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Introduction
In RAN1 NR Ad Hoc, multiplexing of eMBB and URLLC traffic in DL were discussed and agreed with the following two methods; they are the scheduling based solution and pre-emption based solution, 
Agreements:
· DL dynamic resource sharing between eMBB and URLLC is supported without pre-emption by scheduling the eMBB and URLLC services on non-overlapping time/frequency resources.
· No specific specification work is expected  
· The above should be captured into TR 38.802

Agreements:
· For DL, support indication of time and/or frequency region of impacted eMBB resources to respective eMBB UE(s)
· FFS: Details of  the granularity for impacted region used in the indication 
· e.g., PRB (group)/symbol (group)/mini-slot (group)/CB (group)/TB/Slot
· The indication is transmitted at one of the following (will be down selected later)
· during current eMBB TTI
· after current eMBB TTI
· during  and after current eMBB TTI
· The indication is one of the following (will be down selected later)
· explicit
· implicit
· explicit and implicit

In RAN1#88, dynamic signalling of impact to eMBB pre-empted data caused by multiplexing with high priority URLLC traffic for improving the HARQ operation was agreed as follows,
Agreements:
· Indication of URLLC transmission overlapping the resources scheduled for an eMBB UE in downlink can be dynamically signaled to the eMBB UE to facilitate demodulation and decoding
· FFS details

Agreements:
· Indication can be dynamically signaled to a UE, whose assigned downlink resources have  partially been preempted by another downlink transmission, to increase the likelihood of successful demodulation and decoding  of the TB(s) transmitted within the above mentioned assigned resource
· The indication may be used to increase the likelihood of successful demodulation and decoding of the transport block based on the pre-empted transmission and/or subsequent (re)-transmissions of the same TB

This paper discusses scheduling and pre-emption based approaches for multiplexing of URLLC and eMBB traffic in DL.   
Scheduled Based Approach
NR frame structure supports slot and mini-slot based scheduling.  In addition to slot and mini-slot, the subframe is used as the reference timing and counter for the slot and mini-slot configuration.  A slot could contain DL transmission part, gap period, and UL transmission part in time.   The number of symbols of DL transmission part, gap period and UL transmission part could vary in time and dynamically allocated by the network.   Slot-based scheduling allocates the whole radio resource in a slot for DL/UL transmission.  Most NR traffic, such as eMBB, URLLC and mMTC, used slot-based scheduling for scheduled data transmission.   In NR dynamic TDD configuration, the number of OFDM symbols for scheduler to allocate in DL or UL might be different at each slot.   The scheduler might not have exact number of OFDM symbols for DL or UL retransmission at the next slot for slot-based scheduling.    Thus, resource allocation for slot-based scheduling should be 2-dimensional, which includes both number of PRBs and number of OFDM symbols.  
Proposal 1: 	For slot-based scheduling, UE monitors DL control channel for potential DL and UL grant at each slot.  
“Mini-slot” is defined as the smallest unit in time for scheduling.  UE could be configured to monitor DL control channel every mini-slot for mini-slot-based scheduling.  Mini-slot-based scheduling is used for low latency traffic, such as URLLC, similar to LTE shortened TTI.  Mini-slot-based scheduling would improve the system performance by fast data rate increase during TCP slot start flow control.  Mini-slot could also be used as the basic scheduling unit for the resource allocation in time within the slot.  The scheduler could partition the radio resource in both frequency and time domain when the unit of resource allocation is the mini-slot.   This would provide the scheduler the flexibility of resource allocation and multiplexing services with different latency requirements, such as eMBB and URLLC.  The allocation of dedicated channels and the scheduling unit “slot” and “mini-slot” are also used the subframe as the reference time.   
Proposal 2:	 Mini-slot is the basic unit for the resource allocation for all applications, such as eMBB, URLLC, and mMTC.  Scheduler could use mini-slot as the resource allocation unit for multiplexing of URLLC and eMBB within a slot without pre-emption. 
In RAN1#87, mini-slot length was agreed as follows,
· At least above 6 GHz, mini-slot with length 1 symbol supported
· FFS below 6 GHz including unlicensed band
· FFS for URLLC use case regardless frequency band
· FFS whether DL control can be supported within one mini-slot of length 1 
· Lengths from 2 to slot length -1
· FFS on restrictions of mini-slot length based on restrictions on starting position 
· For URLLC, 2 is supported, FFS other values 
· Note: Some UEs targeting certain use cases may not support all mini-slot lengths and all starting positions
· Can start at any OFDM symbol, at least above 6 GHz
· FFS below 6 GHz including unlicensed band
· FFS for URLLC use case regardless frequency band
· A mini-slot contains DMRS at position(s) relative to the start of the mini-slot 

