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1 Introduction

The following UL cancellation schemes were discussed and agreed in RAN1 AH 1901 [1] to be captured in TR as potential options:

UE UL cancelation mechanism is considered as one potential enhancement for UL inter-UE Tx prioritization/multiplexing. Either PDCCH or sequence can be considered as potential options for the UL cancelation indication. If PDCCH is used, either group common DCI or UE-specific DCI can be considered as potential options. If sequence is used, either group common sequence or UE-specific sequence can be considered. The monitoring periodicity for the UL cancelation indication should be configurable by the gNB and UE supporting UL cancelation indication should be able to support more than one monitoring occasions for the UL cancelation indication in a slot. If PDCCH is used, whether the UE PDCCH monitoring capability (number of CCEs/BDs per slot) should be increased is to be further investigated. The UE processing time for UL cancelation indication should be equal or shorter than N2 defined in Rel-15 UE capability#2. Upon detecting an UL cancelation indication, UE cancels the corresponding UL transmission. The corresponding UL transmission may include an on-going UL transmission, or an UL transmission that has not been started. After cancelation, the UE may resume the transmission afterwards as one option, or may not resume the transmission afterwards as another option.
Furthermore, the following was also agreed in RAN1 AH 1901 [1] as potential power control enhancement schemes and captured in TR:

Enhanced UL power control is considered as one potential enhancement for UL inter-UE Tx prioritization/multiplexing. The potential enhanced UL power control may include UE determining the power control parameter set (e.g. P0, alpha) based on scheduling DCI indication without using SRI, or based on group-common DCI indication. Increased TPC range compared to Rel-15 may also be considered. Power boosting is not applicable to power limited UEs.

The following agreement was reached in RAN1 95 [2] for evaluation of candidate solutions for UL inter-UE multiplexing

· Use cases

· At least Rel-15 enabled use cases should be assumed for evaluation

· 1ms air interface delay for 32bytes should be evaluated as the baseline.

· Others assumptions (e.g. 1 or 4ms for 200bytes) should be considered, if provided. 

· Evaluation of power distribution should be considered, if provided

· 2ms air interface delay is assumed

	Use case
(Clause #)
	Reliability (%)
	Latency (ms)
	Data packet size  and traffic model
	Description 

	Power distribution

(22.804:5.6.4 &5.6.6)
	99.9999
	5(end to end latency)
Note: 2-3 ms air interface latency 
	DL & UL:

100 bytes 
ftp model 3 with arrival interval 100 ms
	Power distribution grid fault and outage management 

	Rel-15 enabled use case (e.g. AR/VR)  
	99.999 
	1ms (air interface delay) for 32 bytes

1 ms and 4 ms (air interface delay) for 200 bytes 
	DL & UL:

32 and 200 bytes 
FTP model 3 or periodic with different arrival rates
	


· Traffic model

· eMBB: company can select between the following options

· Full buffer, 2 eMBB UEs per cell

· FTP model 3, 10 eMBB UEs per cell, with medium to high cell load for eMBB traffic.  

· URLLC: 

· For Rel-15 enabled use cases: 10 URLLC UEs per cell
· For power distribution : 10 URLLC UEs per cell

· Metrics

· eMBB: Cell throughput for full buffer traffic; UE perceived throughput for FTP model 3 traffic. 

· URLLC: 

· Company shall report whether maximum URLLC capacity has been reached

· URLLC metrics as previous agreement

· Option 1: Percentage of users satisfying reliability and latency requirements

· Option 2: URLLC capacity as defined in TR 38.802 with the modification as below:

	-
URLLC capacity and URLLC / eMBB multiplexing capacity

-
Definition: URLLC system capacity is calculated as follows:
-
C(L, R) is the maximum offered cell load under which Y% of URLLC UEs in a cell operate with target link reliability R under L latency bound

-
X = (100 – Y) % is the percentage of UEs in outage

-
A UE in outage is defined as the UE can not meet both latency L and link reliability R bound

