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1. Introduction
At the RAN1 #95 meetings, following agreements were made for enhanced UL transmission with configured grant for URLLC [1]:
	Agreements:
· Multiple active configured grant configurations for a given BWP of a serving cell should be supported at least for different services/traffic types and/or for enhancing reliability and reducing latency 
· FFS details
· Note: it is understood that the above may be related to RAN2-led work on intra-UE multiplexing
Agreement:
· One PUSCH transmission instance is not allowed to cross the slot boundary for UL configured grant 
Agreements:
· For whether to support explicit HARQ-ACK for configured grant for UL, at least study further gNB’s missed detection performance of the PUSCH under configured grant
· Study how to resolve gNB’s missed detection if it is an issue 
· Study should take at least following into account:
· Companies report the false alarm target 
· Companies report the DMRS configuration assumptions
· The number of UEs sharing the time/frequency-domain grant free resource: 1 is the baseline, larger than 1 can also be considered



In this contribution, we present our views on enhanced UL transmission with configured grant for URLLC. 
2. Multiple active configured grant configurations for a given BWP of a serving cell
In the last meeting, it was agreed to support multiple active configured grant configurations for a given BWP of a serving cell. In the following, we will discuss the enhancements for higher layer configurations and physical layer signalling to support the multiple active configured grant configurations for a given BWP based on Rel.15 design. 
Higher layer configurations
For the multiple active configured grant configurations, the maximum number of active configured grant configurations for a given BWP should be determined such that the use case of supporting different services/traffic types and the use case of reducing the latency while ensuring the reliability are well covered. Considering the maximum number of configured SR resource per BWP of a cell is 8 and the maximum number of repetition factor is 8, 8 can be the maximum number of configured grant configurations for a given BWP of a serving cell. Therefore, following is proposed: 
Proposal 1:
· Design multiple configured grant configurations such that the maximum number of configured grant configurations for a given BWP of a serving cell in the specification to be at most 8.

Currently, there are two Types of configured grant transmission, i.e., Type 1 and Type 2. Type 1 is useful when the traffic profile or resource usage is not much changed and the PDCCH overhead is a bottleneck of the system capacity, while Type 2 is advantageous in other cases. Therefore, Rel.16 enhancements should be applicable to both Type 1 and Type 2 configured grant configurations, and multiple active configured grant configurations should be available for both Type 1 and Type 2 for a given BWP of a serving cell. 
When multiple configured grant configurations are configured/active, introducing a configuration index for each configured grant configuration is a straightforward way to manage and differentiate different configured grant configurations. For Type 2 configured grant, a configuration index can also be used in the activation/deactivation DCI to indicate which configuration is activated/deactivated. Another way is to introduce multiple RNTIs that are associated to different configured grant configurations; however, it is  expected that large number of RNTIs will be consumed in the cell, causing RNTI capacity shortage. Therefore, former is preferred. 
For configured uplink grants, the HARQ Process ID associated with the first symbol of a UL transmission is derived from the following equation: 
HARQ Process ID = [floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes
where CURRENT_symbol=(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + slot number in the frame × numberOfSymbolsPerSlot + symbol number in the slot), and numberOfSlotsPerFrame and numberOfSymbolsPerSlot refer to the number of consecutive slots per frame and the number of consecutive symbols per slot [2]. To avoid the HARQ Process ID collision between different configurations, it is also necessary to introduce HARQ Process ID offset for each configuration.
Proposal 2:
· A configuration index should be introduced for each configured grant configuration.
· The configuration index is used to manage and distinguish the configurations.
· A HARQ Process ID offset should be introduced for each configured grant configuration.
· The HARQ Process ID offset is used to avoid HARQ Process ID collisions between configurations.

