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1
Introduction
Dynamic multiplexing between eMBB and URLLC traffic in the DL has been well specified so far in Rel-15 standards. However, how to multiplex various traffic in UL is still open. The “SID on Physical Layer Enhancements for NR URLLC” (RP-181477), include the following objectives (among others):

· Enhanced multiplexing considering different latency and reliability requirements (RAN1): UL inter UE Tx prioritization/multiplexing 
In this contribution we are presenting further details and analysis of a so-called Pause-Resume scheduling solution for inter-UE multiplexing of eMBB and URLLC. The concept is also some-times referred to as Suspend-Resume scheduling, Uplink preemption, or transmission cancellation by some companies proposing only Pause/Suspend (i.e. without resume), etc. The concept is described in Section 3. The pause-resume concept is valid for cases where both the URLLC and eMBB transmissions are scheduled. For cases where the URLLC transmission are grant Free by using NR configured grant (CG) – different types of solutions are needed. Solutions for cases with CG URLLC transmissions are discussed in Section 4, while new performance results from dynamic system level simulations appear in Section 5. Section 6 concludes the contribution with Proposals.

2
Addressed Uplink Scheduling Problem
Scheduling of users (a.k.a. per-user radio resource allocation) in the uplink is a complex problem with additional dimensions when considering traffic with highly diverse requirements. For the 5G NR, we assume that the scheduler can multiplex users on a time-frequency grid of radio resources, allowing scheduling with different TTI sizes. The added freedom to schedule users with different TTI sizes is attractive to allow more accurate per-user adaptation according to the users’ QoS requirements, as well as their radio conditions. 

Now let us assume a fully loaded cell with majority of the offered traffic coming from eMBB, while a smaller fraction of the offered traffic originates from URLLC. To have high trunking efficiency and full radio resource usage, the scheduler will allocate all available uplink transmission resources to eMBB users, during times when there are no pending URLLC transmissions. This implies that when the need for URLLC transmission(s) suddenly occurs, the scheduler will in principle have to wait until the ongoing uplink eMBB transmissions are completed, where-after it can then schedule the pending URLLC traffic. However, this tends to violate the QoS requirement of low latency for URLLC use cases, and hence is considered sub-optimal, or even a non-acceptable solution. Alternatively, the scheduler could just schedule the URLLC transmissions on radio resources already used by ongoing eMBB transmissions with the same or different power control parameters; however, also that alternative solution is not attractive as this will jeopardize the QoS requirement of ultra-reliability for URLLC due to interference from ongoing eMBB transmissions. A third alternative would be to reserve some guaranteed resources for urgent URLLC transmissions. However, such solution is unattractive either as it would result in wasted radio resources during time periods with no pending URLLC transmissions.

The addressed problem is summarized by the following set of observations:

· For efficient usage of the air interface resources, it is desirable to use a single pool of resources to be dynamically shared by all types of traffic, eMBB and URLLC.

· Queuing a latency critical transmission (incl. URLLC) after ongoing eMBB transmissions may not allow the URLLC transmission to meet its latency requirements.

· Transmitting a URLLC packet at the same time and on the same resources as an ongoing eMBB transmission may not allow the URLLC transmission to meet its reliability requirements.

3
Inter-UE Multiplexing for Scheduled Access
In this section we consider the case where both URLLC and eMBB transmission are dynamically scheduled. The uplink scheduling is conducted by the gNB sending scheduling grants in the downlink to the users. Among others, the scheduling grant includes pointers to time-frequency uplink resources that the users shall use for UL transmission. The gNB can choose to schedule users with different TTI sizes; e.g. on multi-slot, slot, or mini-slot resolution given the options/constraints offered by the 5G NR flexible frame structure. 

What we propose is the following:

1. An gNB can selectively choose to configure eMBB users that are scheduled in the UL over one or multiple slots (aka slot aggregation) to still monitor for DL physical control channel carrying the scheduling grants in the start of every mini-slot (or a sub-set of those) during the ongoing UL transmission. This is possible for FDD mode, while being not applicable for TDD mode as UEs will either transmit or receive at a given point in time.
a. It is expected that URLLC (or other low latency constraint communication) traffic has more opportunities to transmit scheduling requests and scheduling grants in time than eMBB traffic to satisfy its stringent latency requirement. This approach would require eMBB users to also monitor the scheduling opportunities corresponding to URLLC traffic during its own UL transmissions (not outside UL transmissions).
2. If a need for urgent scheduling (e.g. of an URLLC user) occurs, the gNB can chose to send a pause-resume signalling message (sometimes also referred to as UL preemption signal) to one or multiple users that have an ongoing UL transmission that overlaps with the resources that the gNB intends to use for URLLC transmissions.
3. The pause-resume signaling message informs the UE(s) to put its ongoing uplink transmission on pause for a short duration, where-after it shall continue (resume) its uplink transmission.

