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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
The design targets for URLLC are as follows:
· Reliability: A general URLLC reliability requirement for one transmission of a packet is 1-10-5 for X bytes (e.g., 20 bytes) with a user plane latency of 1ms.
· Latency: For URLLC the target for user plane latency should be 0.5ms for UL and 0.5ms for DL.
For the reliable transmission, some aspects should be considered. In this contribution, we discuss Reliability of configured grant transmission, false detection and power control issue for URLCC.
2. Discussion
2.1. [bookmark: OLE_LINK3]Reliability of configured grant transmission
In RAN1 AH 1801 meeting, regarding configured grant UL transmission, following agreements were achieved [1].
	Agreements:
· For both configured grant Type 1 and Type 2 UL transmissions, a UE can be configured with the following parameter by UE-specific RRC signaling separately from the corresponding RRC parameter for grant-based transmission:
· uci-on-PUSCH: CHOICE {dynamic EQUENCE (SIZE (1..4)) OF BetaOffsets, semiStatic BetaOffsets} }
· UCI on PUSCH for configured grant is supported.
· Dropping/multiplexing rules for UCI to be further discussed.
· Note: For Type 1 UL data transmission without grant, “uci-on-PUSCH” should be “semiStatic BetaOffsets”


As agreements given above, a UE shall start the initial transmission of a TB at the first transmission occasion of the K repetitions when RV sequence {0, 2, 3, 1} is configured. In this case, UE needs to wait for an available first transmission occasion to start the initial transmission for a TB.  Although transmitting K repetitions is useful to ensure the reliability, additional latency may be introduced for a TB depending on the packet arrival timing. 
To meeting the requirement of low latency, a UE can be configured with RV sequence {0, 0, 0, 0} such that UE can start the initial transmission of a TB at any of the transmission occasions of the K repetitions when K is less than 8. However, UE needs to terminate the repetition of a TB at the last transmission occasion within the period P, regardless of the start occasion of the initial transmission. In this case, low latency can be achieved by flexible starting occasion while reliability cannot be guaranteed. For example, a TB starting from the third transmission occasion of period P could only repeat for 2 repetitions when assuming K=4. Therefore, the QoS of transmission on configured grant varies depending on the packet arrival timing, which is not expected for URLLC.
For URLLC traffic, both low latency and high reliability need to be satisfied. Therefore, it is important for a UE to start the transmission for a TB and repeat always for K repetitions. If flexible starting occasion for a TB is adopted, the K repetitions may cross the boundary of transmission bundle within the period P, when UE repeats always for K repetitions for the TB. For such case, the HARQ process ID determination may be difficult for K repetitions crossing two different periods of transmission occasions. According to current agreement, HARQ process ID is associated with the bundle within period P and the HARQ process IDs for two neighboring transmission bundle in different periods are different. In result, the K repetitions across two transmission bundle may have two different HARQ process ID. There will be an issue when the repetitions for a TB within the first bundle are not detected. It could cause mistake of the HARQ ID determination between gNB and UE. 
To address the ambiguity of HARQ determination, when K repetitions for a TB would cross two different periods of transmission occasions, HARQ ID for the K repetitions is determined based on the starting occasion of the initial transmission of the TB and HARQ ID is transmitted together with data. To be specific, part of configured grant resources is reserved for necessary control information transmission. The reserved resources for control information on configured grant are preconfigured. After HARQ ID is determined, the HARQ ID is separately encoded from data. Then the determined HARQ ID information for the K repetitions is mapped onto the reserved resources of each repetition. In such case, gNB can distinguish whether the K repetitions in two periods of transmission occasions are associated with the same TB or not by using the HARQ ID transmitted from UE.
Proposal 1: 
· For configured grant UL transmission, a UE may repeat always for K repetitions for a TB.
· HARQ ID transmitted together with data can be considered.
2.2. False detection probability
A general URLLC reliability requirement for one transmission of a packet is 1-10-5 for 32 bytes with a user plane latency of 1ms [2]. For RNTI length =16 bit, a UE false detecting another UE’s PDCCH to itself would be approximately 1/216 = 1.5 x 10-5 intuitively, which can occur due to the overlapping search space among the different UEs.
Therefore, it is suggested that a wider RNTI range shall be supported in order to avoid false RNTI detection.
Annex A gives an illustration of the relation between overall system false detection probability target and individual UE’s false detection probability. For 100MHz and 1000 active UEs, 1x10-5 is expected. 
Therefore, the 16-bit RNTI might cause higher packet error than URLLC’s target. If a UE falsely detects PDCCH due to RNTI collision, some problems may occur as follow: 
· Interuption of SPS transmission : 
· If a UE finds its C-RNTI on the PDCCH(s), the PDCCH allocation may override the semi-persistent allocation for that TTI and the UE cannot decode the semi-persistent resources.
· Interruption of victim UE’s A/N transmission
· If a UE falsely detects a PDCCH, its ACK/NACK(s) transmission may interfere with the victim UE’s ACK/NACK(s) transmission.
· False uplink grant
· If a UE false detects a UL grant in PDCCH, unnecessary uplink transmission may occur which will make the victim UE unable to successfully deliver data to gNB.
· etc.
Observations 1: As false detection probability target may increase, 16-bit RNTI size will cause higher packet error and other potential issues.
2.3. UL Power control 
In last RAN1 meeting, some agreements on power control are achieved as follows:
	Agreement:
For grant-based PUSCH, when the SRI field is present in the UL grant 
· The mapping between each state of the SRI field and the pathloss reference (k) is directly configured via RRC.
· The mapping between each state of the SRI field and the p0,alpha (j) is directly configured via RRC.
· If N=2 (number of closed loop process) is configured to the UE, the mapping between each state of the SRI field and the PUSCH closed loop process (l) is directly configured via RRC.
· Note: The mappings above are separately configured for SUL and non-SUL
Agreement:
For PUCCH, when the parameter PUCCH-Spatial-relation-info is configured to the UE,
· The mapping between each entry of the RRC parameter PUCCH-Spatial-relation-info and the pathloss reference (k) is configured as part of PUCCH-Spatial-relation-info.
· The mapping between each entry of the RRC parameter PUCCH-Spatial-relation-info and the p0 is directly configured as part of PUCCH-Spatial-relation-info.
· If N=2 (number of closed loop process) is configured to the UE, the mapping between each entry of the RRC parameter PUCCH-Spatial-relation-info and the PUSCH closed loop process (l) is directly configured as part of PUCCH-Spatial-relation-info.
· Note: Precise ASN.1 design can be decided by RAN2
Agreement:
Virtual PHR for non-scheduled serving cell for CA/DC case is supported
· For PHR reporting for multiple cells, if the UE does not transmit PUSCH in PUSCH transmission period i for carrier f of serving cell c, the UE computes power headroom for a Type 1 report as 
[image: ]