Note that in Rel.15, some parameters are independently defined for ConfiguredGrantConfig and PUSCH-Config, while some other parameters are not provided in ConfiguredGrantConfig follows PUSCH-Config, for example: parameters of dataScramblingIdentityPUSCH, txConfig, codebookSubset, maxRank, scaling of UCI-OnPUSCH and tp-pi2BPSK are not in the ConfiguredGrantConfig. At the end of Rel.15 WI, it was extensively discussed how these parameters can be flexible configured, taking into account total DCI payload size, fixed NDI position to differentiate between activation/deactivation signalling and re-scheduling signalling, etc. Rel.15 tight timeline requires rushing agreements and hence the design was not much clean. In Rel.16, for URLLC and for other WIs/SI, PUSCH would be enhanced and additional parameters will be defined for PUSCH configuration. The signalling design for configured grant should be designed to be cleaner, universal, and efficient..
To support different services/traffic types running simultaneously at the UE side, it is natural that most of the parameters should be configurable among multiple configured grant configurations separately since different services/traffic types having different requirements and traffic patterns including the traffic arrival time/periodicity, packet size, target BLER, etc. 
To ensure K repetitions while reduce latency by multiple configurations, it is not always necessary to allow full configurability. For example, the parameters such as waveform, MCS table, periodicity, repetition factor, RV sequence, transmission duration, etc, can be common across configurations for K repetitions. It is very useful to study the RRC signaling overhead reduction considering the oversized RRC signaling for NR [3]. Other parameters for different configurations for K repetitions can be separately configured or have some regularity among the configurations such as the starting offset difference among configurations, DMRS configuration/sequence, and HARQ ID offset if it is introduced/defined. By this, it is possible to treat the multiple configurations as one configuration set or one configuration group. Fig.1 gives an example, in which with the same configured grant configuration group, most parameters can be common for all configurations; across the configured grant configuration group, all parameters can be separately configured to accommodate different service/traffic types.  
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Fig. 1	Concept of configured grant configuration group.
Proposal 3:
· Introduce a concept of configured grant configuration group.
· UE can be configured with one or more configured grant configuration group.
· Within a group,
· UE can be configured with one or more configured grant configurations.
· Use of multiple configured grant configurations is to ensure K repetitions with reduced latency.
· Some parameters should be common across configured grant configurations.
· Some parameters should be independent across configured grant configurations.
· Across groups,
· Some parameters should be common across the groups.
· Some parameters should be independent across the groups.
· Use of multiple configured grant configuration groups is to support various service/traffic types.

Physical layer aspects 
For Type 2 configured grant configuration, L1 signalling is needed to activate/deactivate the transmission. In Rel.15, DCI format 0_0 and 0_1 with CRC scrambled by CS-RNTI can be used as activation signalling, where DCI format 0_0 only supports single antenna port transmission and DCI format 0_1 can support multiple antenna port transmission. To reduce the signalling overhead, only DCI format 0_0 is used for deactivation signalling. Following special fields are defined to validate and differentiate the activation signalling, deactivation signalling [4].
 Table 10.2-1: Special fields for DL SPS and UL grant Type 2 scheduling activation PDCCH validation
	
	DCI format 0_0/0_1 
	DCI format 1_0
	DCI format 1_1

	HARQ process number
	set to all '0's
	set to all '0's
	set to all '0's

	Redundancy version
	set to '00'
	set to '00'
	For the enabled transport block: set to '00'



Table 10.2-2: Special fields for DL SPS and UL grant Type 2 scheduling release PDCCH validation
	
	DCI format 0_0 
	DCI format 1_0

	HARQ process number
	set to all '0's
	set to all '0's

	Redundancy version
	set to '00'
	set to '00'

