half-duplex CA, there is an endorsed TP provided in R1-1913440 but has not been incorporated in the latest TS 38.213. Some special handling may be necessary for half-duplex CA.
· WILUS[15]: In case of half duplex CA, a downlink symbol on a reference cell is considered as an invalid symbol for PUSCH repetition type B.
FL suggestion: the proposal makes sense, but it may be better to check against the entire CR for half-duplex CA, and see if there is any other impact. Since the agreed TP for half-duplex CA has not been incorporated into TS 38.213 yet, most companies have not checked it. The recommendation is to wait until the TP is implemented in the spec and then we will discuss the related issues.
4.3	DMRS determination and handling of orphan symbols
4.3.1	DMRS determination
· DMRS determination
· DMRS positions determined per actual repetition based on DMRS configuration: OPPO[5], QC[16] (TP provided for 211 to add “actual”)
· Q: already covered in the specs?
· A single-symbol DMRS at the beginning of each repetition in case of segmentation: Sony[7]
· Sony[7]: Determining DMRS per actual repetition is not applicable for double-symbol DMRS configuration when an actual PUSCH duration as a result of segmentation is less than 5 symbols.
· For PUSCH repetition type B, UE is not expected that 2-symbol length DMRS is indicated when the lengths of each actual repetition is less than 5 symbols. Panasonic[8]
4.3.2	Handling of orphan symbols
· Define orphan symbols as error cases: vivo[2], Huawei/HiSi[17](?), Intel[19]
· Vivo[2]: in case of a single DMRS symbol configuration, one symbol is considered as orphan symbol; in case of two DMRS symbol configuration, one or two symbols is considered as orphan symbols.
· Intel[19]: UE does not expect
· PUSCH repetition type B with 1-symbols nominal repetition length and more than 1 nominal repetition
· nominal PUSCH duration of 1-symbol in case of DFT-s-OFDM
· PUSCH repetition type B TDRA resulting in 1-symbol actual PUSCH in case of DFT-s-OFDM
· No transmission in case of orphan symbol: ZTE[3], WILUS[15] (one symbol), QC[16] (drop one-symbol in case of DFT-s-OFDM)
· ZTE[3]: a single symbol is considered as orphan symbol
· No special handling (transmitted as it is): CATT[6], Panasonic[8], Samsung[9]
· Optimization
· OPPO[5]: dropped or concatenated with adjacent PUSCH repetition 
· Orphan symbols are determined by segmented PUSCH length or effective code rate for segmented PUSCH
5	UCI multiplexing on PUSCH for PUSCH repetition Type B
How to handle UCI multiplexing on PUSCH for repetition Type B has been discussed by some companies, and these are the issues we will need to discuss and conclude.
· OPPO[5]: When UCI is piggybacked, the determination of collision should be based on actual PUSCH and resources for UCI in PUSCH should be based on nominal PUSCH.
· CATT[6]: For calculating the number of coded modulation symbols per layer for UCI on PUSCH with PUSCH repetition type B (depending on both nominal length and actual length)


· Panasonic[8]: For PUSCH repetition type B, if PUCCH resource overlaps with multiple actual PUSCH repetitions, UCI is piggybacked in only one earliest actual repetition.
· Samsung[9]: 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. (TP provided)
· QC[16]: Resource calculation for UCI and PUSCH transmit power is based on nominal duration L. (TP provided)
· Huawei/HiSi[17]: 
· PUCCH with A/N should piggyback on the first PUSCH repetition that satisfies the time conditions.
· Modify the UCI resources Q’ calculation equation by using the RE number of the PUSCH used for TBS calculation instead of the current PUSCH piggybacking the UCI
· CAICT[18]: For PUSCH repetition without UL-SCH, introduce   to adjust  of the PUSCH transmission occasion [image: ] on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ], where  is the number of symbols indicated in the PUSCH scheduling information.

