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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Based on Tuesday’s online discussion, following agreements were made:
Observations:
· PUSCH miss detection performance highly depends on the PUSCH configurations such as DMRS configuration, resource allocation, and false-alarm target setting.
· If a configured grant PUSCH resource is not shared by multiple UEs, 
· 7 companies observed that if the reliability requirement is to be met by a single transmission, all the results show that PUSCH miss detection probability is lower than the PUSCH target BLER under the respective evaluation assumptions (e.g., MCS levels, etc.).
Agreements:
· In Rel-16, for both Type 1 and Type 2 configured grant and when multiple active configurations are configured in a BWP, transmission of a TB based on the configured grant is associated with a single active configuration, even if the transmission is repeated
Following needs to be further discussed:
Proposals:
Observations:
· 2 companies observe that if the reliability requirement is to be met by HARQ re-transmission, the target BLER of the initial transmission can be relaxed such that the residual BLER after the re-transmission achieves the overall target BLER; however, even in this case, miss detection probability cannot be relaxed, otherwise the overall PUSCH reliability target cannot be achieved. 
· 1 company observes that even if the BLER target of the initial transmission is relaxed, the target SINR for decoding PUSCH is still higher than that of the DMRS miss detection.
· Whether the miss detection might be an issue depends on PUSCH DMRS configurations, resource allocation, false-alarm target setting and detection algorithms. 
· This also depends on whether it is feasible and beneficial to relax target BLER of the initial transmission while relying on HARQ re-transmission to achieve target reliability within the latency bound.
Note: The reliability of PDCCH scheduling the retransmission also needs to be considered to achieve overall PUSCH reliability target.
2 Offline discussion results 
2.1 Address the yellow part
Observation:
· [bookmark: OLE_LINK2][bookmark: OLE_LINK3]If the overall PUSCH BLER target requirement is to be met by uplink grant based HARQ re-transmission for the configured grant PUSCH, the BLER of the configured grant PUSCH transmission can be higher than the overall PUSCH BLER target such that the residual BLER after the re-transmission achieves the overall PUSCH BLER target; even in this case, miss detection probability for configured grant PUSCH should not be higher than the overall PUSCH BLER target. 

2.2 Discuss for more than one UE sharing the same CG resource: 
· [HW, 0865], [Nokia, 0932] and [OPPO, 0287] assumes 2 UEs, [CATT, 0336], [ZTE, 0075], [vivo, 0132], [Panasonic, 1291], [DOCOMO, 0974], [QUALCOMM, 0901], assume 1 UE.
· Some companies believe no more than one UE should be evaluated while some other companies think more than one UE needs to be further evaluated. For next meeting guidance, following proposal is made:

Proposal:
Proponents for more than one UEs are encouraged to provide simulation results and observations for the following:
· When the configured grant PUSCH resource is shared by multiple UEs, for a configured grant PUSCH transmission, evaluate the PUSCH miss detection probability at 5%-tile SINR
· As the baseline, following are assumed:
· False-alarm target: 1% as baseline
· Number of UEs sharing the resource: 2
· DMRS configuration type 1 without additional DMRS, where
· DMRS of UEs sharing the resources are multiplexed on Rel.15 CDM manner
· DMRS of UEs sharing the resources are multiplexed in FDM manner
· Note: the miss detection probability of FDM manner is the same as the single UE case
· Number of PRBs: 8, 16, 32, 64, 128
· Channel model: TDL-C with DS 30ns and 300ns
· Other values are not precluded, companies selecting other values should give the reason.
· Companies report the detection algorithm 

2.3 Others
Proposal 1:
· Multiple active configured grant configurations can be enabled for both Type 1 and Type 2 configured grant PUSCH for a given BWP of a serving cell.
· Maximum allowable number of active configurations for a given BWP of a serving cell is X, where X=8 can be the starting point

Proposal 2:
· For Type 2 multiple configured grant configurations, a DCI can activate 
· Option 1: one configured grant configuration
· Option 2: multiple configured grant configurations.
· Option 3: one or multiple configured grant configurations.
· An indicator is used to differentiate configured grant configurations.
· For Type 2 multiple configured grant configurations, a DCI can deactivate
· Option 1: one configured grant configuration
· Option 2: multiple configured grant configurations.
· Option 3: one or multiple configured grant configurations.
· An indicator is used to differentiate configured grant configurations.
· FFS exact details of activation/deactivation DCI
· E.g., whether the indicator is existing field(s) or a new field

Appendix
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Details for Explicit HARQ-ACK feedback
Regarding whether to support “explicit” HARQ-ACK feedback for configured grant PUSCH transmission, it was agreed in the last meeting to at least study further gNB’s missed detection performance of the configured grant PUSCH. [CATT, 0336] [vivo, 0132], [Panasonic, 1291], [Intel, 0498], [Huawei, 0865], [QC, 0901], [DCM, 0974], [Nokia, 0932], [ZTE, 0075], [OPPO, 0287] provide simulation results of gNB miss detection performance. Evaluation results are summarized in the attached excel sheets.


[ZTE, 0075], [CATT, 0336] [vivo, 0132], [Panasonic, 1291], [Intel, 0498], [QC, 0901], [DCM, 0974], provide simulation results of gNB miss detection performance where the PUSCH detection is carried out using the PUSCH DMRS, assuming that the configured grant PUSCH resource is not shared by multiple UEs. It is observed from the results by these companies that the miss detection probability highly depends on DMRS configuration, resource allocation, false alarm targets, etc. 
	Contribution [DCM, 0974]
[image: ]	[image: ]
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


[CATT, 0336], [vivo, 0132], [Panasonic, 1291], [DCM, 0974] show that miss detection performance is lower than target BLER at an operating SNR point and hence it should not be a critical issue. [QC, 0901] shows that at an operating SNR point, PUSCH miss detection probability is lower than PUSCH decoding failure probability. [Intel, 0498] analyzes that the DMRS detection threshold can be set such that miss detection probability is negligible at an operating SNR of -7dB or higher. [CATT, 0336], [Panasonic, 1291], [DCM, 0974] show that adjusting false-alarm target can further reduce the impact of PUSCH miss detection.
	Contribution [QC, 0901]
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Figure 3: DMRS detection probability vs. PUSCH decoding BLER. A single-layer PUSCH with 12 RBs is assumed. The antenna configuration is 1T4R.
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Figure 4: DMRS detection probability vs. PUSCH decoding BLER. A single-layer PUSCH with 12 RBs and 2 repetitions is assumed. The antenna configuration is 1T4R.


[Panasonic, 1291] and [ZTE, 0075] point out that target BLER of configured grant PUSCH can be relaxed by relying on HARQ re-transmission within the latency budget, while even in this case, miss detection probability of a configured grant PUSCH should still be very low to enable reliable HARQ re-transmission. This may impact on system performance, while the benefit of relying on HARQ re-transmission cannot be proved by the link-level evaluation of miss detection performance. Note that whether HARQ re-transmission can be used to achieve the reliability within the latency budget highly depends on multiple factors, e.g. reliability requirement, numerology, TDD configurations, UE processing capability, DMRS configurations, etc. Companies may have different understanding/assumption on whether HARQ re-transmission within the latency budget is the baseline. 
	Contribution [Panasonic, 1291]
· PM: Probability of gNB’s missed detection
· PPUSCH,1: Error probability of decoding the PUSCH for initial transmission
· PPDCCH: Error probability of decoding the PDCCH (UL grant), assume PPDCCH=10-5
· PPUSCH,2: Error probability of decoding the PUSCH for retransmission (grant-based transmission), assume PPUSCH,2=10-5
The error probability within first transmission and retransmission could be defined as
.
Table 1 Total error probability within first transmission and retransmission (Rel.15 NR)
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Offline consensus Observation 2.1-2:
· 2 companies observe that if the reliability requirement is to be met by HARQ re-transmission, the target BLER of the initial transmission can be relaxed such that the residual BLER after the re-transmission achieve the overall target BLER; however, even in this case, miss detection probability cannot be relaxed, otherwise the overall PUSCH reliability target cannot be achieved. 
· 1 company observes that even if the BLER target of the initial transmission is relaxed, the target SINR for decoding PUSCH is still higher than that of the DMRS miss detection.
· [bookmark: OLE_LINK14]Whether the miss detection might be an issue depends on PUSCH DMRS configuration, resource allocation, false-alarm target setting, detection algorithms and reliability of PDCCH scheduling the retransmission. 
· This also depends on whether it is feasible and beneficial to relax target BLER of the initial transmission while relying on HARQ re-transmission to achieve target reliability within the latency bound.
[HW, 0865] and [Nokia, 0932] provide simulation results of gNB miss detection performance where the PUSCH detection is carried out using the PUSCH DMRS, assuming that the configured grant PUSCH resource is shared by multiple UEs or is interfered by other cells. 
[HW, 0865] shows that intra-/inter-cell interference causes DMRS collision with non-orthogonal signal and degrades miss detection performance of configured grant PUSCH. 
	Contribution [HW, 0865]
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Figure 1 DMRS detection performance with and without intra-/inter-cell interference



[Nokia, 0932] presents that miss detection performance degrades under a channel with a larger delay spread (TDL-C 300ns) and cannot satisfy the performance requirement.
	Contribution [Nokia, 1306]
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Figure 2: Miss detection performance for UL CG PUSCH


Based on these results and discussions, following observations can be drawn. It is recommended to capture it in the TR.
From the system efficiency/performance point of view, companies have different views on whether or not the explicit HARQ-ACK feedback for configured grant PUSCH is necessary. 
[HW, 0865], [MTK, 0213], [InterDigital, 0807], [ZTE, 0075], [OPPO, 0287], [Nokia, 0932], [Motorola, Lenovo, 0942], [III, 1104] propose to support the explicit HARQ-ACK for early termination of the repetitions. [HW, 0865], [MTK, 0213] evaluate the benefits in terms of satisfied UE ratio, the collision rate and SINR CDF for configured grant transmission by explicit ACK to early terminate the repetitions. 
	Contribution [HW, 0865]
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          (a) MMSE-IRC                         (b) Advanced receiver
Figure 2 Performance comparison of different repetition schemes



	Contribution [MTK, 0213]
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Figure 7: UE’s collision comparison between configured-grant with and without explicit HARQ.
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Figure 8: CDF of SINR comparison between configured-grant with and without explicit HARQ.


