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Introduction
In the RAN#83 plenary meeting, the contents of the Rel16 work item for eURLLC has been approved [1], both enhanced power control schemes and uplink cancellation shall be specified for supporting inter-UE multiplexing on shared resources. Text proposals and initial ideas have already been agreed and are captured in TR 38.824[2]. And in RAN1 96bis, a lot of progress has already been made on the scheme for UL cancelation. In this contribution, we discuss both enhanced power control and uplink cancellation in more detail and we analyze the applicable scenarios for each scheme.
[bookmark: _Ref129681832]Overview of the solutions to inter-UE prioritization and multiplexing
Inter-UE uplink prioritization and multiplexing is a complex topic and there are limitations for both the UL power control and the UL cancelation scheme. None of the schemes is a generic solution which is suitable for all use cases. Instead, the two approaches can complement each other.
For UL cancelation, the solution can ensure the performance of URLLC transmissions when multiplexed with eMBB transmissions. But it is not applicable for some scenarios, for example:
· Deployment in TDD: For a UE in TDD mode, the eMBB UE will not be able to transmit uplink traffic and listen to the downlink cancellation signalling at the same time. 
· Applicability on grant-free: It is not possible for the gNB to know in advance whether there will be any URLLC traffic in configured resource. The gNB cannot decide when to send an UL cancelation indication to the eMBB UE to stop its traffic.
· eMBB UEs with different capabilities: R15 UEs cannot monitor UL cancelation. For deployments with only few URLLC UEs but a high number of eMBB UE in the cell, this solutions does not seem to be economical. 
· URLLC with high arrival rate: The UL cancelation would suspend the eMBB transmission frequently which leads to a very low link efficiency. 
As it can be seen from the discussion above, there is a multitude of use cases that cannot benefit from UL cancelation. At least in these situations, an enhanced UL power control scheme should be used instead.
For the enhanced UL power control scheme, other cases might not be appropriate, for example for URLLC UEs at the cell edge when there is not sufficient power headroom. In these cases UL cancellation of the eMBB traffic can be applied.  
For the enhanced power control mechanism, there are several candidate solutions of which one or multiple can be specified:
· Dynamic indication of  OLPC  parameters 
· with UL grant DCI without SRI field
· with group common DCI
· Increased TPC range
· With 2 bit TPC command 
· With 3 bit TPC command
For UL cancelation, there are also different flavors that need to be studied, e.g.
· Signaling method: Group-common, UE specific, both?
· Cancellation method: Stop without resume or stop-and-resume?

Enhanced UL power control mechanism 
In RAN1 96bis the following conclusion has been made:
	Conclusion:
· Further discuss the following power control enhancements
· Increased TPC range
· FFS details, e.g. supported value range, number of TPC bits, accumulated and/or absolute TPC, configurability of the TPC tables, applicability to SRS/PUCCH. 
· Indication of open-loop parameter sets based on scheduling DCI without using SRI 
· Indication of open-loop parameter sets based on GC-PDCCH



When URLLC and eMBB transmissions are scheduled on shared resources or when eMBB transmissions are scheduled on resources that are overlapping with another URLLC UE’s grant free resources, enhancements are needed to secure a reliable URLLC reception. These enhancements can be implemented in the URLLC UE, in the eMBB UE or in both types. Due to the very high requirements for URLLC, the URLLC capacity in the cell is much lower than for eMBB and typically many more eMBB UEs can be expected to be deployed than URLLC UEs. From our perspective, it is therefore more economical to tie possible enhancements to the URLLC device.
When one UE is already transmitting an eMBB PUSCH and then another UE has urgent URLLC data to be sent on the overlapping resource, a relatively higher power can be dynamically applied than for the case without an overlapping eMBB transmission. Two mechanisms can be specified to enable the dynamic power control, dynamic indication of OLPC parameters and an increased TPC range.
Dynamic indication of OLPC parameters:
It should be made possible to dynamically indicate different sets of power control parameters to the UE. The gNB could pre-configure at least two sets of open-loop power control parameters {P0 andα} for the URLLC UE. Then, which one to use can be indicated by DCI. This mechanism can already be realized in Rel-15 in a UE specific manner with the SRI. The SRI-field in the DCI indicates one of multiple sets out of RRC-configured power control parameters {P0, α}. However, this DCI field does not always exist, e.g. not in a fallback DCI and neither when there is only one beam present. Hence, a new DCI field could be added to indicate the set of OLPC parameters. Another possibility is that an existing DCI field can be re-used to implicitly indicate the OLPC parameter set, e.g. the TPC command field. The existing two bits in the TPC field could be re-interpreted to select one out of four possible power control parameter sets. This UE specific solution is feasible for the case of multiplexing between grant-based eMBB and grant-based URLLC transmissions, but it does not work well for multiplexing between grant-based eMBB and grant-free URLLC transmissions. The reason is that the same grant free resource can be configured for several URLLC UEs and a UE-specific DCI for each grant free UE would cause PDCCH blocking issues and could also increase the required number of blind detections. Thus, for grant-free, a group common DCI that can dynamically indicate the OLPC parameters is a better approach. Then, all of the impacted GF UEs can receive the OLPC indication with one and the same signaling and also the GF UEs can monitor the signaling in common search space with only a few PDCCH candidates instead of multiple blind detection attempts in USS.
Increased TPC range:

Another possibility for enhanced power control is to use the TPC command field to adjust the closed loop power control parameters. The value range in the current TPC table in [3] is not capable to track the change of BLER requirements for URLLC transmissions dynamically in order to efficiently compensate with the required transmission power [4]. Thus, enlarging the range of accumulated and absolute denoted by the TPC command is also an enhancement that should be specified. The table entries could be modified and/or the TPC command could be extended with more bits.
If the TPC command remains 2 bits wide, the range of the entries needs to be changed (e.g. to 6dB). In this case, higher layers would configure 2 TPC tables, one with the enlarged range and one with the normal range. The gNB could then inform the UE either semi-statically or dynamically which table to use for the closed-loop power control. For the new 2-bit TPC table, the step size between entries should be enlarged to be no smaller than 2. And for URLLC transmission with limited transmission time budget, the accumulated TPC with power adjustment step by step might not be suitable. The TPC table enhancement could be applied only for the absolute correction value, so that the URLLC transmission power can be adjusted to the target value with only one indication. Additionally, a time reference resource for the validity of the TPC command can be configured or indicated. After its expiration, the UE falls back to the transmission power it has had before overlapping with eMBB. With such an approach, there might be even a solution where only positive values are needed in the TPC table and then the 2-bit DCI field would be enough even if a small granularity is desired.
If the TPC command field changes to 3bits and the values of the old TPC table remain, the higher layer would only need to configure one TPC table. Then both the UL grant with TPC command and the group common DCI used for the transmission of the TPC command should be changed accordingly. The DCI field of the TPC command for scheduling PUSCH in DCI format 0_0 and 0_1 changes to 3 bits. If increasing the TPC command entries to 3 bit also would apply to PUCCH transmissions, the DCI field of TPC command for scheduled PUCCH in DCI format 1_0 and 1_1 also increases to 3bits. And for the group common DCI 2-2 which is used for the transmission of TPC commands for PUCCH and PUSCH,  each block including 2 bit TPC command and 0 or 1 bit close loop indicator would be increased to 3 or 4 bits. However, according to [5] the number of information bits in DCI format 2_2 shall be equal to or less than the payload size of the fallback DCI of DCI format 1_0 in the same serving cell, which means 3 bit TPC command field would decrease the number of UEs that group common DCI format 2_2 can indicate. Additionally, since close loop power control of SRS re-uses the TPC command field table of PUSCH, the structure of group common DCI used for the transmission of a group of TPC commands for SRS transmission, DCI format 2_3, would also be changed. 
[bookmark: _Ref1153385]Proposal 1: In order to support inter-UE multiplexing between eMBB and URLLC, an enhanced power control mechanism for the URLLC UE shall be supported, e.g.
· Dynamic indication of power control parameters
· The gNB can pre-configure two sets of open-loop power control parameters {P0, α}. The applicable set is indicated in the group common DCI
· Enhanced TPC signaling, e.g.
· Modification of TPC entries with absolute value
· Increasing the number of bits of the TPC command
Grant-based eMBB and grant-free URLLC transmission
The grant free resources are configured by the gNB to satisfy the URLLC performance requirement. However, it is possible to have no URLLC transmissions on the grant free resource for a long period of time. It would reduce the system efficiency, if these unoccupied resources could not be used for eMBB instead. Therefore, it should be possible that the gNB can schedule a part of the grant based eMBB transmissions overlapping with the grant free resources. Since it is not known in advance, when the URLLC UE will transmit in the grant-free resources, collisions between eMBB and URLLC might happen, which would degrade the URLLC transmission reliability. 
One possible solution would be that the grant free URLLC UE is configured with two sets of transmission power control parameters, corresponding to scenarios with and without eMBB collision, respectively. Then, a mechanism to inform the grant free URLLC UE of the potential collision is introduced. When the gNB schedules a grant based eMBB transmission on the configured grant resources, it can dynamically indicate these resources, e.g. with UE specific signaling to the impacted UEs or with group common signaling.  When the URLLC UE then has data to transmit, it knows which power control parameters to apply. An example for a resource indication of the eMBB transmission on the grant free resource is illustrated as the green blocks shown in Figure 1 below. 
One set of the power control parameters corresponds to the default setting (#1 TPC) and the other one corresponds to the power control parameter using different values (#2 TPC). As shown in the example of Figure 1, when the gNB schedules an eMBB transmission on grant free resources, it signals to the grant free UEs with slot-based PDCCH and indicates the scheduled eMBB resources of other UEs. After the grant free UE has received this resource indication, and there is no overlap with other UE’s eMBB transmission, it will transmit data with the default power control parameter, #1 TPC. Otherwise, once the grant free UE needs to transmit data on the indicated overlapping resources, it will turn to the other power control parameter set, #2 TPC. With this method, the grant free UE can be precisely indicated when to change it transmission power. This effectively alleviates the impact from the eMBB transmission on the shared resources, ensuring the reliability of grant free URLLC transmission. 
[image: ]
[bookmark: _Ref3555799]Figure 1 Power control method for Grant Free case
System level simulations
To analyze the inter-UE uplink multiplexing between grant-based eMBB transmission and grant-free URLLC transmissions, we evaluate 3 different cases:
· Case 1: The eMBB and URLLC are transmitted on orthogonal resources, i.e. eMBB transmissions would not be scheduled on pre-configured grant free resources.
· Case 2: The eMBB transmissions can be scheduled on grant free resources, and a semi-static power control scheme is used for CG transmissions, the CG transmission power is increased by 6dB.
· Case 3: The eMBB transmissions can be scheduled on grant free resources, then a dynamic power control scheme is used for the CG transmission. The CG UE is increasing its transmission power with 6dB in case it is using a CG that overlaps with the eMBB resources. 
We evaluate the URLLC performance according to the ratio of UEs that satisfy the reliability requirement of 1e-5 within latency budget, and we evaluate the eMBB performance by measuring its UPT. In the system-level simulation, we assume a 7x3 cell deployment. In each cell, 5 URLLC UEs and 2 eMBB UEs are randomly dropped. The eMBB UE has FTP-3 traffic. The subcarrier spacing is 30 kHz.
Table 1 - The performance of inter-UE multiplexing between grant free URLLC Tx and grant based eMBB Tx
	