[bookmark: _Toc415085486][bookmark: _Toc503902285]6	Other Issues 
· TBS determination
· Panasonic[8]: the DMRS overhead assumption in TBS determination should be based on nominal repetition length
· [bookmark: _Toc32599481]Ericsson[1]: When only one bit is used to signal RV in DCI format 0_2, it indicates either RV 0 or RV 2 (instead of RV 0 or 3).
· Reason: RV {0, 2} performs better than {0, 3}
[image: ]
	------------------ Text Proposal for 38.212  Section 7.3.1.1.3 ------------------

- Redundancy version – 0, 1 or 2 bits determined by higher layer parameter NumberofbitsforRV-ForDCIFormat0_2
-	If 0 bit is configured, rvid to be applied is 0;
-	1 bit according to Table 7.3.1.2.3-1 7.3.1.1.3-2;
-	2 bits according to Table 7.3.1.1.1-2. 
Table 7.3.1.1.3-2: Redundancy version
	Value of the Redundancy version field
	Value of  to be applied

	0
	0

	1
	2



----------------------------------------------End of proposed TP ----------------------------------------------------




· Ericsson[1]: No restriction of the enabling of PUSCH repetition Type B to one DCI format

	Agreements: (RAN1#98)
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 



· Huawei/HiSi[17]:
· a TP to add the definition of TDRA for a nominal/actual repetition for configured grant
· For PUSCH transmission with a configured grant and with repetition Type B, if the higher layer parameter startingFromRV0-r16 is set to ‘on’ for RV sequence {0,3,0,3}, the initial transmission of a transport block may start at any of the transmission occasions of the actual repetitions that are associated with RV=0, except the actual repetitions within the last nominal repetition when K≥8.
· OPPO[5]
· Configured grant timer starts or restarts for each nominal repetition.
· A gap might be needed for the switching of receptions from different TRPs.
· QC[16]
· Sec. 2 on the conflict of low priority dynamic DL transmission and high priority configured UL transmission
· [bookmark: _GoBack]FL comment: This seems to be a generic issue for intra-UE prioritization and multiplexing, not specific for PUSCH repetition Type B. Would suggest that this is discussed under AI 7.5.2.

7	Scope of the email discussions 
As guided by the chairman, each AI can have up to 3(?) email discussions.
Based on the summary, the suggestion is to have 3 email discussions on the following:
	[bookmark: _Hlk33185270]
	Scope
	Reason

	Email #1
	1. Remaining Open Points on the RRC Parameters (Section 2)
2. UCI multiplexing on PUSCH (Section 5)
	Issues in Section 2 is critical as it has RRC impact.
Issues in Section 5 are essential and have been postponed for a long time. Recommend starting the discussion now.

	Email #2
	Frequency hopping for PUSCH repetition Type B (Section 3)
· 
	There are some open issues on the details that are essential, and some may have RRC impact.

	Email #3
	Remaining Issues on Interaction with DL/UL Directions, Section 4.1, 4.2.4, and 4.3
	There are some open issues on the details that are essential, and some may have RRC impact.


It is suggested to postpone the remaining issues (in Section 4.2.4, and Section 6) to the next meeting.