	Modulation and coding scheme
	set to all '1's
	set to all '1's

	Frequency domain resource assignment
	set to all '1's
	set to all '1's



In Rel.16, which configuration(s) is/are activated/deactivated needs to be indicated in the activation/deactivation signalling. Following options can be studied in terms of signalling overhead, activation/deactivation latency, scheduling flexibility etc. 
· For activation and/or deactivation signalling, 
· Option 1: Each configuration is activated/deactivated by individual activation/deactivation DCI 
· Option 2: Multiple configurations are activated/deactivated by one activation/deactivation DCI
· Option 3: Support both option 1 and option 2
Obviously, option 1 can achieve the highest scheduling flexibility while the overhead is large, since the activation is per configuration. The confirmation MAC CE may also need to be per configuration. Different configurations would need to be activated in different TTIs and therefore, the activation latency also increases along with the supported number of configurations. For option 2, the signalling overhead and activation delay is reduced while the scheduling is not so flexible. Option 1 is suitable if multiple configurations is for different traffics while option 2 is suitable for a given traffic type. Therefore, both options should be supported, that is option 3. Both explicitly introduce a new filed or re-use/interpret the existing filed to indicate which configuration(s) can be further studied: one possible way is to re-interpreted RV field and/or HPN filed, since they are not used for differentiation the activation and deactivation signalling. 
Proposal 4:
· Support following options for activation or deactivation of Type 2 configured grant configurations
· Option 1: Each configuration is activated/deactivated by individual activation/deactivation DCI 
· Option 2: Multiple configurations are activated/deactivated by one activation/deactivation DCI
· Option 3: Support both option 1 and option 2
· An indicator(s) in activation/deactivation DCI is needed to differentiate configured grant configuration(s).
· FFS whether existing field(s) (e.g. HARQ process number, Redundancy version) is reused or a new field is added
3. Mechanisms to ensure K repetitions 
In Rel.15, in order to ensure K repetitions, RV sequence of {0, 2, 3, 1} needs to be configured. However, with this RV sequence, the first transmission occasion is available only every 4 transmission occasions. RV sequence of {0, 0, 0, 0} allows the first transmission occasion to be any transmission occasions except the last transmission occasion when K=8. However, the repetition is terminated when the end of the period P comes. For achieving both flexible transmission starting positions and ensuring K repetitions, enhancements are necessary. 
Generally, two options can be considered:
Option 1: multiple active configured grant configurations for a BWP of a serving cell
Option 2: repetition(s) across the boundary of a period P
Option 1 was already agreed to be supported for Rel.16 URLLC. The mechanism is simple and similar as in LTE HRLLC WI. As shown in Fig.2 below, the main points for this option are:
· The multiple configured grant configurations have the same periodicity but can have different time offsets
· UE can start PUSCH transmission at the beginning of a first repetition of a transmission occasion of a configured grant configuration and continue K times repetition
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Fig. 2.	Option 1: Multiple grant-free (GF) configurations in time-shifting manner