	URLLC ratio
	eMBB UPT(Mbps)

	Orth-transmission
	0.93
	1.04

	Semi-static TPC
	0.92
	1.24

	Dynamic TPC
	0.914
	1.51


The best URLLC performance is achieved in Case 1, when eMBB transmissions are not allowed to be scheduled on grant free resources (orthogonal transmissions), in that 93% URLLC UEs satisfy the requirement of latency and reliability. But for Case 1, the URLLC performance is only very marginally better than for Case 2 and Case 3 even though URLLC transmissions are not interfered by eMBB transmission at all. For case 2, URLLC transmissions on grant free resource are with higher level power, no matter whether eMBB transmissions are scheduled on the overlapping resource. This will increase the inter-cell interference and reduce the eMBB throughput in other cells. But for case 3, power adjustment for URLLC transmissions is precisely on the multiplexed part. All the 3 cases, URLLC performance is good enough. For the eMBB throughput, on the other hand, the performance is degraded significantly in Case 1, nearly 33% worse than for the case when eMBB transmissions are allowed to overlap with grant free resources and dynamic power control scheme is used. This again proves that if eMBB is allowed to be transmitted on grant free resources, it would improve the system efficiency significantly.  
Observation 1: Dynamic power control of the grant free URLLC UE has a similar URLLC performance as semi-static power control and also as orthogonal-transmission.  At the same time, it shows the best eMBB performance.
Proposal 2: In order to support inter-UE multiplexing between eMBB and URLLC, where URLLC is using configured grant, enhanced power control mechanism for the URLLC UE shall be supported, e.g.
· Implicit power control mechanism
· The network indicates the scheduled eMBB resources to the URLLC UE and the URLLC adjusts its transmission power according to a predefined rules
· Explicit power control mechanism,
· Dynamic indication of open loop power control parameters with group common DCI
· Enhanced TPC signaling for group common DCI 
To avoid additional specification effort, the signaling mechanism could use the same framework that is designed for the UL cancellation signaling, e.g. group-common DCI, UE specific DCI or sequence design.   
UL Cancelation mechanism 
In RAN1 96bis the following agreements has been achieved:
	Agreements:
· Upon detecting an UL cancelation indication, at least stop without resuming is supported
· FFS whether and how to support stop with resume 
Agreements:
· Further discuss which UL transmissions that can potentially be cancelled by the UL cancelation indication, including
· Dynamic scheduled UL transmissions, including PUSCH, PUCCH, SRS
· Semi-persistent UL transmissions, including PUSCH, PUCCH, SRS
· Periodic UL transmissions, including configured grant PUSCH, PUCCH, SRS
· PRACH

Agreements:
· Further discuss, aiming for down-selection, the group common DCI and UE-specific DCI for UL cancelation indication 
· For group common DCI (different from Rel-15 SFI)
· UE is configured to monitor a group common DCI which indicates the time/frequency region on which the UL cancellation indication applies
· For UE specific-DCI
· When applicable, UE is configured to monitor a second UL grant for the same TB as an earlier PUSCH indicating UL cancellation before the end of the earlier PUSCH transmission. In this case, the UE follows the UL cancellation indication.   




