3GPP TSG RAN WG1 Meeting #94   				                              R1-1808565
Gothenburg, Sweden 20th – 24th August 2018

Agenda Item:	 7.2.6.2
Source:	       NEC
[bookmark: _GoBack]Title:	              UL inter UE Tx prioritization/multiplexing of eMBB and URLLC
Document for:	 Discussion/Decision

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RP-181477 [1], New SID on Physical Layer Enhancements for NR URLLC has been approved: ‘Enhanced multiplexing considering different latency and reliability requirements for UL inter-UE Tx prioritization/multiplexing’.
In this contribution, we discuss the UL inter-UE multiplexing of eMBB and URLLC services, especially on methods to support UL Pre-emption Indication and mechanisms to reduce the inter-cell interference for URLLC services.  
Discussion
Inter-UE multiplexing of UL transmissions of eMBB and URLLC
URLLC has higher transmission priority due to the 1ms latency and very high reliability requirement that has been put forward as a design goal. For both sporadic and periodic URLLC traffic, multiplexing with the eMBB UEs can provide better spectrum resource utilization and capacity gain. 
For grant-based URLLC, the UE shall send a scheduling request for URLLC transmission to gNB. If the URLLC service’s required resources are occupied by another UE’s eMBB transmission, the gNB shall send UL Pre-emption Indication to the interfering UE(s). The eMBB UE may cancel the eMBB transmission, or modify the original grant so that it can puncture or rate-match the resources assigned to the URLLC UE.  
If the precise resource assignments of URLLC UE(s) are to be sent to the eMBB UEs in UL Pre-emption Indication, the control signalling overhead can be high. The additional issue is the reliability of such UL grant modification indication. Since the URLLC requires higher reliability, the pre-emption indication for eMBB UE will have to reach a same reliability level as the URLLC.
A group-common or UE specific DL control message can be used for UL Pre-emption Indication. In order to improve the reliability of UL Pre-emption Indication, the preemptable resources of eMBB UEs can be pre-configured to reduce the DCI payload size, and then activated by a one-bit indication. Upon receiving the UL Pre-emption Indication, the eMBB UE can mute its transmission on the preemptable resource, but allow some urgent and dynamically configured UCI type (e.g. HARQ ACK/NACK) for eMBB to be transmitted without prolonged delay, or even at the same time instance but a frequency location not pre-empted for URLLC service.
The information on preemptable resources (e.g. the time-frequency allocation, offset, periodicity in mini-slots/symbols) can be sent to the eMBB UE in the following ways:
1) semi-statically via RRC signalling
2) multiplexed with UL grant for eMBB PUSCH transmission
As shown in Figure 1, an UL transmitting eMBB UE1 is pre-configured with preemptable resources on two 4-symbol mini-slots in every slot. Following UL Pre-emption Indication via UE specific scheduling DCI, the eMBB UE1 (who monitors the PDCCH every 4-symbol mini-slot) suspends the transmission on its preemptable resources. In this example, the assumption is that the ratio of pre-empted resources for URLLC is small, e.g. to support target URLLC data rate at 32 bytes per 1ms. The transmission of URLLC UE2’s data in an eMBB slot includes a 4-symbol mini-slot on symbol 3–6, and a 4-symbol mini-slot on symbol 9-11 and 13 (skipping additional DMRS), thereby avoids symbols containing control and DMRS of eMBB UE1.
[image: ]
Figure 1 Indication of preemptable eMBB resource for URLLC UE
The pre-empted area of time/frequency resources of eMBB UE can be greater than that used by the transmitting UL URLLC service. In case that a new MCS/TBS is required by the eMBB UE for the pre-empted slot, the new MCS/TBS can be signalled by updating the MCS/TBS implicitly with a delta value (without dynamic signalling).   
[bookmark: _Hlk520129783]In UL Pre-emption Indication, an indication of configurable time duration may be supplied, e.g. from a fraction of 1ms to several milli-seconds. No additional signalling is then needed in order to notify the eMBB UE to resume transmission on the pre-empted resources. 

The gNB can always use separate power settings to limit a UE’s UL transmission power for eMBB service over preemptable resources. For example, define ‘beta_offset’ (amplitude scaling factor ) for the preemptable resource only to enable different EPRE for preemptable resources without changing that of other resources. This can reduce the potential interference from eMBB transmission to URLLC service over the preemptable resource. This is also useful for the case in which the initial URLLC transmission occurs before the interfering UE is able to cancel or modify the eMBB transmission. 
Proposal 1: Support configuring preemptable resources of eMBB UEs prior to URLLC transmission.
Proposal 2: Support mechanisms to cancel/modify eMBB transmissions over inter-UE URLLC resources.
Proposal 3: Support gNB to apply separate power setting for the eMBB UE’s UL transmission over preemptable resources to enable different EPRE.
Handling of inter-cell interference
Multiplexing of eMBB and URLLC traffic is likely to be cell-specific, but the cell-edge high-power UEs’ eMBB transmission can also cause UL interference or cross-link inter-UE interference to their neighbouring cell’s URLLC service. Similar mechanism can be supported to reduce the inter-cell interference for URLLC services. 
The neighbouring gNBs shall be able to co-ordinate the configuration of preemptable eMBB resources for the cell edge UEs, for example, by exchanging information in fine grain time/frequency allocation and periodicity (SCS, CRB, slots, mini-slots etc). The neighbouring cells can also identify and maintain lists of cell edge UEs with high inter-UE interference, e.g. based on inter-UE RS measurements.
When pre-emption request or indication of high interference is received for high priority URLLC service from a neighbouring cell, the serving cell shall be able to activate the pre-emption of eMBB service over the configured time/frequency domain resources, for a specified time duration and/or periodicity. 
Proposal 4: Support mechanisms to co-ordinate cell edge UE eMBB transmissions over configured URLLC resources of neighbouring cell.
Conclusion
In this contribution, we discussed the mechanisms for supporting inter-UE UL Tx prioritization and multiplexing and proposed,
Proposal 1: Support configuring preemptable resources of eMBB UEs prior to URLLC transmission.
Proposal 2: Support mechanisms to cancel/modify eMBB transmissions over inter-UE URLLC resources.
Proposal 3: Support gNB to apply separate power setting for the eMBB UE’s UL transmission over preemptable resources to enable different EPRE.
Proposal 4: Support mechanisms to co-ordinate cell edge UE eMBB transmissions over configured URLLC resources of neighbouring cell.
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