Option 2 was already discussed in Rel.15. The starting position for initial transmission can be any transmission instances configured within the periodicity, the K repetitions are ensured by allowing the repetitions cross the periodicity if the actual initial transmission does not perform at the 1st transmission instance. The main concern of this option is that it largely increases the number of hypothesis on the start and end of a data transmission for gNB, the probability of false alarm detection is also increased which impacts the reliability. Since the K repetitions are floating, gNB cannot manage/schedule the resource efficiently. In addition, the HARQ process number identification also needs to be addressed. Large specification efforts can be expected. 
Based on above analysis, we propose following:
Proposal 5: 
· Following observation is captured in the TR under the “Ensuring K repetitions” subclause:
· Multiple active configured grant configurations for a given BWP of a serving cell is beneficial to ensure K repetitions while reducing latency.
· Different configurations have different time offset for the transmission occasion of the first repetition.
4. Mini-slot repetitions 
For PUSCH repetitions, it is desirable that common framework can be adopted for both grant-based transmission and configured grant transmission. 
As agreed in the last meeting, generally there are two options for PUSCH repetitions constructions which is the same between the grant-based PUSCH transmission and configured grant PUSCH transmission. 
· Option 1: Two or more PUSCH repetitions can be constructed in one slot, or across slot boundary in consecutive available slots
· Option 2: Two or more PUSCH repetitions can be constructed in consecutive available slots, with one repetition in each slot with possibly different starting symbols and/or durations
In Rel.15 URLLC, two solutions to realize lower coding rate are specified: (1) new MCS table for lower coding rate and (2) PDSCH/PUSCH repetitions across slots (also called as slot-aggregation), while the time-domain resource allocation is the same for each repetition within each slot. For the same transport block size, as long as the code rate is sufficiently low, lower MCS and repetition offers similar performance gain. However, according to Rel.15 mechanism, PDSCH/PUSCH repetition across slots is not well suited for URLLC use-cases; since the repetition is performed such that same start/length for each slot is repeated across slots (see Fig. 3), by increasing repetition factor, the latency increases. Therefore, option 1 and option 2 are proposed to enhance the repetition construction so that the repetitions are not limited to the same start/length across slots, as shown in Fig. 4 (a) and Fig. 4 (b).
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Fig. 3	Rel.15 PUSCH repetition mechanism
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(a) Repetition Option 1                                        (c) Repetition Option 2
Fig. 4	Rel.16 PUSCH repetition enhancements.
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(a) DMRS sharing for 2ed repetition                             (b) Additional DMRS for single long TTI                                       
Fig. 5	Two additional variants for PUSCH repetition option 2
Option 2 supports mini-slot repetitions only when the slot boundary is going to be crossed. That means whether mini-slot repetition is applied or single longer transmission is performed depends on when the traffic comes. However, especially for aperiodic and non-deterministic traffic, a gNB cannot control whether to apply mini-slot repetition or not and the gNB always needs to prepare for the mini-slot repetitions and ensure that the PUSCH can achieve the URLLC requirement when mini-slot repetition is performed as seen in Fig. 4 (b) when the traffic comes in the second sub-slot. In this case, the repetition construction is the same as option 1. To maintain the benefit of option 2, less DMRS overhead should be enabled. One solution is to allow the second repetition to share the DMRS with the first repetition as shown in Fig. 5 (a). However, cross-slot DMRS sharing requires stable power, stable resource allocation, no frequency hopping, across all the UL-CCs where the RF components are shared (e.g., intra-band CA), and across slots, which is further restrictive compared to DMRS sharing within one slot. Besides, for option 2, if additional DMRS is configured on a longer PUSCH transmission to achieve good channel estimation accuracy which is necessary especially for low code rate, the option 2 becomes equivalent to option 1.
For option 1, many benefits have been identified [5]; lower processing time for gNB’s receiver since by enabling repetitions within shorter time window, gNB can successfully decode the packets after the first and the second repetitions, lower data rate than what is defined in Rel.15 low SE MCS table, etc. The most remarkable benefit for option 1 from our point of view is that it can be combined with precoder/QCL (or SRI)-cycling across repetitions within a shorter time window so that macroscopic/microscopic spatial diversity gain can be obtained and BLER performance is improved for URLLC scenario as illustrated. 
Fig. 6 briefly introduces performance benefit of precoder/QCL (or SRI)-cycling across PUSCH repetitions. For 30GHz, both with blockage and without blockage are evaluated. Here, the TB of size 256 bits is delivered by either 8-symbol PUSCH or 2 times repeated 4-symbol PUSCH. For fair comparison, the number of PUSCH PRBs is fixed between with and without repetitions; as a consequence, MCS indexes (code rates) are different. 
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Fig. 6	PUSCH BLER performances 
As can be seen by the results, repetitions with precoder/QCL (or SRI)-cycling offers extra diversity gain and provides significant gain especially at lower BLER operating point. When blockage is considered, the required SINR to achieve the reliability is increased compared with no blockage case, while the gain obtained by repetitions over multiple TRPs compared to single transmission over one transmission point becomes larger with the BLER operating point getting lower. This shows the effectiveness of the precoder/QCL (or SRI)-cycling across PUSCH repetitions. In [7], further evaluations and investigations for URLLC at 30GHz carrier frequency are provided. Based on above simulation results, we can conclude that PUSCH repetitions within a short time window is necessary for Rel.16 URLLC. Also, PUSCH repetitions should be enabled over multiple-TRPs which is cover by Rel.16 MIMO WI [8]. Our proposals on repetitions over multiple TRPs from MIMO operation point of view are further provided in [8].
In summary, the actual benefits for option 2 are not seen compared to option 1. Rather option 1 is applicable to all the cases and should be supported.
Proposal 6:
· Support one UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots.
· Support PUSCH repetitions with precoder/QCL (or SRI)-cycling across repetitions.

