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1. Introduction

In RAN1#86bis meeting, the multiplexing for eMBB and URLLC in DL was discussed, and the following way forward has been agreed [1]:
· From network perspective, multiplexing of transmissions with different latency and/or reliability requirements for eMBB/URLLC in DL is supported by  

· Using the same sub-carrier spacing with the same CP overhead
· FFS: different CP overhead
· Using different sub-carrier spacing 
· FFS: CP overhead
· NR supports both approaches by specification
· NR should support dynamic resource sharing between different latency and/or reliability requirements for eMBB/URLLC in DL 

In RAN1#87, no further agreement on eMBB/URLLC multiplexing was reached while scheduling-based eMBB/URLLC resource sharing was first agreed [2]:
· For DL, dynamic resource sharing between URLLC and eMBB is supported by transmitting URLLC scheduled traffic

· URLLC transmission may occur in resources scheduled for ongoing eMBB traffic
And in the email discussion after RAN1#87, some key aspects on eMBB/URLLC multiplexing were discussed including indication-based approaches, non-indication approaches, scheduling-based approaches, etc.

In this contribution, we mainly focus on various indication-based approaches, and provide our observations and proposals. A brief analysis on non-indication scheme is also included.
2. Principles for selecting a multiplexing approach

Before selecting a multiplexing approach, we should first have a consensus on principles for making the selection. From our perspective, following principles should be considered:

· Minimize the effects to eMBB UEs
To us, this is the primary requirement. eMBB services are provided to common mobile phone users in general public. It is unreasonable to sacrifice MMB service experience, cost and battery life of NR eMBB users to enable URLLC service provision. Comparatively, URLLC users can accept a higher complexity, a higher cost and a larger power consumption in order to guarantee the low latency and high reliability. Hence, the URLLC functions should be introduced while minimizing effects to eMBB UEs.
· Separate optimization for URLLC
In order to minimize effects to eMBB UEs, design of eMBB control channels should also keep un-affected as much as possible. Completely-unified PDCCH design for eMBB and URLLC inevitably increase the eMBB UE complexity, as further discussed in following part of this paper. 

· Allow resource reservation for URLLC

If the effects to eMBB UEs can be minimized at a cost of reserving more resource for URLLC, it is worthwhile to pay the cost. For example, semi-statically reserving a subband for URLLC effectively simplifies the eMBB UEs’ operation although some resource may be wasted. Similarly, reserving a resource for a part of URLLC DCI can also simplify the eMBB DCI searching procedure.
Proposal 1: Design eMBB/URLLC multiplexing scheme for minimizing effects to eMBB UEs. For that, separate optimization and resource reservation for URLLC should be allowed.

3. Non-indication approaches
Simply ignoring the indication is obviously unwise. It will bring uncontrolled effects to eMBB UEs. Two enhanced non-indication approaches were proposed:
· Out coding: This approach obviously brings extra complexity to eMBB UEs.
· Per-CB (code block) ACK/NACK: This approach also brings increased complexity to eMBB UEs.
Proposal 2: Non-indication approaches are not desirable unless they bring negligible increase of complexity, processing burden and power consumption to eMBB UEs.
4. Indication-based approaches
To support the preemption/superposition-based eMBB/URLLC dynamic multiplexing, a gNB needs to notify affected UEs to enable them to recover the wanted eMBB data suffering from unwanted preemption/superposition. Several indication approaches have been mentioned in previous meetings and email discussion:
1. Pre-URLLC explicit indication:

In this approach, the presence and resource information of the URLLC transmission are informed in a DCI in prior to or at the beginning of the URLLC burst. A UE can try to decode the eMBB data by properly treating the received bits affected by URLLC preemption/superposition.
2. Post-URLLC explicit indication
In this approach, gNB informs UEs the preemption/superposition information via a DCI transmitted after the URLLC burst, so for an eMBB UE to perform a better HARQ combining (e.g. discarding the initial transmission when needed).
3. Implicit indication
In this approach, eMBB can naturally detect the presence of URLLC preemption/superposition without relying explicit signaling. A possibility is that some affected eMBB signals (e.g. DMRS) can imply the presence of URLLC preemption/superposition.
An eMBB performance comparison between “Pre-URLLC indication” and “Post-URLLC indication and HARQ re-transmission” is illustrated in Fig.1. It shows that “Pre-URLLC indication” yields a substantial throughput gain over “No enhancement” (i.e. eMBB decoding simply tolerating the URLLC preemption, while “Post-URLLC indication and HARQ re-transmission” merely provides limited gain. And “Pre-URLLC indication” obviously outperforms “Post-URLLC indication and HARQ re-transmission” in the SNR region for the typical operating point. The reason why “Post-URLLC indication and HARQ re-transmission” outputs the inferior performance is that the initial transmission has to be decoded without knowing the presence of URLLC transmission, although the HARQ combining is performed with the knowledge.
Table 1: Simulation assumptions
	Parameters 
	Values or assumptions 