The above suggestions have been agreed, and the chairman has provided the following as the instruction for the 3 email discussions:
[100e-NR-L1enh_URLLC-PUSCH_Enh-01] Email discussion/approval on the remaining open points on the RRC parameters and UCI multiplexing on PUSCH by 2/28; if there is a spec impact, endorsing the corresponding TP by 3/3 – Sigen (Nokia)
[100e-NR-L1enh_URLLC-PUSCH_Enh-02] Email discussion/approval on frequency hopping for PUSCH repetition Type B by 2/28; if there is a spec impact, endorsing the corresponding TP by 3/3 – Sigen (Nokia)
[100e-NR-L1enh_URLLC-PUSCH_Enh-03] Email discussion/approval on remaining issues on interaction with DL/UL directions (referenced by sections 4.1/4.2.4/4.3 in the summary) by 2/28; if there is a spec impact, endorsing the corresponding TP by 3/3 – Sigen (Nokia)
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[4] R1-2000406	Maintenance of PUSCH enhancements for Rel-16 NR URLLC	Nokia, Nokia Shanghai Bell
[5] R1-2000481	PUSCH enhancements for URLLC	OPPO
[6] R1-2000529	Remaining issues on PUSCH enhancements	CATT
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[10] R1-2000672	Remaining issues of PUSCH enhancements for NR URLLC	LG Electronics
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[13] R1-2000902	Frequency hopping in PUSCH repetition	Motorola Mobility, Lenovo
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Appendix A: Previous agreements on potential enhancements for PUSCH
RAN1#94bis (Oct. 2018)
Agreements:
· One PUSCH transmission instance is not allowed to cross the slot boundary at least for grant-based PUSCH.
RAN1#95 (Nov. 2018)
Agreements:
Support at least one of the following for one TB:
· One UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots
· One UL grant scheduling two or more PUSCH repetitions in consecutive available slots, with one repetition in each slot with possibly different starting symbols and/or durations
· N (N>=2) UL grants scheduling N PUSCH repetitions on consecutive available slots, with one repetition in each slot, and the i-th UL grant can be received before the end of the PUSCH transmission scheduled by the (i-1)th UL grant.
· FFS the definition of available slots
RAN1 AH#1901 (Jan. 2019)
Agreements:
At least for scheduled PUSCH, for the option “One UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots” (also called as “mini-slot based repetitions”), if supported, it further consists of:
· Time domain resource determination
· The time domain resource assignment field in the DCI indicates the resource for the first 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
· Each repetition occupies contiguous symbols.
· FFS whether/how to handle “orphan” symbols (the # of UL symbols is not sufficient to carry one full repetition)
· Frequency hopping (at least 2 hops)
· Support at least inter-PUSCH-repetition hopping and inter-slot hopping
· FFS other FH schemes
· FFS number of hops larger than 2
· FFS dynamic indication of the number of repetitions
· FFS DMRS sharing
· FFS TBS determination (e.g. based on the whole duration, or based on the first repetition)
Agreements:
At least for scheduled PUSCH, for the option “One UL grant scheduling two or more PUSCH repetitions in consecutive available slots, with one repetition in each slot with possibly different starting symbols and/or durations” (also called as “twomulti-segment transmission”), if supported, it further consists of:
· Time domain resource determination
· The time domain resource assignment field in the DCI indicates the starting symbol and the transmission duration of all the repetitions. 
· FFS multiple SLIVs indicating the starting symbol and the duration of each repetition
· FFS details of SLIV, including the possibility of modifying SLIV to support the cases with S+L>14.
· FFS the interaction with the procedure of UL/DL direction determination
· For the transmission within one slot,
· If there are more than one UL period within a slot (where each UL period is the duration of a set of contiguous symbols within a slot for potential UL transmission as determined by the UE) 
· Alt1: One repetition spans across more than one UL periods.
· This implies that DMRS is required for each UL period.
· Note: it is agreed in previous meetings that one PUSCH instance is not across a slot boundary
· Each repetition occupies contiguous symbols available for potential UL transmission across one or more UL periods
· Alt2: One repetition is within one UL period.
· FFS if more than one UL period is used for the transmission (If more than one UL period is used, this would override the previous definition of this option.)
· Each repetition occupies contiguous symbols 
· Otherwise, a single PUSCH repetition is transmitted within a slot following Rel-15 behavior.
· FFS Transmission of the repetitions spanning across more than two slots is not supported.
· Frequency hopping
· Support at least inter-slot FH
· FFS other FH schemes
· FFS TBS determination (e.g. based on the whole duration, or based on the first repetition, overhead assumption)
Agreements:
· Down-select between “mini-slot based repetitions” and “two-segment transmission”, aiming in RAN1#96
· FFS the option of using separate grants to schedule PUSCH repetitions in consecutive available slots
Agreements:
Companies are encouraged to provide more details in RAN1#96 at least for the following for potential enhancements of PUSCH:
· Details of the time domain resource determination, including the interaction with the DL/UL direction of the symbols
· Details of TBS determination
· What is different for scheduled PUSCH and configured grant?
· E.g. for configured grant, should the transmission be allowed to postpone when conflicting with DL symbols?
· Comparison between the two schemes, including the potential performance evaluation/analysis (including latency, reliability, etc), complexity, overhead, etc.
RAN1#96 (Feb. 2019)
Agreements:
· Capture the descriptions of option 1 to 6 (see R1-1903797 and previous agreements) in the TR.
Here is the description of Option 4 from TR 38.824:
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.

Conclusion:
· Finalize the details regarding how to use “option 1” vs. “option 2” during the WI phase using option 4, 5, and 6 (as in R1-1903797) as a starting point.