a. This approach assumes that these eMBB UE has the capability to monitor the DL control channel more frequently, and the processing time for the DL control is comparable to that of URLLC UEs. In this case, the pause-resume signaling message can be sent in the same symbol(s) as the UL grant for URLLC.

b. Note that the pause-resume signaling to the eMBB user(s) is sent in parallel with the scheduling grant to the URLLC user.

4. The pause-resume signaling message is assumed to be sent on PDCCH, using group-common signaling as is also used for DL preemption signaling.
The proposed mechanism is illustrated in Fig. 1 and Fig. 2. In this particular example, the gNB first schedules an eMBB user to transmit with a long TTI size corresponding to at least one or multiple slots in the uplink. In this example the TTI size for the eMBB user equals an integer number of mini-slots or slots. The eMBB UEs starts the corresponding scheduled PUSCH transmission. During that transmission, the eMBB UE receives a pause-resume message, stopping the ongoing eMBB PUSCH transmission for one mini-slot (or slot), while afterwards resuming the eMBB transmission to transmit the last two subframes of the TTI. During the mini-slot (or slot) where the ongoing eMBB transmission is put on pause, the gNB schedules the latency critical URLLC transmission. 
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Fig. 1: Schematic illustration of the basic principle of the Pause-Resume scheduling mechanism for the uplink.
Fig. 2 illustrates an example of the corresponding gNB-UE signaling flow diagrams, for the case where a longer ongoing UL transmission from an eMBB UE is put on pause to immediately unleash UL transmission resources for a more urgent URLLC transmission. 
At time T1, the gNB sends an UL scheduling grant to the eMBB UE. The processing time at eMBB UE to decode the PDCCH and prepare the corresponding PUSCH transmission is denoted P1. We assume that the value of P1 is according to UE capability 1 or 2 as defined in 3GPP TS 38.214, Section 6.4. 

At time T2, the eMBB UE PUSCH transmission scheduled by the gNB at T1 is started.

At time T3, the gNB initiate urgent scheduling of an UL transmission from the UE URLLC, by sending an UL scheduling grant. The processing time at URLLC UE to decode the PDCCH and prepare the corresponding PUSCH transmission is denoted P3. We assume that the value of P3 is according to UE capability 2 as defined in 3GPP TS 38.214, Section 6.4. Also at T3, the gNB transmits the pause-resume signal on the common PDCCH (in parallel with sending the UL scheduling grant to the URLLC UE) to the impacted eMBB UE. The processing time at the eMBB UE to decode the pause-resume signal and put the eMBB transmission is denoted P2. To reduce the UE complexity for the pause-resume signaling (aka uplink preemption indication monitoring), the PDCCH carrying this information may be configured with a reduced number of candidates (i.e. reduced search space). 

For the concept to work, it is obvious that P2≤P3 must be fulfilled. This is a reasonable assumption since; (i) both P2 and P3 include decoding of a PDCCH transmission, (ii) P3 include the preparation for PUSCH transmission, (iii) while P2 don’t include any PUSCH transmission preparation, but only pausing an ongoing PUSCH transmission.
At time T4, the eMBB UE transmission is put on pause, and the URLLC UEs PUSCH transmission is started.