[CATT, 0336], [vivo, 0132], [Ericsson, 0166], [Intel, 0498], [QC, 0901], [DCM, 0974], [Samsung, 1071] conclude no material benefits have been found to support the explicit HARQ-ACK. [Ericsson, 0166], [Sequans, 0681], [DCM, 0974] points out that it is questionable and challenging whether UE has sufficient time to process the signalling and timely stop the repetition. Even if it is feasible from UE processing timeline perspective, this early termination can be achieved by other ways, for example: by using dynamic SFI which has already been supported in Rel.15, or UL cancellation signaling which is under study in Rel.16 URLLC for inter-UE multiplexing/prioritization.
Therefore, further discussion is needed to make the consensus on the necessity of the explicit HARQ-ACK. 
Companies’ proposals
R1-1900336 On enhancements to configured UL grant operation CATT
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[bookmark: _Ref534936840]Figure 4 PUSCH missed detection rate for different false alarm rates
Table 1 Simulation assumptions for PUSCH missed detection
	Parameter
	Values

	Carrier frequency
	4 GHz 

	Numerology
	30 KHz, normal CP

	Channel
	TDL-C, DS = 300ns

	Waveform
	CP-OFDM

	System bandwidth
	20MHz

	Allocated bandwidth
	20 PRBs

	PUSCH duration 
	8 symbols

	Number of UEs 
	1

	DMRS configuration type
	1

	Antenna configuration
	1Tx, 4 Rx

	UE speed
	3km/h

	DMRS position
	1st OS

	Target false alarm rate
	1%, 10%



· Observation: a configurable mini-slot pattern within a slot can facilitate receiver detection of the transmitted CG configuration in case of a missed initial transmission when a UE is configured with multiple active CG configurations.
· Observation: a false alarm event for a configured UL grant does not cause a catastrophic system error, which allows a flexible selection of false alarm thresholds for PUSCH DTX detection
· Observation: relaxing the false alarm rate from 1% to 10% can significantly improve DTX performance by more than 1 dB at Pmiss = 10-4.
· Observation: no material benefits have been shown to support explicit HARQ-ACK in Rel-16. 
Proposal 1: both slot-based and mini-slot-based repetitions should be supported in Rel-16.
Proposal 2: consider a configurable mini-slot pattern within a slot with a fixed number of symbols per mini-slot for a CG configuration.
Proposal 3: further study HARQ process determination for PUSCH repetitions crossing the boundary of a CG period based on different DMRS sequences




R1-1900049 Enhanced UL configured grant transmissions Huawei, HiSilicon
	[bookmark: _Hlk526237089]Observation 1: Mini-slot-based repetitions can provide more opportunities within a slot to deliver a packet timely upon its arrival, and hence is a key approach to meeting the stringent latency requirement of Rel.16 URLLC services with periodic or a-periodic traffic.
Observation 2: Compared to single PUSCH transmission with flexible start, mini-slot-based repetitions have better performance in terms of overall latency due to shorter preparation time and possibility of early-decoding. 
[image: 图片1]
Figure 3 Single PUSCH transmission with flexible start leads to collision between DMRS and data
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Figure 4 Collision between DMRS and data leads to unacceptable performance on DMRS detection
	Parameters 
	Values 

	Carrier frequency 
	4GHz 

	Waveform 
	CP-OFDM 

	Subcarrier spacing 
	30KHz 

	Channel model 
	TDL-C100 

	Number of allocated PRB 
	8

	BS antenna configuration 
	4Rx 

	UE antenna configuration 
	1Tx 

	UE velocity 
	3km/h 

	DMRS detection mechanism 
	Time-domain correlation 

	DMRS pattern 
	1-symbol front-loaded DMRS with Type 2



Observation 3: Single PUSCH transmission with flexible start may lead to collision between DMRS and data in case the t/f resources are shared by multiple UEs, which will degrade obviously the performance of DMRS detection, and therefore is not able to support URLLC services with stringent requirements on both latency and reliability in Rel.16.
Observation 4: With low coding rate, coding gain of single PUSCH transmission with longer duration can be negligible. Moreover, compared to mini-slot-based repetitions, decoding performance of single PUSCH transmission with longer duration is more sensitive to DMRS detection as well as intra-/inter-cell interference, and the transmission cannot benefit from spatial diversity among repetitions.
· R1-1900046: More than 5dB loss can be observed at 1E-3 BLER for single PUSCH transmission with 14-symbol duration compared to two repetitions with each containing 7 symbols, if the second half of the 14 symbols are affected by strong interference which is modeled as an additional noise with variance of 4 times that of the background noise.
[image: ]
[bookmark: _Ref534707656]Figure 4: Partial interference model on long PUSCH and mini-slot PUSCH repetition within a slot  
[image: ]
[bookmark: _Ref534707834]Figure 5: The effect of partial interference on the performance of long PUSCH and mini-slot PUSCH repetition within a slot  
Observation 5: Compared to mini-slot-based repetitions, single PUSCH transmission with flexible start has much more specification impacts as well as UE implementation complexity.
Observation 6: Compared to mini-slot-based repetitions, single PUSCH transmission with flexible start and longer duration has no extra benefits but complicates the design of configured grant.
Observation 7: Using multiple active configurations of a UE to support K repetitions for enhancing reliability and reducing latency may not be efficient in terms of resource utilization, where different services/traffic types are not able to be supported for the UE.
Observation 8: Explicit HARQ-ACK feedback can enable UE to know whether the PUSCH transmission is successfully decoded or miss detected. If the transmission is not detected, retransmission can be triggered by UE itself to improve transmission reliability for R16 URLLC traffic.
Observation 9: Explicit HARQ-ACK feedback can facilitate early-termination of the repetitions which reduces the queuing delay of the new packets from the same UE and also the interference to other UEs, thus can improve both latency and reliability performance for R16 URLLC traffic.

Proposal 1: For both Type 1 and Type 2 configured grant in Rel.16, more than one mini-slot-based repetition within a slot should be supported.
Proposal 2: Single PUSCH transmission with flexible start has no need to be considered for configured grant in Rel.16.
Proposal 3: For both Type 1 and Type 2 PUSCH transmissions with configured grant in Rel.16, the multiple TOs for mini-slot-based K (>1) repetitions within a slot are configured following the scheme below  
· UE determines the first mini-slot-based transmission occasion in each period to start in a symbol as defined in 5.8.2 of TS 38.321 and have a time duration of L consecutive symbols;
· Each of the other K-1 mini-slot-based transmission occasions in one period consisting of L consecutive symbols immediately follows the previous TO but without crossing a slot boundary.
Proposal 4: For both Type 1 and Type 2 PUSCH transmissions with configured grant in Rel.16, the following options can be considered for indication of the repetition scheme in terms of either slot-based or mini-slot-based repetitions:
· Explicit indication by introducing a new RRC parameter.
· Implicit indication by comparing the resource periodicity P with a predefined value (FFS the value).
Proposal 5: For both Type 1 and Type 2 PUSCH transmission with a configured grant in Rel.16, the UE determines the available symbols in a slot configuration according to subclause 11.1 of TS 38.213. If the UE determines the number of symbols available for the PUSCH transmission with a configured grant is less than L in a TO, the transmission at that TO is postponed to the next available TO.
Proposal 6: DMRS sharing could be considered to reduce DMRS overhead for mini-slot-based repetitions.
Proposal 7: For both Type 1 and Type 2 configured grant in Rel.16, multiple active configurations for a given BWP of a serving cell should be supported at least for the use case of different services/traffic types. FFS other use cases.
Proposal 8: For the support of multiple active configurations per BWP for both Type 1 and Type 2 configured grant in Rel.16, 
· It is up to RAN2 to decide the maximum active configuration number.
· All the higher layer parameters of different configurations should be separately configured.
· In addition to the parameters defined in ConfiguredGrantConfig IE in Rel.15, at least a configuration index should be configured for each configuration.
· More values for repetition number should be supported, e.g., 3/5/6/7.
Proposal 9: For both Type 1 and Type 2 configured grant in Rel.16, repetitions (either slot-based or mini-slot-based) of a TB should be 
· Conducted within one configuration when multiple active configurations are configured in a BWP.
· Supported to cross a period boundary to improve the transmission reliability.
Proposal 10: For Type 2 configured grant in Rel.16, when configured with multiple active configurations in a BWP, the MSB of the HPN field in DCI format 0_0/0_1 is used for activation/deactivation validation, the other 3 bits are used for configuration index indication.
Proposal 11: For both Type 1 and Type 2 PUSCH transmission with configured grant, explicit HARQ-ACK feedback during or after K repetitions should be supported f Rel.16.
· Both group common DCI and UE-specific DCI can be considered for the delivery of HARQ-ACK indication.
· NACK can be assumed if no ACK or UL grant for retransmission scheduling is received when a grant-free transmission timer expires; a grant-free retransmission can be performed by a UE upon NACK.
Proposal 12: Inter-repetition hopping for grant-free transmission can be supported using pseudo random pattern associated with each UE.
Proposal 13: For both Type 1 and Type 2 PUSCH transmission with configured grant in Rel.16, dynamic indication of repetition number for GF2GB retransmission can be supported to improve the performance of PUSCH transmission with configured grant.