For PUSCH repetitions within one slot, frequency hopping for the repetitions should also be further discussed. There are two options: 
Option 1: the hopping is performed over each repetition.
Option 2: the number of repetitions in the first hop is floor(N/2), the number of repetitions in the 2nd hop is ceiling (N/2) where N is the number of repetitions within a slot.
To achieve efficient resource management and frequency hopping gain, option 2 is preferred.
[bookmark: OLE_LINK5]Time-domain resource allocation for mini-slot based repetitions needs to be studied. In the last meeting, it was agreed that one PUSCH transmission instance is not allowed to cross the slot boundary at least for grant-based PUSCH, the agreement should also be applied for configured grant case. Keep this in mind, two options can be considered for time-domain resource allocation for mini-slot based repetitions.
Option 1: each repetition has same transmission length.
Since one slot consists of 14 symbols, only 1-symbol PUSCH with repetition factor K of 4, 2-symbol PUSCH with K of 7 and 7-symbol PUSCH with K of 2 can be efficiently filled in one slot. For other transmission durations and repetition factors, additional issue needs to be addressed is in case the remaining resource/symbols within one slot is not enough for one repetition.
Option 2: repetitions can have different transmission length.
This option adopts similar concepts in LTE HRLLC that repetition patterns within one slot for certain TTI length can be defined. For example, in case of 4-symbol PUSCH with repetition factor of 4, pattern of {4,3,3,4} within one slot can be defined and DMRS sharing can be studied together. 
In addition, which resources are considered as available to construct the repetition and the overriding/cancellation rules should be further discussed for configured grant transmission targeting to URLLC services. The repetitions can be performed on the resources indicated as UL and flexible by TDD-UL-DL-ConfigurationCommon, or TDD-UL-DL-ConfigDedicated, and it is not expected that the configured grant resource used for URLLC service can be overridden by dynamic signalling indicating DL or flexible.

Proposal 7:
· Capture following options of PUSCH repetition in the TR.
· Frequency-hopping
· E.g., the number of repetitions in the first hop is floor(N/2), the number of repetitions in the 2nd hop is ceiling (N/2) where N is the number of repetitions within a slot
· Time-domain resource allocation, one PUSCH transmission instance is not allowed to cross the slot boundary for grant-free PUSCH in addition to grant-based PUSCH 
· Option 1: each repetition has same transmission length.
· Option 2: each repetition can have different transmission length.