Agreements:
· Capture the simulation results in Section 3 in the TR.
RAN1#96bis (Apr. 2019)
Agreements:
· Option 5 is not considered further as part of PUSCH enhancements.
Agreements:
For option 4, dynamic indication of the nominal number of repetitions in the DCI scheduling dynamic PUSCH is supported for PUSCH enhancements. The dynamic indication can be enabled or disabled by the gNB.
· FFS the exact signaling method
· FFS the exact DCI format(s)
· FFS the exact mechanism to enable or disable
· FFS the DCI activating type 2 configured grant PUSCH
Agreements:
For option 6,
· For dynamic PUSCH
· For semi-static DL symbol(s), to down-select
· Option 1: it is not expected that the resource allocation has conflict with semi-static DL symbol(s).
· Option 2: if the resource allocation has conflict with semi-static DL symbol(s), the repetition is not transmitted.
· For dynamically indicated DL symbol(s) (via format 2_0), it is not expected at the UE that the resource allocation has conflict with dynamically indicated DL symbol(s).
· Note: this is the same as Rel-15 behavior.
· For configured grant PUSCH,
· For type 1 configured grant PUSCH, and PUSCH other than the first PUSCH (including all repetitions) associated with the type 2 configured grant activation,
· If a repetition conflicts with semi-static DL symbol(s), the repetition is not transmitted. 
· FFS: If a repetition conflicts with dynamically indicated DL symbol(s) (via format 2_0), the repetition is not transmitted. 
· FFS For the first PUSCH (including all repetitions) associated with the type 2 configured grant activation, follow the same handling as dynamic PUSCH.
Agreements:
· For option 6, at least for dynamic grants, it is not expected that one repetition (i.e., one SLIV) spans across slot boundary.
Agreements:
For both option 4 and 6, frequency hopping is supported
· FFS details
RAN1#97 (May 2019)
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
RAN1#98 (Aug. 2019)
Agreements:
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:
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 
· 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

RAN1#98bis (Oct. 2019)
Agreements:
· Do not support PUSCH mapping type A for Option 4.

Agreements:
· 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:
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:
· 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:
For frequency hopping for Rel-16 PUSCH, the number of actual hopping locations in frequency is 2.
Agreements:
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:
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:
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).

Agreements:
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”.
Agreements:
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:
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:
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:
· 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
RAN1#99 (Nov. 2019)
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.

Agreement
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
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:
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


Appendix B: Related Rel-15 RRC parameters
PUSCH-Config ::=                        SEQUENCE {
    dataScramblingIdentityPUSCH             INTEGER (0..1023)                                                   OPTIONAL,   -- Need S
    txConfig                                ENUMERATED {codebook, nonCodebook}                                  OPTIONAL,   -- Need S
    dmrs-UplinkForPUSCH-MappingTypeA        SetupRelease { DMRS-UplinkConfig }                                  OPTIONAL,   -- Need M
    dmrs-UplinkForPUSCH-MappingTypeB        SetupRelease { DMRS-UplinkConfig }                                  OPTIONAL,   -- Need M

    pusch-PowerControl                      PUSCH-PowerControl                                                  OPTIONAL,   -- Need M
    frequencyHopping                        ENUMERATED {intraSlot, interSlot}                                   OPTIONAL,   -- Need S
    frequencyHoppingOffsetLists             SEQUENCE (SIZE (1..4)) OF INTEGER (1.. maxNrofPhysicalResourceBlocks-1)
                                                                                                                OPTIONAL,   -- Need M
    resourceAllocation                      ENUMERATED { resourceAllocationType0, resourceAllocationType1, dynamicSwitch},
    pusch-TimeDomainAllocationList          SetupRelease { PUSCH-TimeDomainResourceAllocationList }             OPTIONAL,   -- Need M
    pusch-AggregationFactor                 ENUMERATED { n2, n4, n8 }                                           OPTIONAL,   -- Need S
    mcs-Table                               ENUMERATED {qam256, qam64LowSE}                                     OPTIONAL,   -- Need S
    mcs-TableTransformPrecoder              ENUMERATED {qam256, qam64LowSE}                                     OPTIONAL,   -- Need S
    transformPrecoder                       ENUMERATED {enabled, disabled}                                      OPTIONAL,   -- Need S
    codebookSubset                          ENUMERATED {fullyAndPartialAndNonCoherent, partialAndNonCoherent,nonCoherent}
                                                                                                      OPTIONAL, -- Cond codebookBased
    maxRank                                 INTEGER (1..4)                                            OPTIONAL, -- Cond codebookBased
    rbg-Size                                ENUMERATED { config2}                                     OPTIONAL, -- Need S
    uci-OnPUSCH                             SetupRelease { UCI-OnPUSCH}                               OPTIONAL, -- Need M
    tp-pi2BPSK                              ENUMERATED {enabled}                                      OPTIONAL, -- Need S
    ...
}