-
Companies report their assumption on X (e.g. 5% or 0%) 
- 
Companies report their assumption on the number of eMBB UEs deployed together with the URLLC UEs


· Rel-15 processing timeline capability #2 is used for URLLC UEs 

· The following shall be reported

· Resource utilization 

· Number of packets generated per URLLC user in the simulation

· Coupling loss CDFs of URLLC and eMBB UEs 
· Percentage of UEs in outage

· ~5% if re-dropping is not used

· 0% if re-dropping is used

· Company can optionally report

· PDCCH overhead, for example the number of cancelation indications in the simulation. 

· Detailed modelling shall be described, including at least the following

· For UL cancelation indication: UE monitoring periodicity, processing timeline, cancelation with or without resuming

· For power control: exact power control scheme, e.g. semi-static or dynamic power control with details

· Retransmission modelling”
In this contribution, we present our views on UL inter-UE multiplexing. This tdoc is a revision of R1-1901418.
2 Inter-UE Multiplexing

In this section, mechanisms of UL multiplexing for different UEs with possibly different latency and reliability requirements in a cell are discussed. In general, the UL transmissions can be multiplexed in time or frequency using the same or different numerologies at the same carrier. 
Considering the nature of URLLC services and the fact that they span a continuum of requirements on latency and reliability, it is imperative that any solutions developed for efficient inter-UE multiplexing considers multiplexing not only based on service types (eMBB vs. URLLC), but can also support efficient multiplexing and prioritization (as necessary) amongst URLLC services with different latency and reliability requirements. For instance, considering one of the prioritized use cases of factory automation, one can see that the reliability and latency (and throughput) requirements for sensors can be quite different from those for actuators or those for fusion nodes/aggregators or cameras, etc. They may all require either latency or reliability performance that are more demanding than eMBB, but amongst themselves there can be significant differences as well. Thus, it is important to consider solutions as well as their feasibility in the more general context of UL multiplexing of UEs with different QoS requirements and capabilities.

 Proposal 1

· Mechanisms for UL inter-UE multiplexing should not be limited to cater to only multiplexing of different service types (eMBB vs. URLLC), but consider the general problem of multiplexing services with different QoS requirements.

In light of Proposal 1, consideration of multiplexing between eMBB and URLLC traffic can be seen as an example use case between two extremes of the continuum of QoS requirements. This example can be quite handy for ease of exposition of the ideas during RAN1 studies. 

Accordingly, in the following, we use the example use case of multiplexing between eMBB and URLLC to elucidate our views on various considerations, but the considered approaches should not be construed as being limited to multiplexing between these two service types.
2.1 Power Control

RAN1 agreed to further study power boosting mechanisms for URLLC UEs. One application conceived so far to protect UL URLLC from eMBB is to use higher transmission power for UL URLLC transmission by configuring different power control parameters. Obviously, such operation is subject to potential power limitation. 

The higher power for URLLC UE could be achieved by at least the following already specified mechanisms:

· Service-specific P0 and alpha settings. Current UL power control framework supports different P0 and alpha settings with dynamic switching between them by SRI indication in DCI, if multiple SRS resources configured. Moreover, the OLPC settings are configured separately for configured grant operation which is assumed as a typical mode of operation for latency critical UL services.

· UE-specific P0 settings. If UE operates with one service at a time, the P0 difference may be achieved by setting UE-specific offset currently supported in NR.

· Dynamic TPC command adjustment. A limited transmit power control adjustment may also be achieved by dynamic TPC commands. However, this mechanism is more suitable to track channel variations rather to emulate different target received power for different services.