R1-1900865 Discussion on explicit HARQ-ACK feedback for configured grant transmission Huawei, HiSilicon
	To investigate the miss detection probability for such case, DMRS detection performance of single PUSCH transmission with and without intra-/inter-cell interference are simulated, and the results are shown in Figure 1. In the simulation, 6 potential UEs are assumed, of which only one UE is active. For DMRS configuration, 1-symbol front-loaded DMRS with Type 2 configuration is used. And to model the interference,  an interfering UE is assumed to transmit data in the DMRS symbol of the active UE with a same Tx power
Observation 1: Explicit HARQ-ACK feedback can enable UE to know whether the PUSCH transmission is successfully decoded or miss detected. If the transmission is not detected, retransmission can be triggered by UE itself to improve transmission reliability for R16 URLLC traffic.
Observation 2: Explicit HARQ-ACK feedback can facilitate early-termination of the repetitions which reduces the queuing delay of the new packets from the same UE and also the interference to other UEs, thus can improve both latency and reliability performance for R16 URLLC traffic.
Proposal 1: For both Type 1 and Type 2 PUSCH transmission with configured grant, explicit HARQ-ACK feedback during or after K repetitions should be supported f Rel.16.
· Both group common DCI and UE-specific DCI can be considered for the delivery of HARQ-ACK indication.
· NACK can be assumed if no ACK or UL grant for retransmission scheduling is received when a grant-free transmission timer expires; a grant-free retransmission can be performed by a UE upon NACK.




R1-1900866 Detailed design on multiple active configurations for configured grant transmission Huawei, HiSilicon
	Observation 1: Using multiple active configurations of a UE to support K repetitions for enhancing reliability and reducing latency may not be efficient in terms of resource utilization, where different services/traffic types are not able to be supported for the UE.
Proposal 1: For both Type 1 and Type 2 configured grant in Rel.16, multiple active configurations for a given BWP of a serving cell should be supported at least for different services/traffic types. FFS other use cases.
Proposal 2: For the support of multiple active configurations per BWP for both Type 1 and Type 2 configured grant in Rel.16, 
· It is up to RAN2 to decide the maximum number of active configurations for a BWP.
· All the higher layer parameters of different configurations should be separately configured.
· In addition to the parameters defined in ConfiguredGrantConfig IE in Rel.15, at least a configuration index should be configured for each configuration.
· More values for repetition number should be supported, e.g., 3/5/6/7.
Proposal 3: For both Type 1 and Type 2 configured grant in Rel.16, repetitions (either slot-based or mini-slot-based) of a TB should be 
· Conducted within one configuration when multiple active configurations are configured in a BWP.
· Supported to cross a period boundary to improve the transmission reliability.
Proposal 4: For Type 2 configured grant in Rel.16, when configured with multiple active configurations in a BWP, the MSB of the HPN field in DCI format 0_0/0_1 is used for activation/deactivation validation, while the other 3 bits are used for configuration index indication.




R1-1900075	Enhancements for UL grant-free transmissions	ZTE
	Note, the threshold is set to guarantee the false alarm not exceed 1%. The miss detection is based on the DMRS detection.
Table A-1 Simulation assumption for miss detection of PUSCH
	Parameters
	Value

	System bandwidth
	20MHz

	Carrier Frequency
	4GHz

	Subcarrier spacing
	30KHz

	Channel model
	TDL-C (delay spread: 300ns) 

	UE speed
	3 km/h

	Number of UE antennas
	1Tx

	Number of gNB antennas
	4Rx 

	Packet Size
	32 bytes

	Modulation 
	QPSK

	Number of PRBs 
	20

	Number of OFDM symbols
	4, with 1 front-loaded DMRS

	Channel coding
	LDPC

	Channel estimation
	MMSE



Figure 1. Miss detection and BLER of PUSCH
According to the latency analysis in [4], 2-OS PUSCH with 30 kHz or 2/4-OS PUSCH with 60 kHz for grant free PUSCH has a chance for one retransmission even within 1ms latency boundary. There would be more retransmission opportunities for a larger latency budget. It means the reliability of initial transmission of URLLC traffic with 99.999% and 99.9999% overall reliability could be set to,.e.g., 90% and 99% respectively. In other words, to ensure the overall reliability, the probability of miss detection should not exceed 10-5 and 10-6 at the required SNR which meets 10-1 and 10-2 PUSCH BLER. However, it cannot be guaranteed based on the simulation results shown in Figure 1. For instance, the required SNR for 10-2 PUSCH BLER is about 1dB, where the miss detection is about 4*10-4 which is much higher than 10-6. Therefore, explicit ACK should be introduced for UL grant-free transmission to deal with the gNB miss detection problem. In this case, if explicit ACK and UL grant scheduled retransmission are not received by the UE, the UE should assume that the grant-free transmission is missed by gNB.


[image: ]
Observation 1: Sequence based solution has about 3~6 dB gain than DCI based solution when the two solutions use the same amount of CCEs.
Observation 2: It is very difficult to group different UEs or different HARQ progresses of one UE into one DCI for many URLLC scenarios.
Observation 3:  The existing timer scheme is still useful for missing detection of HARQ-ACK feedback. 
Observation 4: Supporting multiple configurations is also beneficial for inter-UE multiplexing. 
Proposal 1: Explicit ACK should be introduced for UL grant-free transmission.
Proposal 2: Support sequence based solution for explicit ACK feedback for UL grant-free transmission.
Proposal 3: Mini-slot repetitions within one slot should be supported.
Proposal 4: Using RRC signalling to inform the UE to choose transmission modes between K repetitions across consecutive slots or K repetitions within one slot
Proposal 5: For the inter-repetition frequency hopping, the hopping pattern design can be based on the repetition number and the configured RV sequence: 
· For RV sequence {0, 0, 0, 0}, hopping boundary can occur at each repetition.
· For RV sequence {0, 2, 3, 1}, the first hop is floor (K/2), the second hop is ceil (K/2), where K is the repetition number.   
· For RV sequence {0, 3, 0, 3}, the first hopping boundary occurs between the first TO with RV0 and the first TO with RV3, the second hopping boundary occurs between the second TO with RV0 and the second TO with RV3.
Proposal 6: Support K repetitions across the slot boundary. 
· FFS the first available symbols after crossing slot boundary.
Proposal 7: A new UE behavior should be defined if a transmission occasion collides with slot format configuration.
Proposal 8: For parameters of multiple configured grant configurations, 
· parameters are configured independently for supporting different services/traffic type, 
· at least the starting positions for different configurations should be different for enhancing reliability and reducing latency,
· at least the frequency domain resources for different configurations should be different for use case of inter-UE multiplexing.
Proposal 9: For activation/deactivation of multiple configured grant configurations, 
· using independent DCI signaling to activate/deactivate each configuration for supporting different services/traffic type,
· using a common DCI signaling to activate/deactivate one or more configurations for enhancing reliability and reducing latency, or inter-UE multiplexing.



R1-1900132	Enhanced UL grant-free transmissions for URLLC	vivo
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	[bookmark: _Ref534982625][bookmark: _Hlk534982612]Figure 2: Missed detection probability with 1 symbol DMRS and 12 PRBs 
	[bookmark: _Ref534982655]Figure 3: Missed detection probability with 2 symbols DMRS and 12 PRBs
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	[bookmark: _Ref534982658]Figure 4: Missed detection probability with 1 symbol DMRS and 32 PRBs 
	[bookmark: _Ref534982659]Figure 5: Missed detection probability with 2 symbols DMRS and 32 PRBs



Table A-1: Simulation assumptions of missed-detection simulation
	Parameter
	Value

	Carrier frequency for evaluation
	4 GHz

	Channel model
	TDL-C (delay spread: 300ns)  as in 38.901

	UE speed
	3 km/h


	BS antenna configuration
	4 Rx antenna ports 

	UE antenna configuration
	1 Tx

	Allocated bandwidth
	12 PRBs and 32 PRBs

	DMRS configuration
	Type 1 configuration
1 symbol for each DMRS
Number of DMRS: 1/2

	Sub-carrier spacing
	30 kHz

	Channel estimation
	Practical

	Receiver type
	MMSE

	Residual target BLER 
	10^-5

	False alarm target 
	1% 



Observation 1: 
· With 12 PRBs, the missed detection probability based on 1-symbol DMRS is about 10^-5 at the given 5%-tile SINR operating point of URLLC.
· With 32 PRBs, the missed detection probability based on 1-symbol DMRS is much lower than 10^-5 at the given 5%-tile SINR operating point of URLLC.
· With 2-symbol DMRS, missed detection performance is better than that with 1-symbol DMRS. 
Observation 2: The detection performance based on 1-symbol or 2-symbol DMRS is sufficiently reliable for URLLC.