5. Necessity of explicit HARQ-ACK feedback
Regarding the detection for the configured grant PUSCH transmission, there are three possible results: 
(1) PUSCH has been successfully decoded at the gNB side. In this case, gNB does not transmit DCI to schedule the re-transmission;
(2) PUSCH has been identified while the PUSCH has not been successfully decoded at the gNB side. In this case, gNB would transmit DCI to schedule the re-transmission;
(3) PUSCH has not been identified e.g. UE skipping the transmission or PUSCH miss-detection happens. In this case, gNB does not transmit DCI to schedule the re-transmission. 
In Rel.15, if the UE does not receive DCI for scheduling the re-transmission for the HARQ process until the configuredGrantTimer expires, the UE considers the uplink transmission is acknowledged as ACK, same as the result of (1). Therefore, it has been proposed to support the explicit HARQ-ACK feedback to avoid the impact from the gNB’s miss-detection. Based on the discussion in the last meeting, it was agreed to first study gNB’s missed detection performance of the PUSCH under configured grant. 
Fig. 7 and Fig. 8 shows the BLER and miss-detection performance for configured grant PUSCH at 4GHz and at 30GHz, respectively. For 30GHz, blockage is modelled. False-alarm is the case where gNB falsely detects the PUSCH. In this case, mostly the falsely detected PUSCH will not pass the CRC check and hence, the gNB will schedule re-transmission. Therefore, it is not natural if false-alarm target is very high compared to the target BLER. Therefore, we set false alarm targets as 10-3 and 10-5. gNB conducts the blind detection based on the DMRS. The number of UEs sharing the the time/frequency-domain configured grant resource is 1. One and two DMRS per transmission are assumed depending on PUSCH configurations. For PUSCH transmission with two DMRS at 4GHz, joint detection by using the two DMRS is performed in the simulation. For 30GHz, since the performance is very bad due to blockage, we apply PUSCH repetition across multiple TRPs [7, 9]. Details on the evaluation assumptions can be found in the appendix.
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Fig. 7	BLER/Miss-detection probability using DMRS-based blind detection at 4GHz
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Fig. 8	BLER/Miss-detection probability using DMRS-based blind detection at 30GHz
At 4GHz, 2 DMRS symbols are used for detecting PUSCH with 36 RBs, while 1 DMRS symbol is used for detecting PUSCH with 36 RBs. From the results in Fig. 7, it can be observed that having more DMRS REs improves the miss detection performance. When miss detection is the dominant factor of BLER when the false alarm target is 10-5, and PUSCH is with 36 RBs, while it is not the dominant factor for other cases. In all cases, miss detection is one of the causes of block error. Hence, miss detection probability is always lower than BLER. Even with the false alarm target of 10-3 and 10-5, as long as PUSCH configuration is controlled such that target BLER is achieved with the operating SINR point, the miss detection would not be a specific issue for configured grant. 
At 30GHz, since repetition across multiple TRPs is applied, each PUSCH has two DMRS symbols; one for each repetition where two repetitions are transmitted in total. Therefore, compared to the cases at 4GHz in Fig. 7, Fig. 8 shows closer miss detection probability curves for 36 RBs and 8 RBs. Nevertheless, same as for the case at 4GHz, miss detection probability can be controlled as long as PUSCH configuration is adjusted such that target BLER is achievable with the operating SINR point, the miss detection would not be a specific issue for configured grant.
Taking one step back, even if gNB’s miss detection is issue, by gNB’s implementation, gNB can configure as many additional DMRS as possible, set lower false-alarm target, etc to improve the miss detection performance. Alternatively, gNB can transmit DCI for scheduling re-transmission and trigger one A-CSI report, when gNB does not detect the PUSCH transmission on the configured grant; then the UE will send re-transmission PUSCH even if the UE has no UL data to transmit, and for this re-transmission scheduled by a DCI, miss-detection will not happen.
Observation: 
· It is observed that when the number of UEs sharing the time/frequency-domain grant free resource is one, gNB’s miss detection performance can be lower than the URLLC requirement at the operating SNR point with appropriate DMRS configuration, Resource allocation and false alarm target setting etc.    
Proposal 8:
· Unless strong benefit is identified, explicit positive HARQ-ACK feedback from gNB to UE is not supported.
· UL grant scrambled by C-RNTI or new-RNTI scheduling the new TB transmission of the same HARQ process can indicate “ACK” 
· UL grant scrambled by CS-RNTI scheduling the same TB initially transmitted without grant can indicate “NACK”
· Above UL grant scheduling the new transmission or retransmission can be used during and after the K repetition
· If strong benefit is identified, explicit positive HARQ-ACK feedback from gNB to UE is realized by a PDCCH.

