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1 Introduction

In the previous RAN1 WG meetings, the UL URLLC and eMBB resource allocation in NR design were discussed. In this contribution, we discuss Uplink URLLC and eMBB multiplexing aspects that may have implications on NR physical layer design. In particular, we analyze potential multiplexing issues and solutions based on the agreements made by RAN1 WG at the previous meeting.
Agreements:
	RAN1#86bis

· Consider further the tradeoffs for meeting URLLC requirements for the following:

· Semi-static resource allocation for UL data transmission.

· Dynamic indication of available resource (e.g., by broadcast DCI) for UL data transmission.

· Normal SR-based transmission

· Other solutions are not precluded


There are two types of URLLC deployment scenarios foreseen. The first scenario assumes deployment of URLLC service only. The second deployment scenario may require coexistence of eMBB and URLLC services. In both scenarios, the URLLC service requires ultra-high reliability and low latency that should not be compromised from URLLC KPI perspective. Assuming that latency and reliability requirements are met the URLLC system capacity should be maximized.
In terms of URLLC applications, two types of traffics are foreseen: periodic and sporadic. The periodic traffic is likely to have predetermined parameters, while for the sporadic traffic the packet arrival time and other attributes may not be fully known in advance. In order to handle, these case different solutions can be considered to optimize system performance.
In this contribution, we mainly discuss UL URLLC and eMBB multiplexing and resource allocation options and consider potential issues and solutions to provide support for URLLC and eMBB services on the same carrier, while our views on other URLLC related aspects are provided in our companion contributions [1]-[6].

2 UL URLLC and eMBB Multiplexing
In this section, we discuss mechanisms of UL URLLC and eMBB multiplexing. In general, the UL URLLC and eMBB transmissions can be multiplexed in time (TDM) or frequency (FDM) using the same or different numerologies at the same carrier. The main open question is how to ensure coexistence of UL URLLC and eMBB transmissions by avoiding the mutual impact of URLLC and eMBB services and ensuring that URLLC KPIs are met.
There are two possible multiplexing mechanisms: dynamic and semi-static. In both mechanisms, the FDM or TDM can be used. Therefore it needs to be discussed how the UL URLLC and eMBB transmission conflicts are handled.

2.1 Dynamic UL eMBB and URLLC Multiplexing
The dynamic mechanism of UL eMBB and URLLC multiplexing does not assume any semi-static partitioning of spectrum resources on eMBB or URLLC resources. The gNB can assign resource either for UL eMBB or URLLC transmissions. In general, this mode of operation does not require special considerations for eMBB and URLLC transmissions if both services operate at the same time scale (e.g. utilizing short scheduling transmission periods and TTI duration). The eMBB and URLLC coexistence problem can happen if eMBB and URLLC UL transmissions are scheduled with different timescales and granularity in time on shared resources. In this case, the mechanism to protect UL URLLC from eMBB transmission and vice versa need to be discussed.
There are two problematic cases that need to be addressed:

· Case 1: UL URLLC traffic needs to be served during an ongoing scheduled UL eMBB transmission (e.g. 1 ms transmission duration for UL eMBB transmission).

· Case 2: UL URLLC traffic arrives before the start of the scheduled UL eMBB transmission but the eMBB RTT to update UL eMBB schedule is larger than the URLLC latency budget.

Observation 1
· In case of UL URLLC and eMBB operation at different timescales on shared resources, it needs to be discussed and evaluated how the reliability of UL URLLC transmission can be ensured and what is the impact on URLLC capacity.

· The impact on UL eMBB transmission from UL URLLC can be resolved by gNB, if it is aware about UL URLLC transmission.

· Mechanisms to avoid impact of scheduled UL eMBB transmission on UL URLLC needs further detailed study.

Proposal 1
· Further study impact of scheduled UL eMBB transmission on UL URLLC transmission and mechanisms to preserve UL URLLC reliability.

2.2 Semi-static UL eMBB and URLLC Multiplexing

In case of semi-static partitioning of UL eMBB and URLLC resources, there may be different behaviors in terms of resource utilization for eMBB and URLLC services.