Proposal 1: Regarding multiple resource configurations, following options can be adopted.
· Option 1: Different DMRS parameters/sequences are configured for different resource configurations 
· Option 2: UCI carrying information of UE selected resource configuration is transmitted with data. 
· UCI including HARQ ID is transmitted together with data.
· NDI is included in grant-free UCI to differentiate initial transmission and repetitions.
· RV sequence is not associated with the transmission occasion, and RV is included in grant-free UCI.
· UCI is multiplexed onto each repetition.
Proposal 2: The total number of resource configurations including type 1 and type 2 UL configured grant is configured by RRC.
Proposal 3: For repetitions with multiple resource configurations, 
· Multiple resource configurations with different starting offsets can be configured to enable flexible starting time and ensure K repetitions
· Repetitions of a TB are transmitted with a resource configuration
Proposal 4: For a UE configured with multiple type 2 UL configured grant configurations, a DCI activating/deactivating one or multiple resource configuration can be supported.
· Details are FFS
Proposal 5: For HARQ process ID determination, following options can be adopted
· Opt. 1: For each configuration, HARQ ID is determined on the timing of the first transmission occasion within a period.
· Opt. 2: HARQ ID determination is dependent on timing of the actual initial transmission
· Opt. 3: HARQ ID determination is independent on timing of the transmission or transmission occasion
Proposal 6: For non-slot based transmission, repetition transmissions within/across slot(s) should be supported for latency reduction.
Proposal 7: If necessity is identified, more DMRS symbols or repetition transmission are adopted for UL configured grant transmission to enhance the detection performance.




R1-1900166	Enhancement of Configured Grant for NR URLLC	Ericsson
	Observation 1	There are two main causes for alignment delay, either waiting for a transmission opportunity, or waiting for the slot boundary.
Observation 2	Allowing transmissions across the periodicity boundary significantly decreases alignment delay.
Observation 3	Configuring multiple configurations to reduce alignment delay results in many different configurations sharing most parameters, leading to large overhead in RRC messaging and activation/inactivation commands.
Observation 4	It is possible to decrease alignment delay due to the slot boundary by supporting two repetitions across two adjacent slots, with one repetition per slot.
Observation 5	Any power control related issues affect mini-slot repetition with a single repetition per slot the same way as mini-slot repetitions with more than one repetition per slot.
Observation 6	Mini-slot repetition of short mini-slots introduces large DMRS overhead leading to either poor performance or additional signalling overhead to modify the DMRS.
Observation 7	Even with reduced DMRS overhead, a single repetition per slot outperforms multiple mini-slot repetition per slot.
Observation 8	Transmission with a single repetition per slot is more flexible than mini-slot based repetition with more than one repetition per slot.
Observation 9	Explicit ACK can increase reliability only if there is time for a retransmission.
Observation 10	The UE needs to know the target reliability to perform a hypothesis test on sequence based ACK.
Observation 11	To ensure low false alarm of ACK detection, the UE will often interpret an ACK as a NACK.
Observation 12	The appropriate UE ACK detection threshold depends on the gNB PUSCH detection threshold.
Observation 13	Since targeted reliability is high, the gNB will almost always send explicit ACK, leading to high signaling overhead and increased blocking probability.

Proposal 1	Allow CG transmissions to cross the periodicity boundary to reduce the alignment delay caused by the periodicity boundary limitation.
Proposal 2	For configured grant, reduce the alignment delay at the slot boundary by supporting cross-slot repetition with a single repetition per slot.
Proposal 3	Define multiple configurations of UL CG for supporting multiple services with different transmission characteristics.
Proposal 4	Do not introduce explicit ACK for configured grant.




R1-1900213	Study and evaluation of configured-grant enhancements for URLLC	MediaTek Inc.
	Observation 1: Cross-slot repetitions implies that repetitions cannot be supported with periodicities of 2, 7 and 14 symbols.
Observation 2: With cross-slot repetition in configured-grant, only single-shot transmission with small transmission period (up to 2 OFDM symbols) can meet the latency requirements for 15KHz, which results in inefficient utilization of the radio resources.
Observation 3: When the UE configured with back-to-back repetition and RV sequence {0, 0, 0, 0}, the average alignment delay is reduced due to the flexibility in starting the initial transmission.
Observation 4: The transmission reliability will be jeopardised if UE is not allowed to transmit all the K repetitions.
Observation 5: Ensuring K repetition can be achieved by using multiple active configured-grant configurations.
For the simulation, we consider that 6 UEs are allocated the same resources for UL configured-grant, and the packets are generated randomly with uniform distribution. We assume the UEs are configured with K=8, and RV sequence {0, 0, 0, 0}
Observation 6: Explicit HARQ feedback reduces the collision between the UEs in UL configured-grant transmission, which enhances the system performance and reduces the complexity of decoding the UL data at the gNB.
Observation 7: Using a bitmap in group-common DCI to provide HARQ feedback is inefficient in its resource utilization when there is a high number of supported UEs with sporadic traffic.
Proposal 1: Study back-to-back repetitions within a slot for configured-grant to meet the URLLC requirements.
Proposal 2: For UL configured grant, it should be possible for the UE to finish the K transmissions when the UE is configured with RV sequences {0, 0, 0, 0} and {0, 3, 0, 3}.
Proposal 3: The UE is allowed to cross the periodicity boundaries to finish the transmission of K repetitions.
Proposal 4: For UL configured grant, the HARQ ID is determined by the time-domain resource for the UL data transmission of the first repetition.
Proposal 5: When the UE is configured with multiple active configured-grant configurations, flexible start of a transmission should not be supported within each configurations.
Proposal 6: Support explicit HARQ feedback for early termination in UL configured-grant transmission. 
Another aspect that need to be thoroughly investigated is the settings under which the explicit HARQ feedback would be beneficial for the performance. For example, if the UE is configured with no repetition (i.e. K=1), there is no advantage of monitoring a DCI for ACK feedback, and it will introduce unnecessary UE complexity.

Proposal 7: Further study how to support explicit HARQ feedback for configured-grant by focusing on;
· DCI type: UE-specific or group-common DCI.
· The design of the DCI for explicit HARQ feedback.
· The settings where the UE should monitor the DCI for explicit HARQ feedback.




R1-1900287	UL grant-free transmission enhancement	OPPO
	[image: ]
Figure 1 Error detection
From result, we could see that:
· Error detection based on uplink DMRS is 0.1399/0.0407/0.0038 @ the lowest 5%-tile UL SINR geometry for 9/18/36PRB. 
· As sequence length increases, DMRS detection performance improves but reserved resource for configured grant also needs to increase.
Table A.3-1: Link-level simulation assumptions at 4 GHz for all cases with urban macro
	Parameter
	Value

	Carrier frequency for evaluation
	700MHz

	Channel model
	TDL-C (delay spread: 300ns) as in 38.901

	UE speed
	3 km/h for power distribution and Rel-15 enabled use case;

	BS antenna configuration
	4 Rx antenna ports 

	UE antenna configuration
	2 Tx antenna ports

	System bandwidth
	20 MHz

	Sub-carrier spacing
	30 kHz

	Channel estimation
	Practical

	Receiver type
	MMSE

	Q value (i.e. SINR range) 
	Companies report the 5% Q value 

	PRB number
	9/18/36

	DMRS Sequence length
	PRB number*4

	Orthogonal DMRS port sharing TF resource
	1/2


Observation1: Error detection based on uplink DMRS is 0.1399/0.0407/0.0038 @ the lowest 5%-tile UL SINR geometry, which is larger than URLLC reliability requirement, 0.001 due to limited sequence length.
Observation 2: Grant free mechanism is low efficiency and efficiency improvement is necessary.
Proposal 1: Explicit HARQ-ACK can improve transmission reliability due to it can recognize miss-detection of PUSCH. 
Proposal2: For explicit HARQ-ACK, HARQ-ACK mapping, physical channel design, HARQ-ACK monitoring and retransmission triggered by timer need to be studied.
Proposal 3: Mini-slot repetition and hopping within one slot should be considered for grant free.
Proposal 4:Mini-slot hopping need to be enhanced to reduce persistent collision. And flexible hoping pattern can be considered in terms of hopping sequence and hopping resource.
Proposal 5: Restriction on piggybacked UCI type and bit number in grant free is necessary for URLLC.
Proposal 6: Multiplexing of grant free transmission and grant based transmission is one effective way to improve efficiency of grant free mechanism.



R1-1900353	URLLC Configured Grant with less than K Repetitions	TCL Communication Ltd.
	Proposal 1: When a user is only able to transmit less than the configured number of repetitions for a configured grant transmission, this transport block will use explicit HARQ feedback structure.
Proposal 2: For a TB, if the user initially transmits less than K repetitions on UL CG transmission mode, if it receives no ACK or UL grant for this TB within a configured HARQ timer, the user re-transmits this transport block.
Proposal 3: The user is configured to transmit a scheduling request in parallel to the transmission of a TB when it is able to transmit less than K repetitions for this TB.




R1-1900375	Consideration on enhanced UL grant-free transmissions 	sony
	Proposal 1: Non-slot repetitions within a slot should be supported.
Proposal 2: Non-slot repetitions are continuous in a slot.
Proposal 3: Study both equal and unequal transmission lengths for the non-slot repetition.
Proposal 4: Study usage of orphan PUSCH symbols in a slot.
Proposal 5: UE behaviour in the selection of a configured grant resource among multiple configured grants needs to be studied.
[image: ]
Figure 2: Signalling of UL transmission parameter for configured grant URLLC UE

Proposal 6: gNB indicates the UL transmission parameters for URLLC UE with configured grant transmission taking into account whether or not an eMBB UE has been granted overlapping resources on the configured grant resource.