6. Conclusion
In this contribution, we discussed the enhancements to the UL transmission with configured grant for URLLC. Following is the summary: 
Proposal 1:
· Design multiple configured grant configurations such that the maximum number of configured grant configurations for a given BWP of a serving cell in the specification to be at most 8.
Proposal 2:
· A configuration index should be introduced for each configured grant configuration.
· The configuration index is used to manage and distinguish the configurations.
· A HARQ Process ID offset should be introduced for each configured grant configuration.
· The HARQ Process ID offset is used to avoid HARQ Process ID collisions between configurations.
Proposal 3:
· Introduce a concept of configured grant configuration group.
· UE can be configured with one or more configured grant configuration group.
· Within a group,
· UE can be configured with one or more configured grant configurations.
· Use of multiple configured grant configurations is to ensure K repetitions with reduced latency.
· Some parameters should be common across configured grant configurations.
· Some parameters should be independent across configured grant configurations.
· Across groups,
· Some parameters should be common across the groups.
· Some parameters should be independent across the groups.
· Use of multiple configured grant configuration groups is to support various service/traffic types.
Proposal 4:
· Support following options for activation or deactivation of Type 2 configured grant configurations
· Option 1: Each configuration is activated/deactivated by individual activation/deactivation DCI 
· Option 2: Multiple configurations are activated/deactivated by one activation/deactivation DCI
· Option 3: Support both option 1 and option 2
· An indicator(s) in activation/deactivation DCI is needed to differentiate configured grant configuration(s).
· FFS whether existing field(s) (e.g. HARQ process number, Redundancy version) is reused or a new field is added
Proposal 5: 
· Following observation is captured in the TR under the “Ensuring K repetitions” subclause:
· Multiple active configured grant configurations for a given BWP of a serving cell is beneficial to ensure K repetitions while reducing latency.
· Different configurations have different time offset for the transmission occasion of the first repetition.
Proposal 6:
· Support one UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots.
· Support PUSCH repetitions with precoder/QCL (or SRI)-cycling across repetitions.
Proposal 7:
· Capture following options of PUSCH repetition in the TR.
· Frequency-hopping
· E.g., the number of repetitions in the first hop is floor(N/2), the number of repetitions in the 2nd hop is ceiling (N/2) where N is the number of repetitions within a slot
· Time-domain resource allocation, one PUSCH transmission instance is not allowed to cross the slot boundary for grant-free PUSCH in addition to grant-based PUSCH 
· Option 1: each repetition has same transmission length.
· Option 2: each repetition can have different transmission length.
Observation: 
· It is observed that when the number of UEs sharing the time/frequency-domain grant free resource is one, gNB’s miss detection performance can be lower than the URLLC requirement at the operating SNR point with appropriate DMRS configuration, Resource allocation and false alarm target setting etc.    
[bookmark: _GoBack]Proposal 8:
· Unless strong benefit is identified, explicit positive HARQ-ACK feedback from gNB to UE is not supported.
· UL grant scrambled by C-RNTI or new-RNTI scheduling the new TB transmission of the same HARQ process can indicate “ACK” 
· UL grant scrambled by CS-RNTI scheduling the same TB initially transmitted without grant can indicate “NACK”
· Above UL grant scheduling the new transmission or retransmission can be used during and after the K repetition
· If strong benefit is identified, explicit positive HARQ-ACK feedback from gNB to UE is realized by a PDCCH.
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Appendix: Simulation assumptions for PUSCH repetitions
Table: Link level simulation assumptions

	Parameter
	Value

	Carrier Frequency
	4 GHz
	30GHz

	Sub-carrier Spacing
	30kHz
	120KHz

	Bandwidth
	106 RBs
	66RBs

	Waveform
	CP-OFDM

	DMRS configuration
	DMRS configuration type 1
PDSCH mapping type B

	Channel Model
	TDL-C, Delay spread 100 ns, UE spread 3 km/h
	CDL-A DS 20ns with/without blockage, UE spread 3 km/h

	gNB antenna configuration
	4Rx
	2Rx

	UE antenna configuration
	2Tx
	2Tx

	Channel Estimation
	MMSE

	Noise Estimation
	Ideal

	Repetitions
	8-symbol PUSCH without repetition
4-symbol PUSCH with two repetitions

	RV 
	For 8-symbol PUSCH, RV=0
For 4-symbol PUSCH, RV =[0, 2] with soft combining
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