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Introduction
In this contribution, we first discuss different reliability requirements associated with URLLC use cases. Further, multiplexing of UL transmissions with these different requirement from multi-TRP viewpoints is also discussed.   
  
URLLC requirements
Moving ambulance and bio-connectivity, industrial control and connectivity for drones have been identified as mission critical use cases that require high reliability, high availability and low latency [1]. The service requirements for these mission critical use cases are summarized below.

Table 1 URLLC requirements
	Case 
	Requirements

	Minimum

	3GPP  URLLC [2]
	· The minimum requirement for the reliability is 1-10-5 success probability of transmitting a layer 2 PDU (protocol data unit) of 32 bytes within 1ms in channel quality of coverage edge for the Urban Macro-URLLC test environment, assuming small application data (e.g. 20 bytes application data + protocol overhead). 

	Mission critical communication with high reliability, high availability and lower latency [1]

	Moving ambulance and bio-connectivity
	· A critical event detected by a telehealth monitoring device should get preferential treatment.
· High throughput (100 Mbps, uplink/downlink) even in the high mobility scenario (e.g. greater than 120 km/h)
· Low end-to-end latency ranging from 1ms up to 10ms even in the high mobility scenario.
· Ultra-high reliability (no value specified)
· High availability.

	Industrial control

	· 200 to 1521 bytes, reliability 1-10-4 in 8ms (e.g. Smart grid [1][3]) .
· High availability.

	Connectivity for drones

	· High speed uplink bandwidth at least [20Mbps].
· Coverage at low altitude of [10-1000] meters with the high speed as maximum as [300km/h].
· Round trip latency less than [150 ms], including all network components. 
· Due to consequences of failure being loss of property or life, reliability goal is [near 100%.]. Reliability to be at the same level for current aviation Air Traffic Control (ATC). Link supports command and control of vehicles in controlled airspace. 
· Priority, Precedence, Pre-emption (PPP) mechanisms shall be used to ensure sufficient reliability metrics are reached. 



The most stringent reliability and latency requirement is specified to be 1-10-5 for 32 bytes with a user plane latency of 1ms. In addition, other mission critical use cases have varying service requirements. The range of these requirements can be derived as below:
· Reliability in the range of [1-10-5 to 1-10-4 ]
· Latency in the range of  [1ms to 10ms, and 150ms]
· Throughput in the range of [ 256 Kbps to 1.5Mbps, and 20 Mpbs (uplink) to 100Mbps (uplink/downlink)
· Availability [X] (a base station is available for the targeted communication X% of the time [2])
Observation 1: It can be observed that different use cases within the same family of mission critical communication needs varying levels of reliability, latency and data rates. 
Therefore the system design for supporting mission critical communication must have sufficient adaptability to different latency, reliability and throughput requirements to utilize the scarce radio resources efficiently.   
The reliability of a wireless link can be increased by transmit/receiver diversity which exploits rapid amplitude fluctuations as an UE travels distances of the order of few wavelength. However, localized antenna diversity is not effective if the wireless link from the UE to a given TRP is undergoing large scale fading.   If the UE is allowed to operate in multi-TRP environment, then it can choose a different TRP that is not undergoing large scare fading. Further, packet duplication via different TRPs can provide SNR gains and increased reliability. Moreover, multi-TRP operation can increase service availability which is important for a number of mission critical use cases discussed above. It is further observed above that some mission critical use cases require UL data rates of 20 Mbps or more with high availability at high mobility. Multi-TRP connectivity can also be useful for such use cases.   
Observation 2: Multi-TRP connectivity is beneficial for increasing reliability, availability and throughput. 

 Multiplexing of UL transmissions
Multi-TRP operation has been discussed in 3GPP RAN1#89 [4] and it has been agreed to support two scenarios. In the first scenario, single NR-PDCCH schedules single NR-PDSCH where separate layers are transmitted from separate TRPs. In this case, it may be assumed that TRPs transmitting separate layers may share a common scheduler. In the second scenario, multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP. These TRPs may or may not share the same scheduler. Further, the backhaul connecting these TPRs may not be assumed to be ideal.
A closely related aspect for further consideration is UE UL procedures for the transmission of PUCCH (ACK/NACK for PDSCH) and PUSCH in multi-TRP scenario. It has been agreed that the PUCCH transmissions can happen at the end of slot. Further there are two-PUCCH types, short PUCCH and long PUCCH which can be 1-2 OFDM symbols or 4-14 OFDM symbols long, respectively. It is possible that PUCCH transmissions coexist with slot based or non-slot based PUSCH transmissions within the same slot. These PUCCH transmissions and PUSCH transmissions may belong to different service types, for example:
· PUCCH for URLLC and PUSCH for URLLC
· PUCCH for URLLC and PUSCH for non-URLLC (low priority)
· PUCCH for non-URLLC (low priority) and PUSCH for URLLC
· [bookmark: _GoBack]PUCCH for non-URLLC (low priority) and PUSCH for non-URLLC(low priority)
If PUCCH and PUSCH belong the same TRP or TRPs sharing the same scheduler, then it may be possible to configure PUCCH or PUSCH resources so as to avoid collision, interference (IM) or potential power difference between PUCCH and PSSCH form a given UE perspective. However, it may not be always possible to align PUCCH and PUSCH resources form a give UE perspective as PUCCH resources are generally configured to be shared by a group of UEs. If the TRPs do not share the same scheduler or do not have an ideal backhaul inter-connections, coordination of PUSCH and PUCCH resources belonging to different TRPs may not be feasible altogether.  
Proposal 1: Coexistence rules and procedures (implicit or explicit) for PUCCH and PUSCH within the same slot/no-slot from a single UE perspective need to be defined for multi-TRP operation. Additionally, these PUCCH and PUSCH coexistence procedures shall ensure service requirements of URLLC as outlined in Section 3 are met.

Conclusion
In summary, we discussed multiplexing of UL transmissions with these different requirement from multi-TRP viewpoints and observed and proposed the following:   
Observation 1: It can be observed that different use cases within the same family of mission critical communication needs varying levels of reliability, latency and data rates. 
Observation 2: Multi-TRP connectivity is beneficial for increasing reliability, availability and throughput. 
Proposal 1: Coexistence rules and procedures (implicit or explicit) for PUCCH and PUSCH within the same slot/non-slot from a single UE perspective need to be defined for multi-TRP operation. Additionally, these PUCCH and PUSCH coexistence procedures shall ensure service requirements of URLLC as outlined in Section 3 are met.
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