The detailed design of UL cancelation needs to be discussed considering several factors, such as if UE specific or group-common signaling should be used and whether the eMBB transmissions may or may not resume after cancelation and which uplink transmissions should be cancelled.  
1) Group common vs UE specific signaling  
Group common signaling: Some companies propose to introduce this option. A new DCI format similar to format 2_1 or format 2_2 would need to be introduced. We think some considerations on how to ensure the reliability to all UEs within the group while keeping the complexity low and how to define the granularity of the indicated resources are needed. Most likely the highest possible aggregation level has to be used and even then, it is not clear if this is sufficient for the required payload of a group common DCI. Another issue is when to monitor the group-common DCI, it might not be needed for an eMBB UE to monitor UL PI, when it has no uplink data to transmit.
Observation 2: The maximum payload of the group common DCI has to be decided based on required and achievable reliability
UE-specific signaling: Some companies propose to use UE-specific signaling to inform about the UL PI. An enhanced scheme would be required so that the gNB can reschedule the eMBB UE to new resources with a new UL Grant. The grant should not only schedule a new PUSCH in non-overlapping resources but also indicate to the eMBB UE to cancel the previously scheduled PUSCH. By doing this, the data of the eMBB UE can quickly be transmitted in the re-scheduled PUSCH resource. Alternatively, one may re-design the UL Grant to achieve the same function as with a group-common DCI, and use one extra bit or some implicit methods to indicate that the UL Grant is actually an UL PI, while the allocated time-frequency resource for the ‘virtually scheduled PUSCH’ can be interpreted as the resource on which the UE should remain silent, i.e. stopping any uplink transmission. In both cases the eMBB UE cannot afford to miss this grant. Therefore, its reliability must be much higher than for the originally transmitted scheduling grant.
Proposal 3: RAN1 should support group common signaling for UL cancelation
2) UE behavior after cancelation 
Upon detection of an UL cancelation indication, the UE behavior needs to be decided, i.e. shall the UE cancel the corresponding UL transmission, including an on-going UL transmission, or shall only an UL transmission be cancelled that has not started yet. Another aspect is to decide is whether the UE shall resume its transmission after the cancellation or not.
a) Stop without resuming: The remaining part after the cancellation of the eMBB-PUSCH (the one that is not impacting any other URLLC transmission) will not be transmitted. Instead, in case of an unsuccessful reception, the gNB might schedule the whole TB again at a later time. It seems that this operation has no other impacts on the eMBB transmission apart from latency, but which is not stringent for eMBB. However, it could be regarded as a waste of the on-going-but-canceled transmission and would reduce the spectral efficiency to some extent. 
b) Stop and resume: Instead of the entire eMBB transmission being canceled, it is only paused during the URLLC traffic and then resumed again. This may result in a better resource utilization, but suffer from a phase discontinuity as described in [5]. The resumed transmission decoding would fail as the previous channel estimation can no longer be used. Furthermore, the method could result in a more complicated resource indication than for the “Stop without resuming”. In the latter, only the start of the cancellation needs to be specified in the time-domain, whereas in the former, both start and end have to be indicated.
Proposal 4: Stop and resume should not be supported
3) Which UL transmissions can be potentially cancelled
PRACH which is used for the initial access procedure is more important than the eMBB data channel. Even if URLLC transmissions are urgent, they should not force other UEs to skip their PRACH. Hence, PRACH should not be cancelled by the UL cancelation indication. Instead the gNB scheduler should avoid scheduling URLLC on these resources.