· Option 1. Exclusive (hard) resource partitioning. In this case, eMBB and URLLC resources are assumed to be orthogonal. In general, this option may have negative impact on both UL URLLC and eMBB capacity, depending on traffic situation. On the other hand this solution does not require sophisticated mechanisms to handle mutual impact between UL URLLC and eMBB transmissions.
· Option 2. Non-exclusive (soft) resource partitioning. In this option, UL eMBB and URLLC resources can be used for either eMBB or URLLC transmissions under gNB control.
· Option 2a. eMBB transmission on primary URLLC resources. This option can be beneficial if eMBB service can be provided at the same time scale as URLLC, so that all potential conflicts between UL URLLC and eMBB can be controlled by gNB. This option may increase eMBB capacity, if primary URLLC resources (semi-statically allocated) are underutilized.
· Option 2b. URLLC transmission on primary eMBB resources. This option can be beneficial, if there is no ongoing or scheduled eMBB UL transmission and thus UL eMBB resources can be used for URLLC to increase service reliability or capacity. This option may still bound URLLC capacity, if eMBB resources are overloaded, unless additional pre-emption mechanism are specified for UL transmission.
· Option 3. Combination of exclusive (hard) and non-exclusive (soft) resource partitioning for URLLC and eMBB. In this option, a part of the spectrum resources may be exclusively allocated for URLLC or eMBB services, while part of the resources can be shared between both services. One simple example of such partitioning is dedicated allocation of spectrum resources for URLLC SR or URLLC control transmissions [3], while resources for other URLLC transmissions can be dynamically shared with eMBB.
In our view, option 3 can provide the most flexible resource configuration and can address various NR use cases that may require support of various combinations of URLLC and eMBB services with different loading of eMBB and URLLC traffic.

Proposal 2
· NR supports both the exclusive and non-exclusive semi-static resource partitioning for UL URLLC and eMBB services.

· FFS under which conditions and which channels are exclusively semi-statically allocated for UL URLLC and eMBB transmissions.

3 UL URLLC and eMBB Conflict Resolution
The potential conflict and collision between UL URLLC and UL eMBB transmissions may happen in case of using different timescales for UL eMBB and URLLC, if eMBB and URLLC resources are shared either dynamically or semi-statically between two services. Note that conflicts may be of two types: intra- and inter- UE. The intra-UE conflict between URLLC and eMBB services the problem is relatively easy to resolve, since UE behavior can be predetermined (e.g. drop of eMBB UL transmission, etc). The inter-UE conflict in terms of UL URLLC and eMBB transmission is more challenging and needs to be further analyzed. Eventually, it needs to be studied whether resource allocation scenarios that may have such conflicts may benefit URLLC and eMBB services, and what are the potential options for conflict resolution.
There may be different design options and principles how to reduce mutual impact between UL eMBB and URLLC transmissions. The specific design option may depend on the assumption which node is aware or can detect the potential UL eMBB and URLLC conflict. The following scenarios and their combinations are in general possible:
1) gNB is aware or can detect UL eMBB and URLLC transmission conflict.

2) eMBB UE is aware or can detect the potential conflict with UL URLLC transmission.
3) URLLC UE is aware or can detect the potential conflict with eMBB UL transmission.

3.1 Role of gNB in UL URLLC and eMBB Conflict Resolution
The gNB is always aware about scheduled UL eMBB transmissions and thus can share this information to URLLC UEs in order to handle this situation. The gNB can be also aware about planned URLLC transmissions (e.g. due to pre-scheduling or by processing URLLC control signaling) or it can detect ongoing UL URLLC transmissions. The signaling of information about URLLC resource occupation may impose some delay that may adversely affect grant-free URLLC transmission schemes [3].
In case if conflict is detected by gNB, it may signal to URLLC UEs information about UL eMBB transmissions or available URLLC resources. The URLLC announcement mechanism can be used for that purpose. The gNB may also signal scheduling update command to eMBB UEs, so that eMBB UEs vacate or drop their UL transmission. The latter require eMBB UE to perform RX processing at the URLLC timescale.
3.2 Role of eMBB UE in UL URLLC and eMBB Conflict Resolution

The eMBB UE can detect conflicts with URLLC transmission from gNB signaling or by applying LBT procedure at the pre-allocated URLLC announcement intervals [3]. One of the potential options is that eMBB UE may monitor the URLLC control channel (e.g. URLLC search space in DL or UL) to detect whether there are any UL URLLC transmissions planned.

In case if potential conflict is detected, the eMBB UE can yield and vacate its UL eMBB transmission for certain amount of time (e.g. until it gets the next UL scheduling grant from gNB).

3.3 Role of URLLC UE in UL URLLC and eMBB Conflict Resolution
The URLLC UE can detect the conflict of UL eMBB or URLLC transmission from gNB signaling or by applying LBT procedure. One of the options is that URLLC UE can monitor the eMBB/URLLC control channel search space(s) to detect whether there are any eMBB or URLLC transmissions planned or scheduled.
In case of potential conflict detection, URLLC UE may avoid transmission on occupied eMBB UL resource, if it is feasible in terms of latency and reliability to transmit on non-occupied resource. Alternatively, URLLC UE may pre-empt eMBB UL transmissions by utilizing higher TX power. This approach is similar to super-position in UL. The potential drawback of this option is the boost of inter-cell interference issues and that it may not work for cell-edge URLLC UEs which may be already power limited.
Proposal 3
· Further study benefits of UL eMBB and URLLC conflict detection and resolution mechanisms.