R1-1901291	Discussion on URLLC enhancements for grant-free transmission	Panasonic Corporation
	Observation 1: Multiple active configured grant configuration should be available for both Type 1 and Type 2 configured grant configuration. One or more Type 1 and one or more Type 2 configured grants can be simultaneously configured for a given BWP.
Observation 2: One of possible value of the maximum number of configured grant configurations could be 8.
Observation 3: At least resource allocation related parameters (time/frequency resource), periodicities, and MCS should be configured independently among different configurations.
Observation 4: If there is overlap of the resource among configurations, gNB needs to distinguish them by some mechanism, such as DMRS based differentiation or UCI which includes configuration ID.
Observation 5: For activation/deactivation for the case of Type 2 by dynamic indication, if multiple configurations have aligned initial transmission timing, how to identify the different configurations using the same DCI format should be considered.
Observation 6: UE based TB size and/or resource (size) selection and UCI indication of the selected parameters are beneficial at least to handle variable data size.
Proposal 1: For grant-free UL transmission in NR Rel. 16, one configured grant configuring two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots should be supported.
Proposal 2: For grant-free UL transmission in NR Rel. 16, for repetition within a slot, at least consecutive repetition should be supported. 
· How to handle slot boundary and/or the case that the transmission opportunities are unavailable due to SFI configuration and/or SRS/PUCCH resource is FFS.
Proposal 3: For grant-free UL transmission in NR Rel. 16, DMRS sharing between repetitions within a slot should be supported.
Proposal 4: For improving the reliability of UL grant-free transmissions in NR URLLC Rel. 16, faster feedback of channel quality (that is calculated by gNB) could be considered as one of the alternatives to explicit HARQ-ACK.
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(a) 2 symbols, 70 RBs (TBS=256 bits) (FAR 1% only)  (b) 4 symbols, 24 RBs (TBS=272 bits) (FAR 1% only)
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(c) 8 symbols, 10 RBs (TBS=256 bits)             (d) 10 symbols, 8 RBs (TBS=272 bits)
Figure 1 PUSCH miss-detection and BLER performance

Table 1 Simulation assumption
	Carrier frequency
	4 GHz

	Subcarrier spacing
	30 kHz

	Waveform
	CP-OFDM

	Channel model
	TDL-C, delay spread = 100 ns, 
UE speed: 3 km/h

	Number of Tx antennas
	2 (Closed loop precoding)

	Number of Rx antennas
	4

	Number of allocated symbols and RBs
	2 symbols, 70 RBs
4 symbols, 24 RBs
8 symbols, 10 RBs
10 symbols, 8 RBs
13 symbols, 6 RBs

	Channel estimation
	Realistic (MMSE)

	MCS table
	MCS7 in MCS Table 3 CP-OFDM

	TBS
	256, 272

	DMRS
	DMRS Type 1, 1-symbol DMRS

	False alarm rate
	DMRS sequence detection: 1%



Observation 7: As far as the number of DMRS is selected properly, gNB’s miss-detection would be resolved.
Observation 8: For UL grant-free transmissions in NR URLLC in Rel. 16, sending a channel quality feedback from gNB to the UE is beneficial for optimizing retransmissions and repetitions. 




R1-1900498	On enhancements to CG PUSCH	 Intel Corporation
	Under 12 PRB bandwidth assumption for OFDM-based waveform, a cross-correlation threshold (X-axis) may always be found which provides detection of NR DMRS sequence in wide SNR range down to -7 dB.
[image: ]
[bookmark: _Ref535008221]Figure 2. DMRS sequence detection performance
Proposal 1
· For Rel.16 eURLLC, support multiple activated CG-PUSCH configurations in a cell
· Multiple RRC configuration of CG-PUSCH are provided per BWP
· Activation/deactivation of a configuration in case of CG-PUSCH type 2 is distinguished by a DCI field not used to derive PUSCH transmission settings
· HARQ ID offset is added as part of each CG-PUSCH configuration
· UE is not expected to transmit simultaneously according to more than one CG-PUSCH configuration

Observation 1
· There is no DMRS detection issue limiting performance of configured grant PUSCH




R1-1900596	Discussion on enhancement for grant-free transmission	LG Electronics
	Proposal 1: If explicit HARQ-ACK feedback is introduced for URLLC, reliability and efficiency of feedback mechanism should be considered along with potential benefits by the mechanism. 
Proposal 2: If additional ACK feedback is necessary, one of following options can be considered:
· Option 1: UE-specific DCI based on UL grant with unusable state of DCI field
· E.g., All 0’s with RA type 0, All 1’s with RA type 1 or no UL-SCH with no CSI request
· Option 2: Group-common DCI having multiple HARQ-ACK entry 
· Each HARQ-ACK entry can be mapped to a PUSCH resource
· FFS: how to map entries to PUSCH resource
Proposal 3: For multiple configuration of configured grant,
· HARQ process pool of each configuration can be shared among multiple configurations.
Proposal 4: For PUSCH repetition across slots, following is adopted for determining available symbol:
· If a slot doesn’t have DL/UL switching point, TO(s) is/are created from earliest symbol indicated as flexible by semi-static DL/UL configuration.
· If a slot has DL/UL switching point, TO(s) is/are created from earliest symbol indicated as uplink by semi-static DL/UL configuration or same starting OFDM symbol with first TO in previous slot, whichever is earlier.




R1-1900681	Enhancements for grant free transmissions	 Sequans Communications
	Observation 1: with or without multiple active configured grant configurations, the HARQ process needs to be identified with a different scheme from the configured period as in Rel-15. 
Proposal 1: To support the HARQ process identification, following options can be considered: 
· To introduce data-associated UCI with possible fields such as HARQ ID, RV and repetition count down 
· To introduce a DMRS flag (a different DMRS sequence) to mark the beginning of K repetitions, which is used to calculate the HARQ process ID, and K repetitions may cross the boundary of configured period
· To introduce TB duplication if it is expected to be transmitted with less than K repetitions according to Rel-15 configured grant.
Proposal 2: it is proposed to study the feasibility to support early termination for configured grant.
Proposal 3: it is proposed to study the feasibility to support frequency hopping for configured grant.



R1-1900707	Discussion on UL grant-free transmission enhancements in eURLLC	Spreadtrum Communications
	[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Proposal 1: Configured grant configuration grouping should be supported in NR R16.
· For a configured grant configuration group, parameters should be the same for all the configured grant configurations except for the time domain resource offset.
· Parameters should be configured independently across different configured grant configuration groups.
· L1 signalling of activation/deactivation per configured grant configuration group should be supported.
Proposal 2: Type 1 configured grant(s) and Type 2 configured grant(s) should be supported simultaneous for a given BWP of a serving cell in NR R16.
Proposal 3: Repetitions within a slot should be supported in R16. New values of the number of repetition should be considered for repetitions within a slot.
Proposal 4: A unified number of repetitions for grant-free only, grant-based only, grant-free combined with grant-based transmission should be considered.




R1-1900807	Potential enhancements for UL configured grant 	InterDigital, Inc.
	Proposal 1: A mechanism based on group-common DCI should be introduced for explicit indication of the HARQ-ACK feedback for configured UL grant.
Proposal 2: NR should adopt a mechanism to ensure K repetitions can be completed by the URLLC UE for UL transmission without grant in Rel-16 by allowing the repetitions across multiple periods.
Proposal 3: NR should support the transmission of at least HARQ ID as a UCI multiplexed on the PUSCH for the UL configured grant in Rel-16.
Proposal 4: Mini-slot repetition with frequency hopping should be supported for UL Configured grant.



R1-1900901	Enhanced Grant-Free Transmissions for eURLLC	Qualcomm Incorporated
	Proposal 1: For uplink grant-free transmission, each configured grant provides one single PUSCH transmission; splitting the resources into multiple mini-slots degrades the performance.
Simulation assumptions 
	Parameter
	Value

	Channel 
	TDL-C, realistic correlation across transmissions

	Delay spread 
	300 ns

	Doppler
	12 Hz

	SCS
	30 KHz

	# Rx antenna
	4

	# Tx antenna
	1

	Mini-slot length
	2/4/7 OFDM symbols with front-loaded DMRS 

	Channel estimation
	MMSE 

	Allocation
	Localized

	PUSCH payload size
	~32 bytes + 16 bits CRC

	PUSCH allocation 
	12 RB

	PUSCH waveform
	CP-OFDM

	PUSCH MCS
	2 OS mini-slot: MCS 13

	
	4 OS mini-slot: MCS 5

	
	7 OS mini-slot with 1 DMRS symbol: MCS 1

	
	7 OS mini-slot with 2 DMRS symbol: MCS 2

	DMRS detection algorithm
	IFFT-based 

	False alarm rate (DTX->Tx error probability)
	Fixed at 1e-3



Proposal 2: Supporting explicit HARQ-ACK reporting for grant-free uplink with configured grant is not needed.
Proposal 3: Support a dynamic indication of the repetition factor for uplink aggregation in Rel. 16 eURLLC. 
Proposal 4: For some URLLC use cases, the UE can be expected to transmit an ACK once the SPS activation/de-activation DCI is detected. 
Proposal 5: NR DL-SPS should at least support the same SPS periodicities as for the UL SPS (configured grants) for URLLC.
Observation 1: For I-IoT use cases with large number of users per gNB, DCI enhancements even for SPS/CS (re)activation can become important.
Proposal 6: Consider enhancements such as compressing the DCI carrying SPS activation/reactivation based on leveraging unique characteristics of factory automation traffic.
Proposal 7: Consider sending SPS reactivations to a group of users for efficient SPS operation. 
Proposal 8: For some URLLC use cases, allow for semi-persistent SRS configuration to be indicated via a DL DCI.




