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[bookmark: _Ref4817] Introduction 
In Rel-17, RAN basic functions for multi-UE DL transmission with a group common DCI are supported for broadcast/multicast services. In Rel-18, multi-cell scheduling with a single DCI for both DL and UL transmission is supported to reduce the control overhead in multi-carrier scenario. In addition, simultaneous multi-panel UL transmission is also supported in Rel-18 for higher UL throughput/reliability where the essential method is to schedule the UL transmission of multi-panel with a single DCI. 
In this contribution, we propose to extend the multi-X scheduling to multi-UE UL transmission in Rel-19. 
Justification
With the development of 5G, there are emerging scenarios with simultaneous multi-UE UL transmission for increasing of UL user throughput and improving UL coverage. Meanwhile, the increasing number of UEs accessing in 5G network is making PDCCH capacity as one of the limiting factors, especially in DSS scenario. In Rel-17, multicast/broadcast transmission has been supported for DL. However, it still lacks of corresponding schemes for UL, making asymmetric DL and UL performance. In this context, it is of great importance to schedule multi-UE UL transmission efficiently in a similar way as DL. 
[bookmark: OLE_LINK25]As analyzed in [1][2], there are many scenarios such as IIoT scenario, personal IoT network scenario, and wireless backup scenario etc., which require multi-UE collaboration to improve UL transmission performance in terms of reliability, data rate and power saving etc. In IIoT scenarios, for many industrial use cases, e.g., mobile collaborating logistic & assembly robots or vehicle-mounted relays, multiple devices need to collaboratively transmit the same TB for high reliability [3]. In Personal IoT network scenario, a user may have multiple devices such as smartphone, tablet and smartwatch. These multiple devices can be collaboratively transmitting the same/different TBs to maximize MIMO gain by aggregating antenna capabilities among multiple devices, and also save power for the battery constrained devices [4]. In wireless backup scenario, group scheduling of anchor and wireless backup UEs allow higher reliability and less interruption time [1][5]
In addition, in some hotspot scenarios such as large-scale exhibitions/conferences, sports events/concerts and emergency rescue site, a large number of users gather together and limited PDCCH resources can easily cause PDCCH blocking if independent DCI is still used to schedule each UE, which limits the maximum capacity and user experience of the cell [6][7]. 
In the above scenarios, single DCI based multi-UE UL scheduling can be introduced for more efficient and reliable UL transmission. 
Observation 1: There are emerging scenarios requiring simultaneous multi-UE UL transmission, e.g., IIoT scenario, personal IoT network scenario, wireless backup scenario and hotspot scenario etc.
Multi-UE PUSCH scheduling with a single DCI
[bookmark: OLE_LINK29]For multi-panel UL transmission scheme, both SFN based and SDM based scheme with a single DCI scheduling are supported. Similar schemes can also be supported for multi-UE PUSCH scheduling. 
· [bookmark: OLE_LINK27][bookmark: OLE_LINK28][bookmark: OLE_LINK1]For SFN based scheme, a single DCI schedules multiple UEs to use the same layers on the same resources for a same packet to enhance the reliability of UL transmission. Compared to the SFN scheme of multi-panel operation in Rel-18, the only difference is to extend multiple panels of a UE to multiple UEs, which requires to introduce a common RNTI. Then, a single DCI with two SRI bit fields and two TPMI bit fields can be used for two UEs transmitting the same data base on SFN scheme, where each bit field associates with one SRS resource set of one UE. These two SRI and two TPMI bit fields indicate the transmission beams and precoding information for two UEs, separately.   
· For SDM based scheme, a single DCI schedules multiple UEs to use different layers on the same resources to improve the throughput of UL transmission. Similarly, compared to the SDM scheme of multi-panel operation in Rel-18, the only difference is to extend multiple panels of a UE to multiple UEs, which requires to introduce a common RNTI. Then, a single DCI with two SRI bit fields and two TPMI bit fields can be used for two UE transmitting different data base on SDM scheme, where each bit field associates with one SRS resource set of one UE. These two SRI and two TPMI bit fields indicate the transmission beams, number of layers, and precoding information for two UEs, separately. 
· For TDM/FDM based scheme, a single DCI schedules multiple UEs on different time and/or frequency domain resources to enjoy better diversity gain. On top of SFN and SDM based scheme, it requires independent TDM/FDM indication. Similar approach adopted for multi-cell scheduling can be reused. 
· Regarding the interaction among the UEs, it could be based on PDCP aggregation specified in Rel-18 in RAN2, which supports both PDCP duplication and PDCP split, or based on lower layer aggregation by implementation.
Proposal 1: Support multi-UE PUSCH scheduling with a single DCI in Rel-19. 
· Support both SFN based scheme and SDM based scheme by introducing two SRI bit fields and two TPMI bit fields in a single DCI for two separate UEs respectively. 
· The single DCI is based on DCI format 0_1. 
· Support TDM/FDM based scheme by additionally supporting independent TDRA/FDMA indication for separate UEs.
· The TDRA/FDMA indication method adopted for multi-cell scheduling can be reused. 
Conclusion
In this contribution, we discussed the motivation of multi-UE UL transmission with a single DCI with the following observation and proposal.
Observation 1: There are emerging scenarios requiring simultaneous multi-UE UL transmission, e.g., IIoT scenario, personal IoT network scenario, wireless backup scenario and hotspot scenario etc.
Proposal 1: Support multi-UE PUSCH scheduling with a single DCI in Rel-19. 
· Support both SFN based scheme and SDM based scheme by introducing two SRI bit fields and two TPMI bit fields in a single DCI for two separate UEs respectively. 
· The single DCI is based on DCI format 0_1. 
· Support TDM/FDM based scheme by additionally supporting independent TDRA/FDMA indication for separate UEs.
· The TDRA/FDMA indication method adopted for multi-cell scheduling can be reused. 
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