· MPR=0dB, A-MPR=0dB, P-MPR=0dB for serving carrier f of cell c
· FFS: how to determine j, q_d and l


According to above agreements, SRI trigger state can be used to indicate P0/alpha(j), pathloss reference(q_d) and close loop process(l) if SRI field is present. However, when SRI field is not present, how to indicate P0/alpha(j), pathloss reference(q_d) and close loop process(l) have not determinded yet. 
One possible solution is to predetermine one set of PC parameters used for the case without SRI configured, however, this may not satisfy all cases, for example power control cannot be adapted to the different reliability requirment for PUSCH transmissions for different logical channels, i.e. eMBB and URLLC. Therefore, service/logical channel dependent power control parameter determination should be supported. To achieve the above, implicit or explicit indicates PC parameters can be considered for the case without SRI indication. In an implicit way, UE can determines PC parameters based on service type or transmission format. In an emplicit way, an indication field should be additionally introduced to indicate which set of PC parameters can be used. 
Proposal 2:
· One of the following alternatives can be supported for P0/alpha(j), pathloss reference(q_d) and close loop process(l) indication,
· Alt1: UE determines UL power control parameters based on the service type (determine by LCP procedure logical channel priority) that is carried on the PUSCH.
· RRC configured the linkage between logical channel and power control parameter set
· Alt2: UE determines UL power control parameters based on transmission format (e.g. transmission duration) for the PUSCH.
· RRC configured the linkage between transmission format and power control parameter set.
· Alt3: UE determines UL power control parameters based on explicit indication in UL grant for PUSCH.
· RRC configured the linkage between explicit indication states and power control parameter set.
Similar to grant-based PUSCH transmission which is not indicated by fallback DCI and SRI field is not present, when PUCCH-Spatial-relation-info is not configured, implicit or explicit indication PC parameters also should be supported.
Proposal 3:
· In the case of PUCCH-Spatial-relation-info is not configured, one of the following alternatives can be supported for P0(q_u), pathloss reference(q_d) and close loop process(l) indication,
· Alt1: UE determines UL power control parameters based on the service type/logical channel which the UCI carried on the PUCCH is associated with.
· RRC configured the linkage between logical channel and power control parameter set.
· Alt2: UE determines UL power control parameters based on transmission format for the PUCCH.
· RRC configured the linkage between transmission format and power control parameter set.
· Alt3: UE determines UL power control parameters based on explicit indication in DL grant for PUCCH.
· RRC configured the linkage between explicit indication states and power control parameter set.
3. Conclusion
In the contribution, we have investigations on repetition, false alarm and power control for URLLC, and propose that,
Observations 1: As false detection probability target may increase, 16-bit RNTI size will cause higher packet error and other potential issues.
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Proposal 1: 
· For configured grant UL transmission, a UE may repeat always for K repetitions for a TB.
· HARQ ID transmitted together with data can be considered.
Proposal 2:
· One of the following alternatives can be supported for P0/alpha(j), pathloss reference(q_d) and close loop process(l) indication,
· Alt1: UE determines UL power control parameters based on the service type (determine by LCP procedure logical channel priority) that is carried on the PUSCH.
· RRC configured the linkage between logical channel and power control parameter set
· Alt2: UE determines UL power control parameters based on transmission format (e.g. transmission duration) for the PUSCH.
· RRC configured the linkage between transmission format and power control parameter set.
· Alt3: UE determines UL power control parameters based on explicit indication in UL grant for PUSCH.
· RRC configured the linkage between explicit indication states and power control parameter set.
Proposal 3:
· In the case of PUCCH-Spatial-relation-info is not configured, one of the following alternatives can be supported for P0(q_u), pathloss reference(q_d) and close loop process(l) indication,
· Alt1: UE determines UL power control parameters based on the service type/logical channel which the UCI carried on the PUCCH is associated with.
· RRC configured the linkage between logical channel and power control parameter set.
· Alt2: UE determines UL power control parameters based on transmission format for the PUCCH.
· RRC configured the linkage between transmission format and power control parameter set.
· Alt3: UE determines UL power control parameters based on explicit indication in DL grant for PUCCH.
· RRC configured the linkage between explicit indication states and power control parameter set.
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Annex A : false detection performance target
The overall system level false detection probability can be translated to an individual UE’s false detection probability,


Where Poverall is the overall system level false detection probability, PUE is the individual UE’s false detection probability, n is the number of active users in a cell.
Assuming Poverall is 1%, and n=200 for 20MHz, it results in PUE = 5x10-5
Assuming Poverall is 1%, and n=1000 for 100MHz, it results in PUE = 1x10-5
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