3GPP TSG RAN WG1 Meeting #92

      R1-1802245 
Athens, Greece, February 26th – March 2nd, 2018
Agenda item:
    7.2.4
Source:


Institute for Information Industry (III)
Title:


On eMBB and URLLC Uplink Multiplexing
Document for:
Discussion and Decision

1.
Introduction

The motivation of this contribution is based on the agreements had been made previously.
RAN1#86 Agreements:
· At least the following potential options should be considered

· At least for shorter transmission UL, semi-static resource sharing between URLLC and eMBB

· FDM and/or TDM manner

· UL grant-free transmission for URLLC

· Other schemes are not precluded

· Dynamic resource sharing between URLLC and eMBB

· For DL, mechanisms to schedule a transmission where the resources of it can overlap with resources of ongoing/scheduled longer transmission at least from network perspective

· FFS: A similar or same mechanism applicability to UL

· Preemption or superposition
· Other schemes are not precluded 

· Scheduling based approaches (e.g., by adapting transmission duration or by using different subbands) to allow multiplexing of different durations of transmission

· UL grant-free transmission for URLLC

· Other schemes are not precluded

· Other mechanisms are not precluded
RAN1#86bis Agreements:
· 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
RAN1#88bis Agreements:
· The Scheduling Request-triggered uplink grant-based data transmission design should consider all applicable reliability and latency requirements including URLLC when assessing different design proposals.

· FFS: SR details
· For initial grant-based transmission, retransmissions can be grant-based
In this contribution, we discuss eMBB and URLLC UL multiplexing aspects considering possible collisions under shared resource while eMBB and URLLC data use different timescale for uplink transmission.

2.
Issue Discussion 
The most criticized part of URLLC is overly reserved resource to support sporadic URLLC traffic which is usually unpredictable. And the consequence of resource sharing between URLLC and eMBB is potential collision problem. In order to maximize spectrum efficiency and at the same time to meet latency and reliability requirements of URLLC, this contribution focuses on solutions for contention resolution between eMBB and URLLC during uplink transmission. The contention problems could happen if eMBB using larger duration using grant-based scheduling and URLLC UL transmissions are scheduled with shorter duration, where part of resource during eMBB UL transmission being pre-empted by URLLC transmissions when conflict occurs. For URLLC, grant-based and grant-free transmission should be analysed separately. There are two cases of co-existence scenarios between eMBB and URLLC streams, i.e., intra-UE and inter-UE.
2.1 Intra-UE eMBB and URLLC Co-existence
For intra-UE case where eMBB and URLLC service happens simultaneously within a UE. In the case both eMBB and URLLC are dynamically scheduled by gNB, UE just need to follow instructions from gNB on resource assignment of two streams respectively. The collision issue is resolved by gNB where part of eMBB resource may be dropped and replaced by URLLC traffic. Retransmission of pre-empted part of eMBB data is fully aware of and controlled by gNB.  
While in the case of URLLC UL traffic using grant-free resource and is over-lapped with previously assigned eMBB resource. An indication generated from UE for gNB to recognize pre-empted eMBB UL resource is necessary. Identification of which part of grant-free resource originally scheduled for eMBB data are now replaced by URLLC data can be based on the design of DMRS sequence. That is DMRS sequence generated by different parameter represents different type of data stream UE is intended for uplink transmission.
Proposal 1: For co-existence of URLLC and eMBB under shared grant-free resource for intra-UE, different DMRS sequence can be used for traffic type identification.
2.2 Inter-UE eMBB and URLLC Co-existence
Compared to the intra-UE case, collision handling of inter-UE URLLC and eMBB UL transmission is more intricate, since somewhat distributed coordination between UEs of different traffic types is necessary.

In the case of URLLC grant-free operation. For collision avoidance of URLLC UL traffic using shared resource with other eMBB UEs. URLLC UEs can firstly perform channel sensing before UL resource selection. Nevertheless this scheme creates additional sensing time period which leads to additional latency. In addition, accurate range of occupied resource of eMBB traffic is challenging if relying solely on channel sensing.   

For timely and more precisely identification of the resource occupied by eMBB UEs, URLLC UEs could be allowed to receive and decode eMBB UEs’ UL grant information first and then preclude the resource that has been scheduled for eMBB before selecting its own UL resource for transmission. To make this kind of mechanism feasible, we can resort to group-common control channel, where the time-frequency range of allocated resource for eMBB　is commonly and regularly available at a specific location where both URLLC and eMBB UEs are able to probe into the content. Based on this information, URLLC UEs then calculate and exclude these eMBB occupied resources. 
Proposal 2: Group-common DCI indicating eMBB occupied resource is beneficial for URLLC uplink resource selection to prevent potential collision with eMBB UEs.
Aforementioned contention avoidance scheme doesn’t do any harm to eMBB UEs. However, in some situations, pre-emption for URLLC UEs is necessary due to heavy congestion with eMBB UEs or rarely happened URLLC event occurs suddenly. For grant-based URLLC operation, when uplink traffic arrives, pre-emption notification could be sent by URLLC UE, this pre-emption notification can be carried in the form similar to SR. Once this notification is detected by serving gNB, the originally scheduled DL or UL operation for eMBB UEs is suspended in order to protect URLLC UL data received at gNB and possibly avoid cross-link interference between eMBB and URLLC UEs. 
Pre-emption signal can be generated by gNB in terms of UL pre-emption indication to instantly blocking eMBB UEs’ transmission on part of already scheduled resource. Therefore for eMBB UEs being scheduled using the shared resource with URLLC UEs must be aware of this situation and need to monitor possible pre-emption indication based on URLLC’s scheduling scale. Different to the pre-emption in DL case where indication can be received after URLLC event happened. For UL pre-emption, UL pre-emption indication have to be pre-indicated and received eMBB UEs before URLLC uplink transmission. It is inevitable that such signal exchange between gNB and UE takes time and causes extra delay. In fact, this extra latency is intrinsically inherited from the grant-based scheme and it is only suitable for URLLC applications with more delay tolerant.          
If we want to pursuit instant pre-emption indication, especially for grant-free case where no SR transmission is available, pre-emption signal can be send directly at URLLC UE and is aimed to be received at eMBB UEs. Upon eMBB UE receives pre-emption signal, it may refrain from UL transmission for ULRLLC data protection. However, this scheme however rely on direct link between eMBB and URLLC UEs and hence additional signalling design is necessary. Due to uplink timing mismatch between URLLC and eMBB UEs, there could be an ambiguity on the exact location of collided resource at both end and hence the actually pre-empted resource received at gNB. In addition, how to perform power control of this UE initiated pre-emption signal considering reachability and also possible induced interference should be further analysed.     
Proposal 3: UL pre-emption indication prior to URLLC uplink transmission should be adopted for URLLC UL data protection.
3. Conclusion
In summary, in the contribution, the following proposals are provided. 
Proposal 1: For co-existence of URLLC and eMBB under shared grant-free resource for intra-UE, different DMRS sequence can be used for traffic type identification.
Proposal 2: Group-common DCI indicating eMBB occupied resource is beneficial for URLLC uplink resource selection to prevent potential collision with eMBB UEs.
Proposal 3: UL pre-emption indication prior to URLLC uplink transmission should be adopted for URLLC UL data protection. 
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