At time T5, the eMBB UE transmission is resumed, and the URLLC UEs PUSCH transmission is completed. 
At time T6, the eMBB UE transmission is completed at the originally scheduled time.
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Fig. 2: Schematic illustration of gNB-UE signaling flow diagrams for the proposed Pause-Resume scheduling method.
The benefits of the Pause-Resume scheduling mechanism are clear: It allows the gNB scheduler to quickly unleash cell resources for urgent uplink transmissions, by temporarily putting ongoing longer transmissions on standby, such as e.g. eMBB. This is advantageous to meet the challenging latency and ultra-reliability requirements e.g. URLLC. In its simplest form, the concept could be reduced to only having the pause (or suspend) of the eMBB transmission at T4, as this is what is needed to protect the URLLC transmission. However, having also the resume is beneficial for the eMBB transmission as less of the overall PUSCH transmission will be lost. Notice furthermore that both the pause and resume signaling is part of the same PDCCH transmission to the eMBB UE and therefore does not create any additional DL control load (assuming it fits the intended DCI size).
The cost of the proposed Pause-Resume Scheduling mechanism for the terminal is as follows: The eMBB UE configured to operate with Pause-Resume needs to monitor for (say in every slot or mini-slot) DL control channel receptions after receiving the UL grant, until the end of the PUSCH transmission. The effort for the UE to monitor for DL control channel transmissions has a cost in terms of power consumption and the required processing power. However, one should keep in mind that when the UE is transmitting in the UL, the UE power consumption is dominated by the UE transmission, rather than by the UE reception (and control channel search effort). Secondly, a UE may be configured to monitor for DL control channel transmissions (PDCCH) on e.g. mini-slot resolution for DL scheduling (as e.g. could be useful during slow start TCP phase for eMBB), independent of whether the Pause-Resume Scheduling mechanism is enabled. Finally, according to Step 1 of Pause-Resume Scheduling, the network typically only will configure a subset of the eMBB UEs per cell that are operated with long UL transmissions with UL pause-resume operation. 
Error cases: In practice DL control decoding errors can of course occur. Let us denote the probability of error for the URLLC to miss its UL scheduling grant by E1. The value of E1 is largely controllable by the gNB, as the gNB’s link adaption algorithm selects the aggregation level (and potential power boost) for the PDCCH transmission to the URLLC with the scheduling grant. For URLLC transmissions, often the link adaptation for the PDCCH carrying the scheduling is set so e.g. E1=0.001 (0.1%). Also, the common PDCCH transmission with pause-resume signal is subject to errors. It is fair to assume that the decoding error for this signal, E2, is at least as low as E1, or potentially even lower if the DCI size is smaller, given that it carries less information than a full DCI with PUSCH scheduling information. But, eventually, it is a gNB vendor specific implementation choice, how the PDCCH link adaptation (i.e. selection of aggregation level) is conducted, and at which error rates the URLLC scheduling and pause-resume signaling is operated. The probability that the URLLC correctly receives its grant and starts transmitting equals 1-E1. The probability that the eMBB UE pause its transmission while the URLLC UE transmits equals Psuccess=(1-E1)(1-E2). While the probability that the eMBB UE continues transmitting on the colliding resources with the URLLC transmission is Perror=(1-E1)E2. With E1=E2=0.1%, we have Psuccess=0.9980 and Perror=0.000999.
As a further step, let us analyze the impact of this on the overall PUSCH error probability. Let us denote the decoding error probability of URLLC PUSCH (without co-scheduled eMBB) as E3, and assume that URLLC PUSCH fails whenever it collides with eMBB. Then without eMBB, the overall URLLC PUSCH error probability is given by 
P1 = E1 + (1-E1) * E3.

In case of using pause-resume for eMBB, the overall URLLC PUSCH error probability is given by

P2 = E1 + (1-E1) * (E2 + (1-E2) * E3).
Table 1 compares P1 and P2 for a few set of values for E1, E2, and E3. As we can see, 
· If E1, E2 and E3 are all the same (Case 1), we see 50% increase in URLLC PUSCH error probability, which is generally still considered acceptable.
· If E1 and E2 is one order smaller compared to E3 (DL control more reliable than data (Case2), the impact of pause-resume signal decoding error on URLLC PUSCH error is negligible.
· If E1 and E3 are the same, and E2 is one order smaller (Case3), the impact is also negligible.

· If E2 is larger than E1 and E3 (Case4), there is a large impact on the overall performance as the error rate of the pause-resume signal is dominating the URLLC PUSCH decoding performance.
	