For PUSCH and PUCCH, the UE should be able to differentiate the service type of eMBB or URLLC. URLLC transmissions have higher priority than eMBB transmissions, so UL cancelation would cancel eMBB transmissions when it comes to resource collision. For a UE that is supporting both eMBB and URLLC services, it should be able to cancel its eMBB transmissions rather than its URLLC transmissions. And it should follow the rule of stop without resume considering the problem of phase discontinuity for PUSCH, and DMRS impact and the problem of orthogonality for PUCCH OCC. For example, the DMRS of a PUSCH or a PUCCH is indicated by UL cancelation, there is no point for gNB to receive and decode the rest transmission without reference signal and not knowing channel condition. And if a PUCCH is scrambled by OCC, when it is impacted by UL cancelation, the orthogonality of rest PUCCH would be destroyed. But if the PUCCH format has no DMRS or scrambled by OCC, the cancelation rule should be re-considered, as long as SRS. 
Proposal 5: PUCCH and SRS can potentially be cancelled by the UL cancelation indication. But the specific cancelation rule depends on the transmission characteristics.
The reference uplink resource for UL cancelation may not be of so fine granularity that exactly can match the URLLC PUSCH. It is possibly larger and then the beginning of the next eMBB PUSCH can also be within the reference resource. It is hard to know whether a part of next PUSCH is impacted or not. How to deal with this situation should also be considered.
Observation 3: The granularity of the UL PI might impact multiple consecutive eMBB PUSCH transmissions. 
Uplink cancelation does not need to be restricted to eMBB. It can also be used on inter-URLLC-UE multiplexing, where different UEs run different URLLC services with different requirements. When UL cancelation is used for periodic UL transmission of configured grant with repetitions, the impacted transmissions can be cancelled. Here, it is important to consider the redundancy version of a specific transmission, if it is self-decodable. For example assume that the one self-decodable transmission is cancelled due to UL CI, then, if the next transmission is not self-decodable there is no point in transmitting it even if it is not colliding with another UE’s transmission.
Observation 4: The redundancy version of an UL transmission succeeding a cancelled transmission should be considered. In case it is not self-decodable it might also be cancelled, even if it is not colliding with another UE’s transmission.     
Possible unified solution for eMBB UL cancellation and CG-URLLC power control
In order to limit the standardization effort and implementation impact a unified solution should be developed for the signalling of UL cancellation to eMBB UEs and enhanced power control to grant-free URLLC UEs. Below, a potential solution is described:
· GC-DCI indicates resources (similar to DCI format 2_1)
· Depending on the supported traffic or UE configurations
· Dynamic eMBB PUSCH would be cancelled when overlapping with indicated resources
· CG-URLLC PUSCH would increase power by [6] dB when overlapping with indicated resources
Proposal 6: RAN1 shall strive for a unified signaling framework to carry resource indication for the case of UL cancellation and enhanced power control for grant-free UEs. 
Conclusion
In this contribution, we analyze the possible scenarios and some design details for UL cancelation and UL enhanced power control schemes for inter-UE UL multiplexing between URLLC and eMBB. For the enhanced power control, both dynamic indication of open loop power control parameters and an enlarged TPC range should be specified. For the open loop indication, the most suitable signaling approach is on our view a group-common DCI. For the enhanced TPC signaling it at least the enhancement for absolute values should be specified, we are making the following proposal for enhanced UL power control:
Proposal 1: In order to support inter-UE multiplexing between eMBB and URLLC, an enhanced power control mechanism for the URLLC UE shall be supported, e.g.
· Dynamic indication of power control parameters
· The gNB can pre-configure two sets of open-loop power control parameters {P0, α}. The applicable set is indicated in the group common DCI
· Enhanced TPC signaling, e.g.
· Modification of TPC entries with absolute value
· Increasing the number of bits of the TPC command