ConfiguredGrantConfig ::=           SEQUENCE {
    frequencyHopping                    ENUMERATED {intraSlot, interSlot}                                       OPTIONAL,   -- Need S
    cg-DMRS-Configuration               DMRS-UplinkConfig,
    mcs-Table                           ENUMERATED {qam256, qam64LowSE}                                         OPTIONAL,   -- Need S
    mcs-TableTransformPrecoder          ENUMERATED {qam256, qam64LowSE}                                         OPTIONAL,   -- Need S
    uci-OnPUSCH                         SetupRelease { CG-UCI-OnPUSCH }                                         OPTIONAL,   -- Need M
    resourceAllocation                  ENUMERATED { resourceAllocationType0, resourceAllocationType1, dynamicSwitch },
    rbg-Size                            ENUMERATED {config2}                                                    OPTIONAL,   -- Need S
    powerControlLoopToUse               ENUMERATED {n0, n1},
    p0-PUSCH-Alpha                      P0-PUSCH-AlphaSetId,
    transformPrecoder                   ENUMERATED {enabled, disabled}                                          OPTIONAL,   -- Need S
    nrofHARQ-Processes                  INTEGER(1..16),
    repK                                ENUMERATED {n1, n2, n4, n8},
    repK-RV                             ENUMERATED {s1-0231, s2-0303, s3-0000}                                  OPTIONAL,   -- Need R
    periodicity                         ENUMERATED {
                                                sym2, sym7, sym1x14, sym2x14, sym4x14, sym5x14, sym8x14, sym10x14, sym16x14, sym20x14,
                                                sym32x14, sym40x14, sym64x14, sym80x14, sym128x14, sym160x14, sym256x14, sym320x14, sym512x14,
                                                sym640x14, sym1024x14, sym1280x14, sym2560x14, sym5120x14,
                                                sym6, sym1x12, sym2x12, sym4x12, sym5x12, sym8x12, sym10x12, sym16x12, sym20x12, sym32x12,
                                                sym40x12, sym64x12, sym80x12, sym128x12, sym160x12, sym256x12, sym320x12, sym512x12, sym640x12,
                                                sym1280x12, sym2560x12
    },
    configuredGrantTimer                    INTEGER (1..64)                                                     OPTIONAL,   -- Need R
    rrc-ConfiguredUplinkGrant               SEQUENCE {
        timeDomainOffset                        INTEGER (0..5119),
        timeDomainAllocation                    INTEGER  (0..15),
        frequencyDomainAllocation               BIT STRING (SIZE(18)),
        antennaPort                             INTEGER (0..31),
        dmrs-SeqInitialization                  INTEGER (0..1)                                                  OPTIONAL,   -- Need R
        precodingAndNumberOfLayers              INTEGER (0..63),
        srs-ResourceIndicator                   INTEGER (0..15)                                                 OPTIONAL,   -- Need R
        mcsAndTBS                               INTEGER (0..31),
        frequencyHoppingOffset                  INTEGER (1.. maxNrofPhysicalResourceBlocks-1)                   OPTIONAL,   -- Need R
        pathlossReferenceIndex                  INTEGER (0..maxNrofPUSCH-PathlossReferenceRSs-1),
        ...
    }                                                                                                           OPTIONAL,   -- Need R
    ...
}

CG-UCI-OnPUSCH ::= CHOICE {
    dynamic                                 SEQUENCE (SIZE (1..4)) OF BetaOffsets,
    semiStatic                              BetaOffsets
}

-- ASN1START
-- TAG-DMRS-UPLINKCONFIG-START

DMRS-UplinkConfig ::=               SEQUENCE {
    dmrs-Type                           ENUMERATED {type2}                                                  OPTIONAL,   -- Need S
    dmrs-AdditionalPosition             ENUMERATED {pos0, pos1, pos3}                                       OPTIONAL,   -- Need S
    phaseTrackingRS                     SetupRelease { PTRS-UplinkConfig }                                  OPTIONAL,   -- Need M
    maxLength                           ENUMERATED {len2}                                                   OPTIONAL,   -- Need S
    transformPrecodingDisabled          SEQUENCE {
        scramblingID0                       INTEGER (0..65535)                                              OPTIONAL,   -- Need S
        scramblingID1                       INTEGER (0..65535)                                              OPTIONAL,   -- Need S
        ...
    }                                                                                                       OPTIONAL,   -- Need R
    transformPrecodingEnabled           SEQUENCE {
        nPUSCH-Identity                     INTEGER(0..1007)                                                OPTIONAL,   -- Need S
        sequenceGroupHopping                ENUMERATED {disabled}                                           OPTIONAL,   -- Need S
        sequenceHopping                     ENUMERATED {enabled}                                            OPTIONAL,   -- Need S
        ...
    }                                                                                                       OPTIONAL,   -- Need R
    ...
}

-- TAG-DMRS-UPLINKCONFIG-STOP
-- ASN1STOP

1
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