	E1
	E2
	E3
	P1
	P2
	Effect

	Case1
	1e-5
	1e-5
	1e-5
	2e-5
	3e-5
	50% increase in error

	Case2
	1e-5
	1e-5
	1e-4
	1.1e-4
	1.2e-4
	Negligible impact

	Case3
	1e-3
	1e-4
	1e-3
	2e-3
	2.1e-3
	Negligible impact

	Case4
	1e-5
	1e-4
	1e-5
	2e-5
	1.2e-4
	Large impact


Table 1 Analysis of the impact of UL PI decoding error on URLLC PUSCH
Based on the analysis, we conclude that potential rare errors on the pause-resume signal are acceptable (or sometimes negligible) as long as the error probability pause-resume signal is as low as (or lower than) the error probability for URLLC UE to decode its scheduling grant. This would be even less of an issue if one (or more) HARQ retransmission is allowed within the latency budget.      
In conclusion, we assess that the proposed Pause-Resume Scheduling mechanism has an attractive Benefits vs. Cost ratio.   
Based on this, we propose a solution that encompass the following:
· Proposal 1: A network-controlled uplink scheduling mechanism allowing to put longer ongoing uplink transmissions on temporary standby (i.e. suspend and resume) should be standardized for NR Rel-16 to enable quickly unleashing uplink transmission resources for latency critical traffic. 
· Proposal 2: The gNB should be able to configure some (e.g. eMBB) UEs with higher-layer signaling  to monitor for uplink preemption indication following the existing Rel-15 framework for search space configuration (including symbol-level monitoring).
· Proposal 3: Use group common DCI to carry UL pre-emption indication. The uplink preemption indication message is at least to include the start time of the PUSCH suspend. The duration of the suspend may be signaled dynamically, or pre-configured via higher-layer signaling.
· Proposal 4: The processing time for UE receiving the uplink preemption indication message until it puts its ongoing (eMBB) transmission on pause shall be less than or equal to corresponding processing time for UE capability 2 for decoding UL scheduling and preparing the corresponding PUSCH transmission (N2). 
· Proposal 5: To reduce the UE complexity for uplink preemption indication monitoring, the PDCCH carrying this information may be configured with a reduced number of candidates (i.e. reduced search space).
· Proposal 6: UEs configured to monitor for uplink preemption indications, may only monitor for such signaling during the time from receiving the UL grant until the end of the PUSCH transmission.
We also observed the following:

· Observation 1: The decoding error probability for the detection of the pause-resume signal message on the PDCCH is controllable by the gNB via setting of the used aggregation level and potential use of power boost (similarly as for PDCCH scheduling grants). The impact of decoding errors of the pause-resume signal on the URLLC PUSCH error probability is acceptable or sometimes negligible as long as its error probability is no larger than the error probability of the URLLC PDCCH.
4
Inter-UE Multiplexing for cases with CG for URLLC
The solution in the previous section is obviously only applicable for cases where the eMBB and ULLRC transmission are scheduled by the gNB. For cases where the URLLC transmissions are grant free using NR configured grant (CG), the gNB doesn’t know in advance when the URLLC UEs will transmit, and therefore doesn’t have the required knowledge to decide when to send the pause indication (suspend) to the eMBB user(s) that have ongoing transmission on colliding resources.

For cases with URLLC CG transmissions, we therefore see the following two options:
1) Option 1: Separate URLLC and eMBB transmissions to happen on non-overlapping resource. E.g. by having certain PRBs used only for URLLC CG transmission, and the remaining PRBs used for scheduled eMBB transmissions.

2) Option 2: Overlapping resources for eMBB and URLLC. That means, eMBB users can be scheduled over the full carrier bandwidth, and URLLC CG transmissions occur on same shared resources.
Option 1 has the advantage of no intra-cell cross-interference between eMBB and URLLC, and hence the reliability of URLLC transmissions is not jeopardized by intra-cell eMBB interference. The disadvantage, however, is that the bandwidth is split between eMBB and URLLC, which results in an undesirable loss of trunking efficiency (e.g. resources reserved for URLLC are left unused [wasted] for occasions with no URLLC transmissions). On the other hand, Option 2 has the advantage of higher bandwidth efficiency as all resources are used but comes at the cost of undesirable intra-cell interference from the eMBB transmissions harming the URLLC reception performance.

· Observation 2: For cases with multiplexing of eMBB and CG URLLC, it is a gNB choice whether to have the two services served on same (overlay) or separate (non-colliding) resources. In case of overlay resources, the performance can to a certain extent be tuned for those cases by usage of differentiated UE power control settings for URLLC and eMBB transmissions (but harmful eMBB interference for URLLC still exists).
· Observation 3: Use of differentiated UL TPC settings for eMBB and URLLC UEs, and differentiated TPC settings for scheduled PUSCH and CG PUSCH within a single UE is supported in Rel-15, and hence is readily available. 
5
System-level performance results