R1-1900932	On Configured Grant enhancements for NR URLLC	Nokia, Nokia Shanghai Bell
	The discussions on multiple-active configured grants in section 2 can be summarized as: 
Proposal 2-1: Support (fully) independent configuration of multiple (active) CG configurations per BWP at least for different traffic types. This includes the combination of multiple active Type 1 and Type 2 configured grants per BWP for a UE. Required configuration flexibility for the same traffic type is FFS.
Observation 2-1: Configuration enhancements in terms of applicable HARQ-IDs (in addition to the number of HARQ processes) for a specific CG configuration are seen as needed. The time-domain HARQ-ID determination for Type 1 and Type 2 configured grants can follow the baseline principle of the Rel-15 NR CG operation. 
Observation 2-2: Independent activation commands for multiple Type 2 CGs provide the needed flexibility in CG parameter setting. A single DCI releasing one or more Type 2 CGs can save DL control overhead. 
Proposal 2-2: Support a dynamic CG profile/configuration change for Type 1 CG through UE pre-configuration of multiple CG Type 1 configurations by RRC signalling, which can be dynamically exchanged/selected by DL PDCCH signalling. 

The discussions on configuration grant PUSCH to cross the slot boundary in section 3 can be summarized as: 
Proposal 3-1: Discuss how to enable the CG transmission of a single data packet across the slot boundary jointly with the PUSCH scheduling enhancements as part of the PUSCH scheduling enhancements AI. Aim at specifying (if feasible) a single solution applicable to both, dynamically scheduled and configured grant PUSCH operation. 
Proposal 3-2: Specify additional CG periodicities other than multiple of 2 and 7 symbols for a single CG configuration. Details are FFS. 

The discussions on configured grant (DM-RS) miss detection performance in section 4 can be summarized as: 
Observation 4-1: Frequency selectivity brings significant performance degradation in terms of miss detection rate of CG PUSCH. 
Observation 4-2: The Rel-16 reliability target of 10-6 cannot be achieved with the current UL CG PUSCH design due to the miss detection performance of DMRS.
Observation 4-3: The insufficient DMRS based miss detection performance of CG PUSCH will lead to infeasible gNB PUSCH blind decoding complexity. In case re-transmission is possible within the latency bound, explicit HARQ-ACK enabled UE autonomous retransmission can increase the reliability.

The discussions on explicit HARQ-ACK for UE autonomous configured grant re-transmission in section 5 can be summarized as: 
Observation 5-1: The support of explicit ACK feedback for CG operation paired with UE autonomous re-transmission after timer expiry can improve the CG reliability performance. The missed or wrong detection of explicit ACK will not deteriorate the related reliability performance compared to Rel-15.  
Proposal 5-1: Explicit ACK feedback can be configured for UL configured grant operation to increase reliability and latency performance by supporting UE autonomous CG re-transmissions.
· Detailed signalling design and impacts on UE behaviour are FFS.

The discussions on explicit HARQ-ACK for early repetition termination in section 5 can be summarized as: 
Observation 6-1: The support of explicit ACK feedback for CG operation paired with early termination of K repetitions can reduce latency, interference and UE power consumption for larger values of K. In case of a false-positive explicit ACK detection error, the latency and reliability of CG repetition operation would be impacted. 
	Parameters
	Values or assumptions

	Carrier Frequency
	4GHz

	Waveform
	OFDM

	System bandwidth
	20 MHz

	Allocated PRB Number
	As shown in the Figure 2

	Subcarrier spacing
	30kHz

	No. of allocated UEs
	2

	No. of RS REs
	72, 144

	gNB antenna configuration
	4Rx

	UE antenna configuration
	1Tx

	SNR distribution
	Equal SNR between UEs

	Propagation Model 
	TDL-C 300 ns
TDL-A 20 ns

	RS sequence
	NR PN

	False alarm rate
	0.01

	Frequency offset
	0.1 (kHz)

	Receiver
	Correlation based






R1-1900942	Enhanced UL grant-free transmissions for URLLC operation	Motorola Mobility, Lenovo
	Observation 1: Explicit HARQ feedback for configured UL transmissions of a UE can improve UE power saving, URLLC packet reliability/latency, e.g., when other HARQ processes for configured grant operation are occupied   
Observation 2: Control overhead of explicit HARQ feedback can be reduced via using (a) group-common DCI, (b) explicit HARQ-ACK together with the configuredGrantTimer, (c) explicit HARQ feedback when the number of remaining transmission occasions after termination is above a certain threshold in the repetition bundle
Proposal 1: Further study explicit HARQ feedback for configured UL transmissions




R1-1900974	Enhanced UL transmission with configured grant for URLLC	NTT DOCOMO, INC.
	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.    
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.
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






R1-1901071	Potential enhancement for UL grant-free transmission	Samsung
	Proposal #1: For Type 1 grant free, different starting offset can be configured for multiple active  configured grants in a BWP.  
Proposal #2: Separate DCI for activation/deactivation can be considered as a baseline for Type 2 grant free to support multiple active configured grants in a BWP. 
Proposal #3: For multiple configured grants in a BWP, different time/frequency resource and antenna port can be used to determine HARQ process ID. 
Proposal #4:  Repetitions across the boundary of a period P is not supported. 
Proposal #5: Apply the same method as for grant based PUSCH:
· Support one UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots, with one repetition in each slot with possibly different starting symbols and/or durations.
Proposal #6: For mini-slot level repetition, consider to support mini-slot based frequency hopping with two hops as a baseline.
Proposal #7:  If mini-slot repetitions within one slot are supported, mini-slot transmission can be postponed if the configured grant has confliction with semi-static direction or cancelled by dynamic SFI.
Proposal #8: Unless there is serious reliability or latency issue with existing HARQ-ACK mechanism, explicit HARQ-ACK is not supported in Rel-16. 



R1-1901104	Discussion on Configured Grant Enhancements	 III
	Observation 1: Repetitions for configured grant PUSCH in Rel-15 NR is not suitable for use cases requiring low latency.
Observation 2: To ensure both low latency and high reliability with multiple configured resources, a large number of configurations is needed.
Observation 3: Retransmission for configured grant PUSCH in Rel-15 NR is not suitable for use cases requiring low latency.
Proposal 1: Repetitions within a slot for configured grant PUSCH is supported.
Proposal 2: It is supported that repetitions can be configured with unequal transmission durations within a slot.
Proposal 3: FFS how gNB differentiate multiple configured grants with overlapping resources in time.
Proposal 4: Repetition(s) across the boundary of a period P is supported.
Proposal 5: HARQ process ID is multiplexed in the configured grant PUSCH as a type of UCI.
Proposal 6: When repeating across the boundary of a period P, RV is not reset to RV0.
Proposal 7: RV is mapped in sequence to the actually transmitted transmission occasions.
Proposal 8: Consider the criterion to not drop a PUSCH when some of the symbols is not UL symbols.
Proposal 9: Explicit HARQ-ACK for configured grant PUSCH is supported.
Proposal 10: Remaining repetitions of a configured grant PUSCH is dropped if UE receives ACK in the HARQ-ACK.
Proposal 11: Group common DCI is used for HARQ-ACK transmission for configured grant PUSCH.
Proposal 12: SPS can be associated with a configured grant.
Therefore, SPS is activated or deactivated once the associated configured grant is activated or deactivated. For SPS associated with a type 1 configured grant, it is activated when the configured grant is configured by RRC signaling. On the other hand, For SPS associated with a type 2 configured grant, it is activated when the configured grant is activated by an activation DCI.




R1-1901132	Enhanced UL grant-free transmissions to support URLLC	CAICT
	Proposal 1: All the parameters is independent among multiple active configured grants.
Observation 1: Multiple active configured grant configurations facilitates inter-UE multiplexing between eMBB and URLLC transmission.
Proposal 1: gNB indicates each active configured grant configurations is valid/invalid for grant free transmission currently or in the coming intervals.




R1-1901142	Discussion on enhanced UL grant-free transmissions	KDDI
	Proposal 1: A UE does not transmit multiple PUSCHs simultaneously on multiple active configured grants for which the PUSCH durations overlap each other.
Proposal 2: At least in use case2, a UE utilizes a configured grant configuration which are configured to support use case 2 if and only if the UE transmits uplink traffic packets which the configured grant configuration assumes.
Proposal 3: All parameters in ConfiguredGrantConfig are independently configured among the multiple active configured grants for both use cases 1 and 2. The overhead reduction is FFS.
Observation 1: it is necessary to consider quantitatively whether one DCI or separate DCI is used for activation/deactivation of multiple configured grants.
Observation 2: It is necessary to examine HARQ process ID determination depending on the maximum number of configured grants assumed.




R1-1901233	On Support of UL grantfree transmission	Fraunhofer IIS
	Observation 1: Multiple configured grants can be useful for different URLLC services or one URLLC service with different transmission alignments
Observation 2: Selecting between configured grants of Type 1 and Type 2 may require knowledge about the use-case or the required reliability/latency 
Observation 3: K-repetitions may has to be stopped if a new PUSCH starts on a parallel configurations for multiple CG with same frequency resources. This will have an impact on reliability
Observation 4: Randomizing the UE PUSCHs across multiple configured grants may reduce collision probabilities if more than one UE is assumed.
Proposal 1: Support multiple configured grants for different URLLC services with different parameters or same URLLC service with varying traffic conditions
Proposal 2: Support multiple configured grants for at least Type 2 with activation/deactivation of the multiple configured grants
Proposal 3: Support UE specific feedback for adapting the active configurations for, at least, configured grants Type 2 and study the details of the feedback signaling
Proposal 4: Study how K-repetition will be impacted by allowing multiple active configured grants using:
· Option 1: for same services at least over different time-shifts
· Option 2: for different services at least over multiple time/frequency configurations with individual parameters)




1.1 Previous agreements
#94
	Agreements:
· Study further whether/how multiple active configured grants for a BWP of a serving cell.
· Identify potential specification impacts and options for both type 1 and type 2
· At least Activation/deactivation mechanism for Type2
· E.g., whether each configuration is activated/deactivated or multiple configurations are activated/deactivated
· Study how to support repetitions with multiple configurations for a BWP of a serving cell
· FFS HARQ process ID determination for both type 1 and type 2
· FFS other specification impacts for both type 1 and type 2
· Study the performance impacts
Agreements:
· Study further whether/how on ensuring K repetitions.
· Study further on PUSCH repetitions within a slot for configured grant.