The number of OFDM symbols for DL transmission part and UL transmission part could be dynamically configured and changed slot-to-slot in NR   The number of OFDM symbols for DL might not be even number.  If mini-slot length of 2-symbol is the only one supported for URLLC, it would create an unused orphan symbol left at the end when odd number of OFDM symbols are allocated for DL or UL transmission part in the slot.  If URLLC traffic arrives at the last orphan symbol of the slot, URLLC traffic has to wait till next mini-slot at next slot for potential scheduling.   This will result in unnecessary delay.   Thus, it is desired to support mini-slot length of 1 OFDM symbol for URLLC.

Proposal 3:	 Mini-slot with length 1 OFDM symbol in addition to 2 OFDM symbols is supported for URLLC 
In the design of self-contained structure, a slot could contain DL transmission part, gap period and UL transmission part.   The slot is configured based on the reference timing of the subframe, where is the reference of the DL common channels configurations.  The slot could be designed with flexible configuration for different deployment scenarios and application types.  The length of slot would be different for different applications.   The configuration of the slot length for delay sensitive applications, such as URLLC, should be short to meet the latency requirement.  The length of a slot could be configured to be extra long for coverage extension and low power type MTC application.  For eMBB applications, the length of a slot could be moderate for high data rate throughput with low latency.    If the slot is UE-specifically configured, the radio resource could be allocated dynamically for multiplexing of different traffic, such as URLLC and eMBB, as shown in Figure 1.     In Figure 1, the length of a lot for eMBB traffic is 7 OFDM symbols for both UE1 and UE2.   The slot configuration of UE1 and UE2 are different with offset to the subframe boundary being 0 and X respectively.  The GP configured for UE1/UE2 is used for the UL/DL transmission of UE2/UE1.    URLLC UE is configured with shorter slot length by paired the DL and UL transmission part to eMBB UE1/UE2 or UE2/UE1 as shown in Figure 1.    The shorter slot length for URLLC would allow fast scheduled DL/UL transmission when URLLC traffic arrived.  In the mean time, the operation of eMBB traffic with normal slot length maintained without any interruption.  The GP length for both URLLC and eMBB UEs could be adjusted dynamically based on the UE processing capability and 
Proposal 4:	The length of a slot is application-specific.  The configuration of the slot should be UE-specific and dynamically configured by the network to support multiplexing of URLLC and eMBB traffic.      


Figure 1:UE-specific slot configuraiton for multiplexing of eMBB and URLLC traffic in NR frame structure

Pre-emption Based Approach 
The pre-emption based approach for multiplexing of URLLC and eMBB traffic is to a puncture the ongoing eMBB bits for URLLC transmission.  The general assumption is that eMBB data is transmitted on all resource within a slot based on slot-based scheduling.  URLLC will use mini-slot based scheduling to transmit at the next transmission mini-slot when the data arrives to minimize the delay.    Since URLLC traffic will take away some resource used for on-going eMBB transmission, eMBB data would be punctured on those resources used by URLLC.  It was agreed in RAN1#88 that Indication can be dynamically signaled to a UE whose assigned downlink resources have  partially been preempted by another downlink transmission, to increase the likelihood of successful demodulation and decoding  of the TB(s) transmitted within the above mentioned assigned resource.  The indication may be used to increase the likelihood of successful demodulation and decoding of the transport block based on the pre-empted transmission and/or subsequent (re)-transmissions of the same TB.    The considerations of indication of DL time and/or frequency region of impacted eMBB resource are discussed in the following,
· Regions for mini-slot DL control channel – UE with URLLC traffic needs to monitor the control channel of every mini-slot in order to transmit URLLC data in short time.   DL control channel with associated RS would be configured at each mini-slot.  It was agreed in RAN1 NR Ad Hoc that DL control channel for mini-slot-level data scheduling is just a re-use of that for slot-level data scheduling.  The resource for ongoing eMBB transmission overlapped with the configured mini-slot DL control channel needs to be punctured in addition to those resources punctures for URLLC data transmission.   

