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Introduction
In RAN1#85, there was a wide support to allow various services with different numerologies to be multiplexed in the same carrier. It was further agreed that both FDM and TDM may be considered. 
This contribution considers the case that eMBB is used as the basic service in the network, and an URLLC service happens occasionally. In that scenario, we prefer TDM multiplexing of eMBB and URLLC services with their corresponding numerologies.
Discussion

Scheduling frame
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The scheduling frame (SDF) describes the resources needed for the transmission of a data burst. A scheduling frame can consist of one or several NR sub-frame(s). A scheduling frame longer than one subframe can be created through subframe aggregation. The number of subframes in one scheduling frame depends on the particular requirements of a certain application. It may also be related to the deployment scenario and carrier frequency. 
We take the TDD as example to illustrate how to generate one scheduling frame by subframe aggregation ,  more details about the sub-frame design are found  in [1].



Figure 1: an example of subframe aggregation
The structure of an NR sub-frame could be configured in different ways, e.g. DL control + DL data + GP + UL part,  or all DL part,  only UL part, etc..
Multiplexing of eMBB and URLLC
For URLLC the target for user plane latency should be 0.5ms for UL and 0.5ms for DL. Furthermore, if possible, the latency should also be low enough to support the use of the next generation access technologies. The scheduling frame for URLLC must be sufficiently short to meet these requirements.
For eMBB, the target for user plane latency should be 4ms for UL, and 4ms for DL. The scheduling frame for eMBB can be longer than that for URLLC [2].
URLLC is a latency critical service. It may occur at any point of time and require an instantaneous scheduling opportunity. As one typical scenario, the URLLC service is provided in the eMBB network in “on-demand” manner. When it is enabled for certain UEs, the URLLC traffic will also appear relatively sporadically. In a normal NR access, it can be handled with the support of puncturing for mission-critical transmission like URLLC.
2.2.1 Downlink-heavy URLLC service 
If the URLLC UE can support the self-contained structure, the eMBB and URLLC are multiplexed as in figure 2.


Figure 2: self-contained scheduling frame for URLLC (DL)
If the URLLC UE cannot support the self-contained structure, the eMBB and URLLC are multiplexed as in figure 3.


Figure 3: an example of delay feedback for URLLC
2.2.2 Uplink-heavy URLLC service
If the URLLC UE can support the self-contained structure, then the eMBB and URLLC are multiplexed as in figure 4.


Figure 4: self-contained scheduling frame for URLLC (UL)
If the URLLC UE cannot support the self-contained structure, then the eMBB and URLLC are multiplexed as in figure 5.


Figure 5: an example of delay scheduling for URLLC
In figure6, the PUSCH of URLLC is delayed by k NR sub-frame(s), and k can be 1or 2.
2.2.3 Special cases 
There could be cases where puncturing is not needed, e.g. when the DCI of URLLC and eMBB could be multiplexed in the same resources with the same numerology. Then, as long as the DCI schedules different RBs and feedback is provided with different PUCCHs for different UEs, puncturing can be avoided. In such case, the eMBB UE would skip the NR sub-frame of URLLC. and The resource allocated to eMBB in the DCI will not include resources that are occupied by the URLLC service.


Figure 6: an example of DCI of URLLC and eMBB multiplexed in the same resources 
 Especially, the UL part of URLLC can be multiplexed with eMBB in the UL part if the latency restriction still allows this.


Figure 7: an example of delay feedback for URLLC
In figure6 and figure7, the same numerology is used for control of URLLC and eMBB.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Observation: If the numerologies used for control information for URLLC and eMBB are the same, then puncturing may be avoided.
Proposal 1: Control channel for URLLC can reuse the numerology of eMBB to avoid puncturing.
UE procedures due to puncturing for URLLC
For a eMBB UE,, there are two options for the processing: 
· Option1: the eMBB UE doesn’t know which resources are occupied by URLLC, then it may attempt HARQ soft combining of the first transmission and second transmission, including the damaged data.
· Option2: eMBB UE knows exactly which resources are occupied by URLLC. HARQ soft combining will exclude the damaged data.

