[bookmark: _GoBack]TSG-RAN WG1 Meeting#95		 								     R1-1812157
Spokane, USA, November 12th – 16th, 2018

Source:	Ericsson 
[bookmark: Title]Title:	Intra-UE Prioritization and Multiplexing of  UL Transmissions

[bookmark: Source]Agenda Item:	7.2.6.1.5
Document for:	Discussion and Decision

Introduction
NR design aims to support different types of services with various latency and reliability requirements. This contribution aims to enhance already existing mechanisms in Rel-15 for enabling services with delay critical UL traffic. A useful feature to enable this operation is intra-UE pre-emption which was extensively discussed during Rel-15 in the context of URLLC discussions.
In RAN plenary meeting#80, a SID on NR industrial IoT was approved to investigate enhancements to URLLC (Ultra Reliable Low Latency Communications), considering both FR1 and FR2 as well as TDD and FDD, with the already existing solutions for NR as the baseline [1]. One of the focus areas to study was listed as UL/DL intra-UE prioritization/multiplexing. Although UL intra UE Tx prioritization and multiplexing is led by RAN2, there are enhancements that can be achieved from physical layer perspective. Indeed, how to handle UL multiplexing of transmissions with different reliability requirements was extensively discussed during Rel-15 in the context of URLLC.  One outcome of the discussions is the following proposal captured in [2]:
· For a UE supporting URLLC, if the UE receives a dynamic grant scheduling PUSCH overlapping in time with another PUSCH scheduled by an earlier received grant, the UE follows the later received grant and the previously scheduled PUSCH is dropped.

In this contribution we discuss our view on a feasible solution for enabling UL pre-emption by a UE for UL transmissions granted by gNB.
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NR should support different types of services having different latency requirements and/ priorities (e.g. URLLC and eMBB services). This is achieved by supporting different transmission durations, i.e., from a fraction of a slot to multiple slots. Multiplexing of data with different priorities can have two possibilities which are described below:
1) Semi-static multiplexing of different transmission durations: In this mode of operation different transmission durations operate on different frequency allocations. The data with different latency requirements can then be transmitted on different time scales such as on slot level or mini-slot level. The data with different priorities may also be transmitted on the same time scale, i.e., with mini-slots or with slots. Furthermore, the dedicated bands can be semi-statically configured and do not need any special considerations from RAN1 perspective. However, in case of sporadic, high-priority, traffic, this option is not very resource efficient and leads to low spectral efficiency.  

2) Dynamic multiplexing of different transmission durations: The second scenario is to allow dynamic multiplexing of different transmission durations within the same time and/or frequency resources. This can be implemented in the so-called co-existence region or over the entire time-frequency grid. The advantage associated with dynamic multiplexing is better resource sharing and utilization among data traffic with different latency requirements and/or priorities. The objective requires considerations to allow an on-going or pre-scheduled transmission to partially or completely be replaced by another transmission, especially in case of sudden arrival of delay critical traffics.

Rel-15 NR already supports mechanisms enabling semi-static multiplexing of traffics with different priorities. Dynamic multiplexing is a useful feature for NR operation for delay critical services, especially with sporadic traffic. A useful feature to enable this operation is UL pre-emption which was extensively discussed during Rel-15 specification.
In the intra-UE UL pre-emption scenario, the same UE has UL traffic with different latency requirements to transmit. Consider the case when this UE is already scheduled for UL transmission. Upon sudden arrival of a delay critical traffic, the gNB intends to serve the traffic as soon as possible. The result of scheduling decision considering the delay constraint, can be that the earliest feasible time for UL transmission is going to overlap with already planned UL transmission for that UE. In this case, not only it is important (1) to inform the UE about the change of grant as soon as possible, but also for the feature to be functional, it is essential (2) to provide the UE with enough time such that the UE would be capable of revising the UL transmission based on the updated grant. This aspect was extensively discussed during the Rel-15 to establish feasible functionality for enabling multiplexing UCI in UL transmissions when PUCCH/PUSCH resources would overlap.
From our perspective, to enable intra-UE uplink pre-emption for granted UL transmissions the following steps need to be considered:
· By frequent PDCCH monitoring, the UE can be informed as quickly as possible with a UL grant that high priority traffic is to be served immediately. 
· This can be achieved by proper configuration of PDCCH monitoring.
· Upon receiving such a grant, the UE can determine whether the newly scheduled PUSCH overlaps with an already scheduled PUSCH. 
· Note that the scenario where PUSCH overlapps with PUCCH is already addressed and supported in Rel-15.
· In case of overlapping, a simple approach for the UE is to cancel the previous transmission and to start the new PUSCH transmission based on the new grant.
· The above is feasible if the UE is provided with sufficient time for such operations.
· 
Reusing Rel-15 established framework, this operation should be feasible if S0 the earliest symbol of the overlapping PUSCHs is not before a symbol with CP starting after  after a last symbol of the PDCCHs scheduling the PUSCHs (as specified in Section 9.2.5 of TS 38.213).

Based on the above discussion, we propose the following for enabling intra-UE pre-emption for granted UL transmissions:

[bookmark: _Toc528977179]If the UE receives a dynamic grant scheduling PUSCH, which overlaps in time with another PUSCH scheduled by an earlier received dynamic grant, the UE follows the later received grant and drops the previously scheduled PUSCH, if  S0  the earliest symbol of the overlapping PUSCHs is not before a symbol with CP starting   after a last symbol of the PDCCHs scheduling the PUSCHs (as specified in Section 9.2.5 of TS 38.213). Otherwise, the UE ignores the later grant.

It is worthwhile mentioning that supporting more advanced UEs in Rel-16 with shorter processing time is crucial for proper NR operations to serve delay critical services. 

Conclusion
In this contribution we discussed our view for enabling inta-UE pre-emption for granted UL transmissions and proposed the following:

Proposal 1	If the UE receives a dynamic grant scheduling PUSCH, which overlaps in time with another PUSCH scheduled by an earlier received dynamic grant, the UE follows the later received grant and drops the previously scheduled PUSCH, if  S0  the earliest symbol of the overlapping PUSCHs is not before a symbol with CP starting   after a last symbol of the PDCCHs scheduling the PUSCHs (as specified in Section 9.2.5 of TS 38.213). Otherwise, the UE ignores the later grant.
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