4 Discussion on UL URLLC Announcement

The main idea of URLLC announcement is to inform UEs about either eMBB or URLLC transmissions or available resources. In [3], it was discussed that such signaling can be done by either gNB or URLLC UEs. 

The gNB dynamic signaling can indicate resources non-occupied by eMBB transmission or resources occupied by URLLC or eMBB transmission. It should be noted that such dynamic bandwidth allocation indication can be beneficial to avoid collision with eMBB transmissions that are typically scheduled over longer TTIs. Given that gNB schedules UL eMBB transmission, it is relatively easy to indicate resources non-occupied by eMBB UL transmissions. From URLLC UE perspective, it may be relatively easy to receive such indication and avoid selection of occupied eMBB UL resources. The drawback of this approach is that it may increase the probability of URLLC collision if eMBB transmissions were scheduled and occupied significant portion of bandwidth. Thus additional handling is needed if such situation is possible.

Note that from UL URLLC KPI perspective, the actual behavior should be opposite in a sense that the eMBB UE should not occupy potential URLLC resources and yield UL transmission and clear resources for URLLC UL transmission. In addition, the information about occupied URLLC resources can be beneficial to avoid intra-URLLC collisions. Therefore in order to maximize URLLC performance, eMBB UE should be able to receive at URLLC timescale and drop UL eMBB transmission, if it can detect potential conflict with UL URLLC transmission. The latter may be rather challenging for eMBB UE supporting long timescales only. In addition, given that the time instance of URLLC transmission may not be known in advance, it needs to be analyzed how to detect the UL URLLC transmission during scheduled UL eMBB transmission. As it was discussed in [3] there may be two approaches:

1) Monitoring gNB URLLC announcement. This approach may cause some delay given that gNB should be aware about ongoing UL URLLC transmission, if not scheduled. In paired spectrum, the UE can monitor this announcement on DL carrier which does not require additional RX chain and TX/RX switching in UL. Additional benefit is that gNB based URLLC announcement may reduce the hidden node problem given that larger DL coverage can be achieved. In addition, gNB can provide information about pre-scheduled eMBB UL transmissions, so that URLLC UE can at least avoid selecting resources occupied by other URLLC UEs.

2) Monitoring UE URLLC announcement, at the predefined URLLC announcement time intervals. This approach may reduce access time to URLLC resources comparing to gNB based announcement. On the other hand it may require additional overhead on RX/TX switching and additional RX chain at the UE receiver in case of paired spectrum.
Observation 2
· The gNB based URLLC announcement can be used to indicate scheduled UL eMBB resources in case of long scheduled periods, so that URLLC UE can avoid using those or access if non-occupied.

· The gNB based URLLC announcement can be used to indicate occupied or available UL URLLC resources in case of short scheduled periods, so that URLLC UE can try to avoid using those resources if possible or eMBB UE can drop UL transmission.

· The drop of UL transmission by eMBB UE will require monitoring URLLC announcement with URLLC timescale.

· The UE based URLLC announcement can be used by eMBB UEs to drop ongoing UL transmissions if URLLC announcement is detected or as a contention resolution mechanism by URLLC UEs to avoid collision with URLLC transmissions.

Proposal 4
· Further study different schemes based on dynamic bandwidth indication for UL URLLC transmissions.

· Further analyze possibility to utilize gNB or UE based URLLC announcements to assist in UL URLLC resource selection.

5 Conclusions

In this contribution, we discussed different options for UL URLLC and eMBB multiplexing and implications on physical layer design. Based on the presented analysis, we have the following list of proposals:
Proposal 1
· Further study impact of scheduled UL eMBB transmission on UL URLLC transmission and mechanisms to preserve UL URLLC reliability.
Proposal 2

· NR supports both the exclusive and non-exclusive semi-static resource partitioning for UL URLLC and eMBB services.

· FFS under which conditions and which channels are exclusively semi-statically allocated for UL URLLC and eMBB transmissions.

Proposal 3

· Further study benefits of UL eMBB and URLLC conflict detection and resolution mechanisms.
Proposal 4
· Further study different schemes based on dynamic bandwidth indication for UL URLLC transmissions.

· Further analyze possibility to utilize gNB or UE based URLLC announcements to assist in UL URLLC resource selection.
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