#94bis
	Agreements:
· [bookmark: _Hlk528752787]One PUSCH transmission instance is not allowed to cross the slot boundary at least for grant-based PUSCH. 
Agreements:
· To study further from at least the following:
· 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 3: one transmission cross boundary of a period P 
· FFS the UE behavior when repetitions are collided with the resource which are not available for UL transmissions 
· Note: Switch grant free to grant based retransmission which is available in Rel.15



#95
	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




# NR AH Jan. 2019
Observations:
· PUSCH miss detection performance highly depends on the PUSCH configurations such as DMRS configuration, resource allocation, and false-alarm target setting.
· If a configured grant PUSCH resource is not shared by multiple UEs, 
· 7 companies observed that if the reliability requirement is to be met by a single transmission, all the results show that PUSCH miss detection probability is lower than the PUSCH target BLER under the respective evaluation assumptions (e.g., MCS levels, etc.).
Agreements:
· In Rel-16, for both Type 1 and Type 2 configured grant and when multiple active configurations are configured in a BWP, transmission of a TB based on the configured grant is associated with a single active configuration, even if the transmission is repeated

TDL-C 300ns, 3km/h, 1Tx 4Rx
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Simulation results summary for miss detection of CG PUSCH_r2.xlsx
Summary

												PUSCH

				Company		Carrier frequency		Channel		Waveform		Freq. domain RA (RBs)		Time domain RA (symbols)		DMRS configuration 		No. of Ues		Antenna Config.		Target FA rate		Required SNR for Miss detection probability				Required SNR for Target BLER

				HW (0865)		4GHz		TDL-C, DS=100ns		CP-OFDM		8				1-symbol front-loaded DMRS with Type 2		6 potential Ues with only one active UE		UE: 1Tx
gNB: 4Rx		0.01 w/o interference		10^(-4): -1dB		10^(-5): ~ 1dB

																						0.001 w/o interference		10^(-4): 0dB		10^(-5): 1.3dB

																						0.01 w interference		10^(-4): 5dB		10^(-5): N/A

																						0.001 w  interference		10^(-4): N/A		10^(-5): N/A

				CATT (0336)		4GHz		TDL-C, DS=300ns		CP-OFDM		20		8		1-symbol front-loaded DMRS with Type 1		1		UE: 1Tx
gNB: 4Rx		0.01		10^(-4):-4.6 dB

																						0.1		10^(-4): -6 dB

				ZTE (0075)		4GHz		TDL-C DS=300ns				20		4		1-symbol front-loaded DMRS with Type 1		1		UE: 1Tx
gNB: 4Rx		0.01		10^(-4): 0dB				10^(-4): 6dB

				vivo (0132)		4GHz		TDL-C DS=300ns				12 PRBs and 32 PRBs				Type 1 configuration
1 symbol for each DMRS
Number of DMRS: 1 or 2		1		UE: 1Tx
gNB: 4Rx		0.01		10^(-4): 
-3 dB for 12PRB w 1DMRS;
-5dB for 12PRB w 2DMRS		10^(-5): 
-1.9 dBfor 12 PRB w 1 DMRS
-4dB for 12 PRB w 2 DMRS

																								10^(-4): 
-6.5for 32PRB w 1DMRS
-8.5 dB for 32PRB w 2DMRS		10^(-5): 
-5.6 dB for 32 PRB w 1 DMRS
-7.5dB for 32 PRB w 2 DMRS

				OPPO (0287)

NTT DOCOMO, INC.: NTT DOCOMO, INC.:
Hi OPPO, can you help to fill in the results? I also have two questions in "OPPO" seet.Thanks a lot! 		700MHz		TDL-C DS=300ns				9/18/36 PRBs				DMRS sequence length: PRB number*4
Orthogonal DMRS port sharing TF resource: 1/2		1		UE: 2Tx
gNB: 4Rx

				Panasonic (1291)		4GHz		TDL-C, DS = 100 ns, 		CP-OFDM		2 symbols, 70 RBs
				DMRS Type 1, 1-symbol DMRS		1		UE: 2Tx
gNB: 4Rx		0.01		10^(-4): -14dB		10^(-5): -13dB		10^(-4): -4dB		10^(-5): -3.4dB



																						0.00001		10^(-4): -12.5dB		10^(-5): -11.2 dB

												4 symbols, 24 RBs										0.01		10^(-4): -9dB		10^(-5): -10dB		10^(-4): -2dB		10^(-5): -1dB

																						0.00001		10^(-4): -7.5dB		10^(-5): -8dB

												8 symbols, 10 RBs										0.01		10^(-4): 
-6 dB w 1DMRS;
-8dB w 2DMRS		10^(-5): 
-5.2dB w 1DMRS;
-7dB w 2DMRS		10^(-4): 0 dB		10^(-5): 
1.5 dB w 1 DMRS
1 dB w 2DMRS

																						0.00001		10^(-4): 
-4 dB w 1DMRS;
-5.5dB w 2DMRS		10^(-5): 
-3 dB w 1DMRS;
-3.8 dB w 2DMRS		10^(-4): 0 dB

												10 symbols, 8 RBs										0.01		10^(-4): 
-5 dB w 1DMRS;
-7.2 dB w 2DMRS		10^(-5): 
-4 dB w 1DMRS;
-6.2 dB w 2DMRS		10^(-4): 
0.2dB w 1DMRS
0 dB w 2DMRS		10^(-5): 
2 dB w 1DMRS
1.4 dB w 2DMRS

																						0.00001		10^(-4): 
-2.8 dB w 1DMRS;
-4.8 dB w 2DMRS		10^(-5): 
-0.8 dB w 1DMRS;
-2.5 dB w 2DMRS

				QC (0901)		4GHz		TDL-C, DS = 300 ns,		CP-OFDM		12 RBs		2/4/7 OS 		DMRS Type 1, front-loaded DMRS		1		UE: 1Tx
gNB: 4Rx		0.001		10^(-4): 
-5.3 dB w 1DMRS;
-8.7 dB w 2DMRS		10^(-5): 
-4.5 dB w 1DMRS;
-7.5 dB w 2DMRS		10^(-4): 
-2.4dB w 2DMRS for 7OS;
-2.3dB w 1DMRS for 7OS;
1.25dB w 1DMRS for 4OS;
8 dB w 1DMRS for 2OS.



				Nokia (1306)		4GHz		TDL-C, DS=300 ns		CP-OFDM		12, 24, 48 PRBs				number of RS REs= 72, 144		2		UE: 1Tx
gNB: 4Rx		0.01		10^(-4): 
1dB for 48PRBs
0.8 dB for 24PRBs
1.5dB for 12 PRBs		10^(-5): 
4.1 dB for 48PRBs
3.2 dB for 24PRBs
4.3 dB for 12 PRBs

								TDL-A, DS=20 ns																10^(-4): 
-8 dB for 48PRBs
-4.8 dB for 24PRBs
-2 dB for 12 PRBs		10^(-5): 
-4.5 dB for 48PRBs
-1.5 dB for 24PRBs
1.2dB for 12 PRBs

				DCM (0974)		4GHz		TDL-C, DS = 100 ns,		CP-OFDM		8, 36 PRBs		8 symbol		DMRS configuration type 1
PDSCH mapping type B		1		UE: 2Tx
gNB: 4Rx		0.001		10^(-4): 
-6.8 dB w 2DMRS and 36 RBs;
-2.4 dB w 1DMRS and 8PRBs		10^(-5): 
-5.6 dB w 2DMRS and 36 RBs;
-0.8 dB w 1DMRS and 8PRBs		10^(-4): 
-6.2 dB w 2DMRS and 36 RBs;
1.5 dB w 1DMRS and 8PRBs		10^(-5): 
-5 dB w 2DMRS and 36 RBs;
3 dB w 1DMRS and 8PRBs

																						0.00001		10^(-4): 
-6 dB w 2DMRS and 36 RBs;
-1.8 dB w 1DMRS and 8PRBs		10^(-5): 
-4.8 dB w 2DMRS and 36 RBs;
0 dB w 1DMRS and 8PRBs		10^(-4): 
-5.9 dB w 2DMRS and 36 RBs;
1.5 dB w 1DMRS and 8PRBs		10^(-5): 
-4.8 dB w 2DMRS and 36 RBs;
3.2 dB w 1DMRS and 8PRBs

						30GHz		CDL-A DS 20ns						4 symbol with 2 repetitions						UE: 2Tx
gNB: 2Rx		0.001		10^(-4): 
-4 dB for 36 RBs;
0 dB for 8PRBs		10^(-5): 
-1.5 dB for 36 RBs;
2.5 dB for 8PRBs		10^(-4): 
-1.2dB for36 RBs;
8 dB for 8PRBs		10^(-5): 
1dB for 36 RBs;
14 dB for 8PRBs