As it can be seen, current NR power control framework supports quite a few options for change of open-loop parameters. Power control is also compared with cancellations options in system level evaluation section 3 below.
2.2 UL Interruption and Continuation Indication

When transmission duration of eMBB traffic is much longer than URLLC traffic and both may be assigned resources in a common bandwidth part or in a carrier, another alternative is to exploit transmitting an indication to the eMBB UEs so that eMBB UEs cancel transmission in the overlapping area. Two general types of such indication are considered: UL interruption/cancellation indication (U-INT) and UL continuation indication (U-CON). 
UL Interruption/cancellation indication

This mechanism was discussed during the first phase of NR work item but was not agreed to be supported in R15. In short, an eMBB UE (or in general, a UE whose transmission may be deprioritized against another with stricter requirements) may receive one or more indication following reception of UL grant so that the UE may cancel part or all of the remaining transmission. In Figure 1, an example is shown where UE is monitoring interruption indication and once detected, UE cancels remaining transmission. 
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Figure 1. UL interruption indication.

UL rescheduling indication

A special case of UL cancellation indication is UL rescheduling indication. Instead of receiving the indication in a potentially different DCI, the UE may receive a subsequent UL grant for the same HARQ process that was scheduled by the original UL grant and UE may follow the resource allocation indicated by the new grant and drop/cancel the transmission scheduled by the original grant. This approach basically ‘shifts’ the PUSCH resource allocation, e.g,, to a later time, or alternatively updates the UL grant with a new resource allocation. The subsequent grant is performing both the operation of cancellation of transmission and scheduling a transmission.

UL Continuation indication

Continuation indication (U-CON) approach is very similar to the interruption one but delivers to UEs information that the scheduled transmission must or must not be continued as planned (see illustration in Figure 2). This approach may be viewed as a part of dynamic scheduling, but without full-blown DCI used to schedule every part of PUSCH. The main advantage of such indication is that in case of missed detection it cannot lead to URLLC service degradation, while missing interruption indication may lead to strong interference to URLLC transmissions. Comparing to U-INT, U-CON typically consumes more monitoring occasions but smaller resources for each indication since it should not be delivered with ultra-reliability. Continuation indication transport options are identical to the ones listed for U-INT, i.e. it can either be based on DL PI format, or other group-common or UE-specific indication.
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Figure 2. UL continuation indication.
Few salient features and aspects related to the operation of UL cancellation/interruption/continuation indication are discussed below:

· UE complexity for monitoring and processing timeline of interruption indication: Different from DL, the UL interruption indication (U-INT) monitoring time scale should be typically much lower than a slot for small SCS (15, 30 kHz) and be comparable to a slot for large SCS (60, 120 kHz). Moreover, the indication should be processed with small latency and passed to both baseband and RF chains for interruption. It may also depend on DCI format configuration, number of candidates or aggregation level to be checked etc. It needs further study on the feasible minimum application times for such processing of interruption or cancelation indication for UEs with different capabilities. Whether all or certain UEs can support sufficiently short application times, and how they compare against the N2 values (per Capability #1 or #2) they support needs careful studies. For example, application time after detection of SFI in GC DCI is considered to be N2. However, for a UE supporting only Capability #1 based N2, there may not be much benefit with dynamic indication of interruption/cancelation of UL transmission due to significantly long application time. Further, due to potentially very frequent PDCCH monitoring, power consumption may increase significantly as well. 
· PDCCH or Sequence based PI transmission: As a given URLLC transmission may impact a number of eMBB UEs, it needs careful consideration how and whether sequence based transmission can be efficient for PI transmission. For example, UE specific sequence transmission may be quite inefficient depending on how many eMBB UEs are impacted and associated resource overhead, and whether sequence transmission can be efficiently multiplexed with other existing Rel 15 channels/signals. If group-common information is sent in a sequence with one bit of information (such as drop transmission), it may adversely affect a lot of eMBB transmission which might not have been impacted. Hence, more accurate pre-emption information (i.e., more bits) needs to be signalled for system efficiency and protecting eMBB throughput. On the other hand, it is well understood that sequence detection performance degrades when UE has to try many sequences due to increased payload mapped to a sequence. In view of these facts, we believe sequence based PI transmission is not a favourable solution and certainly from specification perspective, introduction of a new channel is not well motivated for this scenario. PDCCH is a more versatile solution, naturally suited for increased payload transmission and multiplexing with existing Rel 15 signals/channels. Furthermore, introduction of new channel would also cause coexistence issues with legacy Rel 15 UEs in same carrier.
· UE specific or group-specific PDCCH signalling:  Unlike DL, UL transmission may not be made over a large BW due to power limitation, and a large number of eMBB UEs may not be impacted by a single URLLC transmission. Moreover, due to the need for frequent monitoring, there is a chance some UEs getting false alarm to cancel transmission if group-common signaling is used. This can be mitigated by increasing time-frequency granularity, however this may increase payload. On the contrary, UE specific signaling may be considered so that only impacted UEs are signalled. It can be further studied what content or format, such as compact DCI or similar payload as an UL grant can be considered for UE specific interruption indication. Furthermore, depending on UE capability, monitoring occasions and periodicity can be better controlled in case of UE specific signaling. If UL cancellation indication is transmitted in the form of rescheduling indication, it would be UE specific indication.
· Indication Overhead: UL cancellation indications are triggered based on URLLC traffic scheduling. Hence, we can adopt some simplified assumptions as follows to obtain UL cancellation indication overhead analytically:

· N URLLC UEs in cell. If packet arrival rate λ  for all UEs is the same, then we have Nλ  packets arriving/sec

· One URLLC packet scheduled at a given time, for a given duration (say 2/4OS), and URLLC packets are scheduled in TDM fashion

· UL cancellation indication scope in time is the same as URLLC scheduling duration, i.e., one URLLC packet scheduling also triggers one cancellation indication.

· One cancellation indication transmitted from gNB at a given time

Based on these assumptions, we obtain Nλ UL cancellation transmission/sec, and correspondingly one can calculate overhead for a given time duration and specified AL.

· Protection of grant-free transmissions: Interruption indication was mainly assumed for the cases of dynamic grant based scheduling when gNB schedules both eMBB and URLLC services and may generate the appropriate U-INT when the need for URLLC traffic is identified. However, UL transmission with configured grant is assumed to be performed without any scheduling request and therefore would interfere with eMBB if network configures shared resources for both grant-based and grant-free traffic. Although dynamic cancellation indication may not be able to prevent collision with initial grant-free transmission, however, one or more of grant-free re-transmissions can be protected by UL cancellation indication sent to eMBB UEs. Alternatively, some existing power control enhancements can be applicable for URLLC transmissions based on configured grant. UEs transmitting based on type 1 or 2 configured grant may receive TPC command via DCI format 2_2 any time after RRC configuration/DCI activation or could receive re-transmission grant following one or more previous repetitions so that more dynamic power adjustment and time-frequency resource allocation is possible. One requirement would be to configure short monitoring periodicity for the DCIs so that power adjustment can be done on time. UEs transmitting based on type 2 configured grant can even receive a re-activation DCI which can update time-frequency resource allocation, before UE starts to transmit, should there be any need to avoid overlap with other transmission. Hence, network could configure a group of URLLC UEs with type 2 configured grant, if their transmissions can be made in a resource where overlapping transmission may occur. Alternatively, network could always apply resource reservation to protect UL transmission based on configured grant, at least for initial transmission, from collision or overlap with other transmission. Indication of overlapping resource to URLLC UEs may not be necessary.
· Reliability of U-INT: UE UL cancelation detection should be ultra-reliable and provide ~1e-5 detection error in order to be able to release spectrum for the service which requires 1e-5 error rate. It needs further study how UE specific and group-specific designs compare in terms of reliability. For example, UE specific compact DCI, higher aggregation levels, etc., can be further studied for cancellation of UL transmission.
· Monitoring U-INT in a PDCCH: In case the UL cancelation indication is based on PDCCH transmission, realization of such indication as well as the associated application time, depend on DCI format configuration, number of candidates or aggregation level to be monitored, UE PDCCH monitoring capability, etc. Depending on UE capability, monitoring occasions and periodicity of such indication may be controlled (e.g., with UE specific signalling), by defining the UE behaviour for the UE to monitor the interruption indication following detection of UL grant. Such UE behaviors, as well as how to configure the monitoring occasions, how many occasions etc., need further investigation.