Extensive dynamic system-level simulations have been conducted to assess the performance of UL URLLC and eMBB multiplexing, following the agreed simulation assumptions for Rel-15 enabled use case (urban macro scenarios) and UL inter-UE multiplexing. The main simulation assumptions are captured in the Annex. Here the URLLC traffic is modelled according to the FTP model 3 and assumed to happen as CG (grant-free) on the full carrier bandwidth. The eMBB traffic is modeled as full buffer, scheduled over the full carrier bandwidth. When two eMBB users are present in a cell, both are scheduled over the full system bandwidth using MU-MIMO as 4-Rx gNB antennas are assumed per cell and the UE has only 1-Tx antenna. The setting of the UE transmit power control (TPC) parameters (Po and Alpha) obviously plays an important role. The TPC parameters for the URLLC users are selected with Alpha=1 (full pathloss compensation), while tuning Po to maximize URLLC performance (i.e. maximizing the number of supported URLLC users fulling the latency [1ms] and ultra-reliability [1e-5] requirements). For the eMBB users, both cases with Alpha=1 and Alpha=0.7 (fractional pathloss compensation) are investigated. Figs. 3 and 4 shows the URLLC outage probability for 10 and 300 URLLC UEs per cell, respectively. Note that also cases without eMBB users (labelled eMBB off) are pictured. For the low URLLC load case in Fig. 3 it is observed that the URLLC target is achieved if no eMBB users are present. Also, for the case where one full buffer eMBB user is present with Po=-113 dBm (i.e. 5 dB lower than for the URLLC user) is the URLLC target fulfilled. For the case where Po=-108 dBm for both URLLC and eMBB, the URLLC outage probability increase towards 1e-4 (i.e. violating the requirement). For the cases with two simultaneously served eMBB users per cell, there is an even higher penalty in terms of increased URLLC outage probability. 
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Fig. 3: Outage probability with low URLLC load (10 UEs per cell).
For the high URLLC load case (Fig. 4), the URLLC requirements are nearly fulfilled when there are no eMBB users present. However, when either one or two full buffer eMBB users are included, the interfence from those causes the URLLC outage probability to increase with a factor of 10 to 100, depending on the eMBB users TPC parameter settings. Choosing eMBB TPC parameters to use Alpha=1 (same as URLLC) with Po=-113 dBm (i.e. 10 dB lower than URLLC), or Alpha=0.7 with Po=-78 dBm, results in the “least” impact on the URLLC performance. But, it should be noted that this comes at a cost of more than 3 dB lower experienced post antenna gNB experienced SINR for the eMBB users, and the URLLC users requirement are still not fulfilled.
[image: image4.png]1072

Outage probability
= -
< <

H
)

10°°

llioh URLLC load, Py~
[Ehioh URLLC load, P,

108
103

eMBB off

113

0=1.0,
Py=-108

1eMBB fullfbuffer stream

Py 78

2 eMBB full-buffer streams




Fig. 4: Outage probability with high URLLC load (300 UEs per cell).

Given the presented system-level performance results, we draw the following observations:
· At low URLLC traffic loads (10 users per cell):

· The URLLC target can be achieved with one overlaying eMBB user, if eMBB is operated with 5 dB lower Po value than the URLLC users. The lower Po value for the eMBB user comes at a cost of lower performance for eMBB.

· When two simultaneous MU-MIMO multiplexed eMBB users are present, the URLLC target is no longer achieved (not even when the 5dB lower Po is used for eMBB).

· If URLLC and eMBB uses the same TPC settings, the URLLC outage probability increases with a factor 10 to 100.

·  At high URLLC traffic (300 users per cell):
· The URLLC target is only achieved when no eMBB users are presented.

· In the presence of overlaying eMBB traffic, the URLLC outage probability increases to 1e-4 to 1e-2.

Given these findings, we draw the following conclusions on the performance:
· Having colliding URLLC and eMBB transmission is only feasible for low URLLC loads with at maximum one co-scheduled eMBB user, when using 5 dB lower Po value for eMBB, and accepting the eMBB performance loss from this.
· For higher URLLC loads, or if more than one eMBB user is (MU-MIMO) co-scheduled, the URLLC targets are only achieved when not colliding with eMBB.

· Presented performance results therefore confirm our hypothesis that it is beneficial to avoid eMBB transmission to overlap with URLLC transmissions. Thus, it would be beneficial to also standardize pause-resume (aka uplink suspend) of eMBB transmissions that would otherwise collide with scheduled URLLC transmissions. 
6
Conclusion

This contribution addresses the issue of efficient resource sharing on uplink between URLLC and other applications such as eMBB. We propose the following as a solution for cases where both eMBB and URLLC transmissions are scheduled by the gNB:
· Proposal 1: A network-controlled uplink scheduling mechanism allowing to put longer ongoing uplink transmissions on temporary standby (i.e. suspend and resume) should be standardized for NR Rel-16 to enable quickly unleashing uplink transmission resources for latency critical traffic. 