																						0.00001		10^(-4): 
-3 dB for 36 RBs;
-1 dB for 8PRBs		10^(-5): 
0 dB for 36 RBs;
1 dB for PRBs		10^(-4): 
1 dB for 36 RBs;
8 dB for 8PRBs		10^(-5): 
4 dB for 36 RBs;
14 dB for 8PRBs





HW

				Figure 1 DMRS detection performance with and without intra-/inter-cell interference																Figure 2 Performance comparison of different repetition schemes

																				(a) MMSE-IRC								(b) Advanced receiver

		Table A Link-level simulation assumptions														Table B System-level simulation assumptions at 4 GHz for urban macro for power distribution

		Parameters 				Values 										Parameters		Value

		Carrier frequency 				4GHz 										Layout		Single layer - Macro layer: Hex. Grid

		Waveform 				CP-OFDM 										Inter-BS distance		500m

		Subcarrier spacing 				30KHz 										Carrier frequency		4 GHz

		Channel model 				TDL-C100 										Channel model		UMa in TR 38.901

		Number of allocated PRB 				8										UE Tx power		23dBm

		BS antenna configuration 				4Rx 										BS antenna configurations		4 Rx

		UE antenna configuration 				1Tx 												4 ports: (M, N, P, Mg, Ng) = (10, 2, 2, 1, 1), 4 TXRU

		UE velocity 				3km/h 												dH = 0.5λ, dV = 0.8λ

		DMRS detection mechanism 				Time-domain correlation 										BS antenna height		25m

		DMRS pattern 				1-symbol front-loaded DMRS with Type 2										BS antenna element gain + connector loss		8 dBi, 0 dB cable loss

																BS receiver noise figure		5dB

																UE antenna configuration		2 Tx, (M, N, P, Mg, Ng; Mp, Np) = (1, 1, 2, 1, 1)

																UE antenna height		Follow the modelling of TR 38.901

																UE antenna gain		0 dBi

																UE receiver noise figure		9 dB

																BS receiver		MMSE-IRC, advanced receiver (EPA)

																Number of UEs per cell		10

																Simulation bandwidth		40 MHz

																SCS		60 kHz

																UE distribution		100% of users are outdoors

																		Use 3 km/h for modeling fading channel

																Simulated packet number per UE		1.5x106.

																		To shorter the simulation time, a simplified methodology of estimating the average BLER to represent the actual average packet drop rate is used [5]. This methodology was proposed in [5] for URLLC and agreed in RAN1#93 meeting [6].

																UE power control		Open-loop power control

																HARQ/repetition		2 repetitions without early termination,

																		4 repetitions without early termination

																		4 repetitions with early termination







CATT



																				Parameter		Values

																				Carrier frequency		4 GHz 

																				Numerology		30 KHz, normal CP

																				Channel		TDL-C, DS = 300ns

																				Waveform		CP-OFDM

																				System bandwidth		20MHz

																				Allocated bandwidth		20 PRBs

																				PUSCH duration 		8 symbols

																				Number of UEs 		1

																				DMRS configuration type		1

																				Antenna configuration		1Tx, 4 Rx

																				UE speed		3km/h

																				DMRS position		1st OS

																				Target false alarm rate		1%, 10%





ZTE

				Table A-1 Simulation assumption for miss detection of PUSCH

				Parameters		Value

				System bandwidth		20MHz

				Carrier Frequency		4GHz

				Subcarrier spacing		30KHz

				Channel model		TDL-C (delay spread: 300ns) 

				UE speed		3 km/h

				Number of UE antennas		1Tx

				Number of gNB antennas		4Rx 

				Packet Size		32 bytes

				Modulation 		QPSK

				Number of PRBs 		20

				Number of OFDM symbols		4, with 1 front-loaded DMRS

				Channel coding		LDPC

				Channel estimation		MMSE





OPPO

																		Table A.3-1: Link-level simulation assumptions at 4 GHz for all cases with urban macro

		Figure1 shows the error detection based on uplink DMRS, including missed detection and error detection if more than one orthogonal port is supported

																		Parameter		Value

																		Carrier frequency for evaluation		4GHz

																		Channel model		TDL-C (delay spread: 300ns) as in 38.901

																		UE speed		3 km/h for power distribution and Rel-15 enabled use case;

																		BS antenna configuration		4 Rx antenna ports 

																		UE antenna configuration		2 Tx antenna ports

																		System bandwidth		20 MHz

																		Sub-carrier spacing		30 kHz

																		Channel estimation		Practical

		Note																Receiver type		MMSE

		 Error detection based on uplink DMRS includes:  																Q value (i.e. SINR range) 		Companies report the 5% Q value 

		    1) Missed detection. UE sends DMRS, but gNB doest not detect successfully																PRB number		9/18/36

		    2) Wrong detection. UE 0 sends DMRS sequence 0 on DMRS port 0, but gNB detects DMRS sequence 1 and recognizes UE 1 . 																DMRS Sequence length		PRB number*4

		           In this case, DMRS configuration 2 up to 6 ports (shown in the right figure) is assumed and multiplexing of DMRS are FDM+CDM. For CDM-based DMRS port, e.g. port 0 and port 1, wrong detection may occur.																Orthogonal DMRS port sharing TF resource		1/2

		          For 1 port case, wrong detection probablity is 0;

		1 port & 2 ports:

		     1) For 1 port case, only one UE applies configured grant transmission and the number of DMRS port is 1.

		     2) For 2 port case, 2 UE share the same configured grant resource and the number of DMRS ports is 2, but only one UE is active.























vivo

		 Missed detection probability with 1 symbol DMRS and 12 PRBs								Missed detection probability with 2 symbol DMRS and 12 PRBs

																				Parameter		Value

																				Carrier frequency for evaluation		4 GHz

																				Channel model		TDL-C (delay spread: 300ns)  as in 38.901

																				UE speed		3 km/h

																				BS antenna configuration		4 Rx antenna ports 

																				UE antenna configuration		1 Tx

																				Allocated bandwidth		12 PRBs and 32 PRBs

																				DMRS configuration		Type 1 configuration

		Missed detection probability with 1 symbol DMRS and 32 PRBs								Missed detection probability with 2 symbol DMRS and 32 PRBs												1 symbol for each DMRS

																						Number of DMRS: 1/2

																				Sub-carrier spacing		30 kHz

																				Channel estimation		Practical

																				Receiver type		MMSE

																				Residual target BLER 		10^-5

																				False alarm target 		1%





Panasonic

		2 symbols, 70 RBs (TBS=256 bits) (FAR 1% only)												4 symbols, 24 RBs (TBS=272 bits) (FAR 1% only)

				     																								Carrier frequency		4 GHz

																												Subcarrier spacing		30 kHz

																												Waveform		CP-OFDM

																												Channel model		TDL-C, delay spread = 100 ns, 

																														UE speed: 3 km/h

																												Number of Tx antennas		2 (Closed loop precoding)

																												Number of Rx antennas		4

																												Number of allocated symbols and RBs		2 symbols, 70 RBs

																														4 symbols, 24 RBs

																														8 symbols, 10 RBs

																														10 symbols, 8 RBs

																														13 symbols, 6 RBs

																												Channel estimation		Realistic (MMSE)

																												MCS table		MCS7 in MCS Table 3 CP-OFDM

																												TBS		256, 272

																												DMRS		DMRS Type 1, 1-symbol DMRS

																												False alarm rate		DMRS sequence detection: 1%

		8 symbols, 10 RBs (TBS=256 bits) 														10 symbols, 8 RBs (TBS=272 bits)												(a) 4 symbols, 24 RBs (TBS=272 bits) 				10 symbols, 8 RBs (TBS=272 bits)







QC

		DMRS detection probablity vs. PUSCH decoding BLER. A single-layer PUSCH with 12 RBs is assumed. The antenna configuration is 1T4R.



																												Parameter		Value

																												Channel 		TDL-C, realistic correlation across transmissions

																												Delay spread 		300 ns

																												Doppler		12 Hz

																												SCS		30 KHz

																												# Rx antenna		4

																												# Tx antenna		1

																												Mini-slot length		2/4/7 OFDM symbols with front-loaded DMRS 

																												Channel estimation		MMSE 

		Figure 4: DMRS detection probablity vs. PUSCH decoding BLER. A single-layer PUSCH with 12 RBs and 2 repetitions is assumed. The antenna configuration is 1T4R.																										Allocation		Localized

																												PUSCH payload size		~32 bytes + 16 bits CRC

																												PUSCH allocation 		12 RB

																												PUSCH waveform		CP-OFDM

																												PUSCH MCS		2 OS mini-slot: MCS 13

																														4 OS mini-slot: MCS 5

																														7 OS mini-slot with 1 DMRS symbol: MCS 1

																														7 OS mini-slot with 2 DMRS symbol: MCS 2

																												DMRS detection algorithm		IFFT-based 

																												False alarm rate (DTX->Tx error probability)		Fixed at 1e-3





Nokia



																												Parameters		Values or assumptions

																												Carrier Frequency		4GHz

																												Waveform		OFDM

																												System bandwidth		20 MHz

																												Allocated PRB Number		As shown in the Figure 2

																												Subcarrier spacing		30kHz

																												No. of allocated UEs		2

																												No. of RS REs		72, 144

																												gNB antenna configuration		4Rx

																												UE antenna configuration		1Tx

																												SNR distribution		Equal SNR between UEs

																												Propagation Model 		TDL-C 300 ns

																														TDL-A 20 ns

																												RS sequence		NR PN

																												False alarm rate		0.01

																												Frequency offset		0.1 (kHz)

																												Receiver		Correlation based





DCM

		4GHz

																														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

		30GHz																												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





Intel
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