We also performed SLS to show the benefits of dynamic power control for grant free. Three schemes have been compared, a) orthogonal scheduling (ideal URLLC), b) semi-static power control (URLLC always transmits with 6dB more when overlapping with eMBB) and c) dynamic power boost, where URLLC power is only increased when it is overlapping with eMBB. Our SLS show that the all cases have basically same URLLC performance, but eMBB performance when dynamic power control is used is outclassing the other schemes. Our results are captured in the following observation:
Observation 1: Dynamic power control of the grant free URLLC UE has a similar URLLC performance as semi-static power control and also as orthogonal-transmission.  At the same time, it shows the best eMBB performance.
For the support of enhanced power control of grant-free UEs, following proposal is made:  
Proposal 2: In order to support inter-UE multiplexing between eMBB and URLLC, where URLLC is using configured grant, enhanced power control mechanism for the URLLC UE shall be supported, e.g.
· Implicit power control mechanism
· The network indicates the scheduled eMBB resources to the URLLC UE and the URLLC adjusts its transmission power according to a predefined rules
· Explicit power control mechanism,
· Dynamic indication of open loop power control parameters with group common DCI
· Enhanced TPC signaling for group common DCI 
For UL cancellation, it has to be down-selected between group-common DCI and UE specific signaling. The reliability of this signaling is critical but also other aspects should be considered. In our view the group-common approach is slightly preferred.
Observation 2: The maximum payload of the group common DCI has to be decided based on required and achievable reliability
Proposal 3: RAN1 should support group common signaling for UL cancelation
It has been debated whether or not a cancelled PUSCH should be resumed for the remainder of the slot. In our view the feasibility of such an approach has not been shown yet. Also, supporting resume could lead to a more complicate resource indication which would be requiring a higher payload in the UL PI. In our view, we should first get a basic framework for UL PI into place.   
Proposal 4: Stop and resume should not be supported
It has also been discussed which other channel besides the PUSCH can be cancelled. And aspects when UL CI overlaps with two consecutive transmissions or if the next transmission after a cancellation is not self-decodable should be taken into account:  
Proposal 5: PUCCH and SRS can potentially be cancelled by the UL cancelation indication. But the specific cancelation rule depends on the transmission characteristics.
Observation 3: The granularity of the UL PI might impact multiple consecutive eMBB PUSCH transmissions. 
Observation 4: The redundancy version of an UL transmission succeeding a cancelled transmission should be considered. In case it is not self-decodable it might also be cancelled, even if it is not colliding with another UE’s transmission.     
Finally, in order to minimize the specification effort, we propose using a unified signaling framework for UL PI and enhanced power control applied on grant-free URLLC UEs.
Proposal 6: RAN1 shall strive for a unified signaling framework to carry resource indication for the case of UL cancellation and enhanced power control for grant-free UEs. 
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Appendix
Table 3. SLS evaluation assumptions
	Carrier frequency
	4GHz

	Layout
	7 x 3 cell deployment

	Number of UE in a cell
	5 URLLC UEs , 2 eMBB UEs

	BS receiver
	MMSE 

	Simulation bandwidth 
	40 MHz

	SCS 
	30 kHz

	URLLC traffic model
	FTP model 3 

	URLLC packets arrival rate
	120 p/s

	URLLC packet size
	32byte

	URLLC TO
	7 OFDM symbol

	URLLC frequency allocation
	4 PRB

	URLLC transmission MCS
	MCS13 (2, 526/1024)

	eMBB traffic model
	FTP model 3

	eMBB packets arrival rate
	1000p/s

	eMBB packet size
	1000byte
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