[bookmark: OLE_LINK28][bookmark: OLE_LINK29]Option1 will have a negative performance impact on the performance.  The link level simulation (in the appendix) shows that the time for retransmission will be reduced and spectrum efficiency can be improved with option2.

For the indication of the position of URLLC, there are two ways: one is to indicate it in the DCI of the next scheduling frame. The other one is to let the eMBB UE know the position of URLLC at the time when the URLLC is scheduled. For the latter one, an eMBB UE discovers the presence of a URLLC service when it is receiving its data. It can then receive only data not punctured even in the initial transmission. Thus, the service efficiency can be improved.
In the case as shown in figure8, URLLC occupies the first NR sub-frame(s) of the scheduling subframe for eMBB. The TRP can transmit eMBB DCI after the URLLC sub-frame(s). Accordingly, the UE can monitor DCI in the next possible NR subframe(s) without further delay.


Figure 8: an example of URLLC in the front resource of eMBB 

The mechanism for eMBB UE detecting the punctured resources should be considered in designing the frame structure. The TRP could for instance transmit a signal, which could be cell-specifically or UE-specifically. Or, the TRP transmits some kind of common information, such as broadcast information, or common DCI. This information is tied to the presence of the URLLC service. If the URLLC is not configured, the TRP will not send this information either.Such signal may be also used for channel estimation or demodulation.
Proposal 2: When the URLLC is punctured into the resources of eMBB, the position of URLLC should be known to the eMBB UE in the same time.
Summary
In this contribution, we discussed the multiplexing of eMBB and URLLC. And we also showed some link level performance to compare scheme of with or without knowing puncture. The above discussion is summarized with the following observation and proposals:
Observation: If the numerologies used for control information for URLLC and eMBB are the same, then puncturing may be avoided.
Proposal 1: Control channel for URLLC can reuse the numerology of eMBB to avoid puncturing.
Proposal 2: When the URLLC is punctured into the resources of eMBB, the position of URLLC should be known to the eMBB UE in the same time.
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Appendix
Simulation parameters
We mainly use the LTE system parameters only for evaluation purpose.
Table 1	Simulation parameters
	Parameter
	 Values or assumption

	Duplex
	FDD

	Systerm bandwith
	10MHz

	Fc
	2.3GHz

	Number of TB
	Single TB

	Number of lay
	Single layer

	Number of port
	2

	Subcarrier spacing
	15kHz

	The scheduling time interval of URLLC
	2 OFDM symbols

	The scheduling time interval of eMBB
	1ms

	PRB
	50

	Channel
	TU

	Frequency Offset
	5Hz



Test cases
The arrival of URLLC is a random process. For simplicity, we only consider eMBB resources are punctured.
The URLLC and eMBB are TDM multiplexed as shown in figure 1. The scheduling frame of eMBB is 1ms, and the scheduling subframe of URLLC is 2 OFDM symbols.



Figure 5: eMBB (white) and URLLC (yellow) multiplexing
We need to consider HARQ with Chase-combining (HARQ-CC) and HARQ with incremental redundancy (HARQ-IR). The test cases are as follows:
Case 1: eMBB UE doesn’t know the existence of URLLC.
· Case1a: Adopt the HARQ-CC
· Case1b: Adopt the HARQ-IR
For case1, eMBB UE may attempt HARQ soft combining of the first transmission and second transmission (i.e. first HARQ retransmission), including the damaged data.
Case 2: eMBB UE knows the existence of URLLC and its exact position 
· Case2a: Adopt the HARQ-CC
· Case2b: Adopt the HARQ-IR
For case2, eMBB UE may attempt HARQ soft combining of the first transmission and second transmission (i.e. first HARQ retransmission), excluding the damaged data.
Simulation results
[image: ]
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Figure 1 MCS index = 9
[image: ]
Figure 2 MCS index = 0
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