Furthermore, if such UL cancelation indication is performed by PDCCH transmission, as discussed above, certain constraints will be imposed by the UE PDCCH monitoring capability per slot/half-slot, etc., due to potentially very frequent PDCCH monitoring imposed by such indication. On the other hand, such frequent monitoring increases the UE power consumption, as well as the probability of false alarm to cancel the transmission mistakenly (e.g., if indication is based on common-signalling). While the latter can be mitigated by increasing time-frequency granularity, however such approach may increase payload. Such aspects, e.g., the UE power consumption, the imposed overhead as shown above, etc., should be carefully studied to achieve an integrated design.
· Dropping part or all of remaining transmission: Different UE behaviors and their associated complexities should be considered further. For example, whether, following detection of interruption indication, UE drops the remaining portion of transmission or only a part of it. In some cases, if the TB is large and only a small portion of it overlaps with an assignment of URLLC traffic, UE may then just drop the impacted portion and one or more CBGs of the TB may still be received correctly. However, such an approach may incur significant complexity to UE implementation and thus, needs a commensurate level of motivation to be considered further. In our view, dropping the impacted transmission can be at least supported in Rel. 16.
· Use of U-INT for interrupting other UL channels, such as PUCCH, SRS, PRACH. If U-INT can be used for different kinds of UL channels other than data, it may increase the UE complexity and power consumption significantly, and UE may need to monitor quite frequently, almost always with mini-slot level periodicity. Network may control overlap of data/control of URLLC transmission with PUCCH, SRS, PRACH of eMBB UEs by implementation and avoid dynamic resource sharing by indication for such purpose. However, if such scheduling-based solution is not always possible, a signaling framework that may commonly apply to different UL transmissions, including grant-based PUSCH, CG PUSCH, PUCCH, SRS, and PRACH would be desirable.
· Implicit and explicit indication: The straightforward way is to indicate the interruption indication in a DCI format explicitly. On the other hand, some alternative implicit indication can be considered such as using one of the scheduling DCIs with some modifications either in content or in terms of some additional monitoring from the UE. Having said that, it may not be possible for implicit indication to consider fine time-frequency granularity for interruption indication, and thus, it is likely that implicit indication may need to be UE-specific.    

Proposal 2
· NR supports monitoring at least one L1 indication for modifying a scheduled UL transmission.

· UE only monitors for the L1 indication subsequent to receiving an UL grant

· The L1 indication is transmitted on a UE specific PDCCH

· Following the L1 indication, UE drops the impacted transmission without resuming.

· FFS: Support of L1 indication to modify other UL transmissions, such as PUCCH, SRS, PRACH.
3 System-Level Evaluations

In this section, system-level evaluation of UL inter-UE multiplexing is presented. The following key assumptions are made for this study:

· Scenarios:
· Rel.15 enabled use case in Indoor Hotspot area
· Rel.15 enabled use case in Urban Macro
· 2 eMBB UEs and 10 URLLC UEs per base station in average

· Traffic model

· Full buffer for eMBB

· For URLLC: FTP 3 with 32 byte file size and 1 ms delay budget, reliability target of 1e-4 (for evaluation purpose)
· System bandwidth
· InH: 20 MHz with 30 kHz SCS
· UMa: 40 MHz with 30 kHz SCS

Based on these key assumptions and other assumption listed in Table 1 in the Appendix, the following cases are simulated:

1) URLLC only or eMBB only

2) URLLC and eMBB are scheduled based on fine timescale in orthogonal manner (7 symbol mini-slots)

3) eMBB is scheduled on slot-basis while URLLC is scheduled per 7-symbols

a. eMBB and URLLC transmissions can overlap (collision)

i. Both have same power setting
ii. With URLLC power setting higher by 4 or 8 dB

b. Drop part of eMBB overlapped with URLLC (pre-emption indication (PI))

i. TB-based retransmission
ii. CBG-based retransmission
Note that URLLC performance is the same for the cases of dynamic scheduling or PI, because URLLC transmission is prioritized and scheduled without overlapping (cf. No Overlap in legend for URLLC performance) with eMBB transmission. UL cancellation indication reception and timing is assumed to be ideal, i.e. no overlap or waiting for cancellation happens for both initial transmission and retransmission.