· Proposal 2: The gNB should be able to configure some (e.g. eMBB) UEs with higher-layer signaling to monitor for uplink preemption indication following the existing Rel-15 framework for search space configuration (including symbol-level monitoring).
· Proposal 3: Use group common DCI to carry UL pre-emption indication. The uplink preemption indication message is at least to include the start time of the PUSCH suspend. The duration of the suspend may be signaled dynamically, or pre-configured via higher-layer signaling.
· Proposal 5: To reduce the UE complexity for uplink preemption indication monitoring, the PDCCH carrying this information may be configured with a reduced number of candidates (i.e. reduced search space).

· Proposal 6: UEs configured to monitor for uplink preemption indications, may only monitor for such signaling during the time from receiving the UL grant until the end of the PUSCH transmission.

We also observed that:

· Observation 1: The decoding error probability for the detection of the pause-resume signal message on the PDCCH is controllable by the gNB via setting of the used aggregation level and potential use of power boost (similarly as for PDCCH scheduling grants). The impact of decoding errors of the pause-resume signal on the URLLC PUSCH error probability is acceptable or sometimes negligible as long as its error probability is no larger than the error probability of the URLLC PDCCH.
For the multiplexing of eMBB and CG URLLC, we have the following observations:

· Observation 2: For cases with multiplexing of eMBB and CG URLLC, it is a gNB choice whether to have the two services served on same (overlay) or separate (non-colliding) resources. In case of overlay resources, the performance can to a certain extent be tuned for those cases by usage of differentiated UE power control settings for URLLC and eMBB transmissions (but harmful eMBB interference for URLLC still exists).
· Observation 3: Use of differentiated UL TPC settings for eMBB and URLLC UEs, and differentiated TPC settings for scheduled PUSCH and CG PUSCH within a single UE is supported in Rel-15, and hence is readily available. 
We further conducted system-level simulations to evaluate the performance of UL URLLC and eMBB multiplexing, and we draw the following conclusions based on the performance results:

· Having colliding URLLC and eMBB transmission is only feasible for low URLLC loads with at maximum one scheduled eMBB user, when using 5 dB lower Po value for eMBB, and accepting the eMBB performance loss from this.

· For higher URLLC loads, or if more than one eMBB user is co-scheduled, the URLLC targets are only achieved when not colliding with eMBB.

· Presented performance results therefore confirm our hypothesis that it is beneficial to avoid eMBB transmission to overlap with URLLC transmissions. Thus, it would be beneficial to also have standardized pause-resume (aka suspend) of eMBB transmissions that would otherwise collide with scheduled URLLC transmissions. 
Appendix

Extensive system level simulations were carried out using multiple parallel drops for collecting URLLC packet transmission samples in uplink. The simulation assumptions are summarized in the table below. 

Table A.1: System-level simulation assumptions
	Parameters
	Value

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	500m

	Carrier frequency
	4 GHz

	Channel model 
	3D Uma

	UE Tx power
	maximum 23dBm

	UE antenna configuration
	1 Tx

	BS antenna configurations
	4 Rx 

	BS antenna height
	25m

	BS receiver noise figure
	5dB

	BS receiver
	MMSE-IRC

	Number of UEs per cell
	URLLC: 10 for low URLLC load, and 300 for high URLLC load

eMBB: 0 (no eMBB interference baseline), 1 (single UE) and 2 (simultaneous MU-MIMO streams)  

	Traffic
	FTP Model 3 with average arrival interval of 100 ms for each URLLC UE, 32 bytes

Full-buffer for eMBB UEs

	Simulation bandwidth 
	10 MHz

	SCS 
	15 kHz

2-symbol mini-slot (0.143 ms short-TTI duration)

	UE distribution
	100% of users are outdoors 

3 km/h for modeling fading channel 

	UE power control
	Open loop power control with full path-loss compensation for URLLC (α=1), and fractional path-loss compensation for eMBB (α=0.7 or α=1)

	Configured grant setting
	MCS QPSK1/8, periodicity 2 symb, 48 RBs for data transmission, control channel and DMRS overhead not considered

	Channel estimation
	Ideal

	UE processing capability
	2


The coupling gain distribution for eMBB and URLLC UEs in the 3D Uma scenario with 500m ISD and 100% outdoor is the following.
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Figure 1. Coupling gain distribution on 3D UMa, 4GHz, 500m ISD, 100% outdoor.