Proposal 5:  	The resource for ongoing eMBB transmission overlapped with the configured mini-slot DL control channel needs to be pre-empted in addition to those resources pre-empted for URLLC data transmission.   

· Impact on DM RS for channel estimation – URLLC data will be transmitted based on mini-slot data channel.   It was agreed in RAN1 NR Ad Hoc that DMRS for mini-slot-level data channel is just a re-use of that for slot-level data channel.   When resource for ongoing eMBB data transmission is punctured for URLLC, DM RS of slot level data channel for eMBB data transmission would be punctured as well.   eMBB UE would use the DM RS inserted for URLLC data for channel estimation since DM RS are in the same location for mini-slot and slot data channel.   Since DM RS are precoded along with data, the slot-level channel estimation for eMBB UE would be in error when some of DM RS REs are punctured and replaces by DM RS REs used for mini-slot DL shared channel in carrying URLLC traffic.  The channel estimation error would be propagated to all data region within the slot but not only to the impacted region when channel estimation outputs from DM RS are used for interpolation of channel estimation of eMBB data REs.  The time and/or frequency region of impacted eMBB resources by pre-emption is the entire slot due to channel estimation error propagation.

Proposal 6:  	The time and frequency region of impacted eMBB resources by pre-emption is the entire slot due to channel estimation error propagation. 
Since the entire time and frequency region of eMBB resource by pre-emption is impacted, the whole eMBB data needs to be retransmitted anyway.   The slot-based scheduler could just allocate the same set of resource with new redundancy version for retransmission of the eMBB data at next slot.  In order to facilitate the soft-combining of several redundant versions, one-bit is added at the DCI to indicate the redundant version of previous transmission being compromised.   
Proposal 7: 	The slot-based scheduler could just allocate the same set of resource with new redundancy version for retransmission of the eMBB data at next slot.  In order to facilitate the soft-combining of several redundant versions, one-bit is added at the DCI to indicate the redundant version of previous transmission being compromised.   
Conclusion
This paper analyzes the NR frame structure of slot and mini-slot, control channel design, and RS design in support of multiplexing of URLLC and eMBB traffic.   We have the following proposals for scheduled based approach.
· Proposal 1: 	For slot-based scheduling, UE monitors DL control channel for potential DL and UL grant at each slot.  
· Proposal 2:	 Mini-slot is the basic unit for the resource allocation for all applications, such as eMBB, URLLC, and mMTC.  Scheduler could use mini-slot as the resource allocation unit for multiplexing of URLLC and eMBB within a slot without pre-emption. 
· Proposal 3:	 Mini-slot with length 1 OFDM symbol in addition to 2 OFDM symbols is supported for URLLC 
· Proposal 4:	The length of a slot is application-specific.  The configuration of the slot should be UE-specific and dynamically configured by the network to support multiplexing of URLLC and eMBB traffic.      

For the pre-emption based approach, we have the following proposals,
· Proposal 5: The resource for ongoing eMBB transmission overlapped with the configured mini-slot DL control channel needs to be punctured in addition to those resources punctures for URLLC data transmission.   
· Proposal 6: The time and frequency region of impacted eMBB resources by pre-emption is the entire slot due to channel estimation error propagation. 
· Proposal 7: 	The slot-based scheduler could just allocate the same set of resource with new redundancy version for retransmission of the eMBB data at next slot.  In order to facilitate the soft-combining of several redundant versions, one-bit is added at the DCI to indicate the redundant version of previous transmission being compromised.   
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