The evaluation results are presented in Figure 3 and Figure 4. The geometry (useful base station pathgain) is also presented in the Appendix section.
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Figure 3. URLLC capacity and RU, eMBB throughput for Rel.15 InH.

We summarize observations for URLLC and eMBB performance below for InH scenario.
Observation 1
· From URLLC performance perspective, in InH scenario

· In case of dynamic scheduling, URLLC capacity is worse than in URLLC-only scenario and is limited by inter-cell interference from full-buffer eMBB transmissions

· Overlapped transmissions with same power control setting drops URLLC performance significantly and URLLC capacity cannot be achieved

· Moderate power boosting (4 dB) restores URLLC capacity to similar level as non-overlapped scheduling.
· High power boosting (8 dB) results in URLLC capacity similar to URLLC-only scenario by overcoming inter-cell interference limitation from full buffer eMBB transmissions

· From eMBB performance perspective, in InH scenario

· Usage of UL cancellation indication together with TB-based retransmissions provides worst performance among the considered schemes due to resource wastage when only a part of a TB was cancelled

· Usage of UL cancellation indication together with CBG-based retransmissions provides performance comparable / better than dynamic scheduling with same timescale

· Overlapped transmissions with same power control setting leads to eMBB performance comparable to dynamic scheduling and UL cancellation

· Power boosting of URLLC degrades eMBB performance down to the case of cancellation with TB-based retransmissions

Next, we consider UMa scenario and show result for URLLC capacity and eMBB throughput in Figure 4, and collect observations in Observation 4.
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	Figure 4. URLLC capacity and eMBB throughput for Rel.15 UMa.


Observation 2
· From URLLC performance perspective, in UMa scenario

· In case of dynamic scheduling, URLLC capacity is worse than in URLLC-only scenario and is limited by inter-cell interference from full-buffer eMBB transmissions

· Overlapped transmissions with same power control setting and even with power boosting degrades URLLC performance significantly due to significant power limitation in UMa compared to InH
· High power boosting (8 dB) only slightly improves URLLC capacity and but still quite inferior to orthogonal URLLC transmission in URLLC-only and No overlap cases.

· From eMBB performance perspective, in UMa scenario

· Usage of UL cancellation indication together with TB-based retransmissions provides worst performance among the considered schemes due to resource wastage when only a part of a TB was cancelled

· Dynamic scheduling with same time scale as URLLC provides better performance compared to both PI-based and overlapped transmission.

· CBG-based retransmissions provide performance better than overlapped transmission with URLLC power boosting and TB-based retransmission, and comparable performance to overlapped transmission with same power setting.
· Overlapped transmissions leads to eMBB performance improvement compared to PI with TB-based retransmission. 
Based on results for both InH and UMa scenarios, we have the following observations:
Observation 3
· Dynamic scheduling with same time scale and PI scheme with CBG-based retransmission may provide better URLLC/eMBB performance trade-off.

· This observation is valid for full-buffer eMBB traffic model only.

4 Conclusions

In this contribution, considerations on techniques for dynamic UL multiplexing of different services is presented. Based on the discussion and analysis, we have the following observations and proposals:

Proposal 1

· Mechanisms for UL inter-UE multiplexing should not be limited to cater to only multiplexing of different service types (eMBB vs. URLLC), but consider the general problem of multiplexing services with different QoS requirements.

Proposal 2

· NR supports monitoring at least one L1 indication for modifying a scheduled UL transmission.

· UE only monitors for the L1 indication subsequent to receiving an UL grant

· The L1 indication is transmitted on a UE specific PDCCH

· Following the L1 indication, UE drops the impacted transmission without resuming.

· FFS: Support of L1 indication to modify other UL transmissions, such as PUCCH, SRS, PRACH.

Observation 1
· From URLLC performance perspective, in InH scenario

· In case of dynamic scheduling, URLLC capacity is worse than in URLLC-only scenario and is limited by inter-cell interference from full-buffer eMBB transmissions

· Overlapped transmissions with same power control setting drops URLLC performance significantly and URLLC capacity cannot be achieved

· Moderate power boosting (4 dB) restores URLLC capacity to similar level as non-overlapped scheduling.

· High power boosting (8 dB) results in URLLC capacity similar to URLLC-only scenario by overcoming inter-cell interference limitation from full buffer eMBB transmissions

· From eMBB performance perspective, in InH scenario

· Usage of UL cancellation indication together with TB-based retransmissions provides worst performance among the considered schemes due to resource wastage when only a part of a TB was cancelled

· Usage of UL cancellation indication together with CBG-based retransmissions provides performance comparable / better than dynamic scheduling with same timescale

· Overlapped transmissions with same power control setting leads to eMBB performance comparable to dynamic scheduling and UL cancellation

· Power boosting of URLLC degrades eMBB performance down to the case of cancellation with TB-based retransmissions

Observation 2
· From URLLC performance perspective, in UMa scenario

· In case of dynamic scheduling, URLLC capacity is worse than in URLLC-only scenario and is limited by inter-cell interference from full-buffer eMBB transmissions

· Overlapped transmissions with same power control setting and even with power boosting degrades URLLC performance significantly due to significant power limitation in UMa compared to InH

· High power boosting (8 dB) only slightly improves URLLC capacity and but still quite inferior to orthogonal URLLC transmission in URLLC-only and No overlap cases.

· From eMBB performance perspective, in UMa scenario

· Usage of UL cancellation indication together with TB-based retransmissions provides worst performance among the considered schemes due to resource wastage when only a part of a TB was cancelled

· Dynamic scheduling with same time scale as URLLC provides better performance compared to both PI-based and overlapped transmission.

· CBG-based retransmissions provide performance better than overlapped transmission with URLLC power boosting and TB-based retransmission, and comparable performance to overlapped transmission with same power setting.

· Overlapped transmissions leads to eMBB performance improvement compared to PI with TB-based retransmission. 

Observation 3

· Dynamic scheduling with same time scale and PI scheme with CBG-based retransmission may provide better URLLC/eMBB performance trade-off.

· This observation is valid for full-buffer eMBB traffic model only.
References

[1] RAN1 AH 1901 Chairman Notes, Taipei, Taiwan, January 21st – January 25th, 2019 

[2] RAN1 95 Chairman Notes, Spokane, USA, November 12th-16th, 2018

Appendix – System Level Evaluation Assumptions

Table 1 System-level evaluation assumptions. Additional or different from ones listed in TR 38.824.
	Parameters
	Value

	BS antenna configurations
	4 Rx

	UE antenna configuration
	1 Tx

	Number of UEs per cell
	10 URLLC + 2 eMBB in average

	Simulation bandwidth 
	InH: 20 MHz

UMa: 40 MHz

	SCS 
	30 kHz

	Resource granularity
	7 symbols (1 DMRS)

	Link adaptation
	URLLC: fixed lowest MCS

eMBB: link adaptation with outer-loop

	Power control
	URLLC: P0 to achieve target SNR = 20 dB, alpha = 0.8. Power boost of 0, 4, 8 dB depending on scheme.
eMBB: P0 to achieve target SNR = 20 dB, alpha = 0.8

	Scheduler
	Random for eMBB, FIFO for URLLC

URLLC prioritized over eMBB
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