	Carrier Frequency 
	2 GHz 

	Waveform 
	OFDM

	Channel coding
	LTE Turbo code

	Numerology 
	Same as Release 13 

	MCS of eMBB
	QPSK, 1/2 coding rate

	Modulation of URLLC
	QPSK

	BS antenna configuration 
	4Tx 

	UE antenna configuration 
	2Rx 

	Channel model and UE speed 
	LTE EPA, 3km/h

	Maximum number of HARQ retransmissions
	3

	Bandwidth of eMBB
	20MHz

	TTI of eMBB
	14 OFDM symbols duration

	TTI of URLLC
	2 OFDM symbols duration

	Number of OFDM symbols for PDCCH
	2 OFDM symbols
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Fig.1: Throughput performance of pre-URLLC and post-URLLC indication schemes
Furthermore, the post-URLLC indication and HARQ re-transmission approach may require a complicated DCI design:

· The traditional DCI corresponds to the data transmission in the same subframe. Using a DCI to inform the URLLC puncturing information in a previous subframe is risky to result in a mis-understanding and incorrect behavior on the UE side. 

· To adapt to various positions and shapes of a URLLC resource, accurately defining the UE behavior will also lead a complicated UE implementation. 

· When receiving the “late-arrived DCI”, a UE may have demodulated the received bits and formed the code word for decoding. In order to remove the puncture bits, the UE may need to recover the received bits to re-order the bits in decoding buffer. 
From the simplicity and reliability perspective, the “self-decoding” design of each HARQ re-transmission version  (analogous to LTE) should be retained.
Observation 1: Post-URLLC indication suffers from a performance degradation than pre-URLLC indication and a more complex HARQ combining.
The difference between implicit indication and non-indication approaches is that implicit indication will not increase the UE complexity. If the signals (e.g. DMRS) implying the presence of URLLC preemption/superposition are signals an eMBB UE anyway needs to detect, no extra complexity is introduced. It worthwhile to study implicit indication approaches because it can avoid the extra signaling overhead. But the detection accuracy needs to be evaluated carefully.
Proposal 3: Study pre-URLLC explicit indication approaches as baseline. Study implicit indication approaches with evaluation of detection accuracy.
The next problem is: Place the pre-URLLC explicit indication in which position? Three approaches can be considered:
· Approach 1: Indication in DCI in URLLC burst

Placing the indication in the DCI at the beginning of an URLLC burst is the approach with smallest effects to eMBB channel structure. However it brings severe effects to UE receiving operation. A UE always has to blindly detect the URLLC DCI throughout its scheduled resource. When we consider the dynamic eMBB/URLLC multiplexing, we assume the URLLC traffic is sporadic (If URLLC traffic load is relatively constant, a better way is the semi-static multiplexing.). Blind detection every time when an eMBB UE is scheduled is very in-efficient for the UE.
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Fig.2: Indication in DCI in URLLC burst
· Approach 2: Indication in eMBB DCI

Placing the indication in the eMBB DCI avoids unnecessary blind detection for an eMBB UE in its scheduled resource. However, the problem is: If eMBB DCI only transmits at the beginning of a slot, how does the gNB predict the presence of URLLC burst in the slot duration? If a URLLC traffic arrives after the eMBB DCI is transmitted, an URLLC burst must be transmitted within the current slot to meet the stringent latency requirement without indication. Hence the eMBB DCI cannot be used to send the indication in most of cases. 
Another possible improvement is to increase the time-domain density of eMBB DCIs, e.g. arranging multiple PDCCHs in a slot duration. However, this will obviously increase the UE complexity, processing burden and power consumption in detecting the PDCCHs.
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Fig.3: Indication in eMBB DCI
· Approach 3: Specific indication in a pre-configured position
The third approach is to assign a specific resource region for the indication outside the eMBB and URLLC DCI. The specific channel can be presented in a relatively fixed frequency position which is pre-configured to UEs. An eMBB UE can keep monitoring the indication in the relatively fixed position in the slot having received its DL assignment. This approach avoids affecting eMBB PDCCH structure meanwhile avoiding blind detection of the indication. 
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Fig.4: Indication in a specific channel
Proposal 4: Study different resource allocation approaches for pre-URLLC explicit indication considering searching complexity for eMBB UE. 
5. Conclusions
Proposal 1: Design eMBB/URLLC multiplexing scheme for minimizing effects to eMBB UEs. For that, separate optimization and resource reservation for URLLC should be allowed.

Proposal 2: Non-indication approaches are not desirable unless they bring negligible increase of complexity, processing burden and power consumption to eMBB UEs.
Observation 1: Post-URLLC indication suffers from a performance degradation than pre-URLLC indication and a more complex HARQ combining.

Proposal 3: Study pre-URLLC explicit indication approaches as baseline. Study implicit indication approaches with evaluation of detection accuracy.
Proposal 4: Study different resource allocation approaches for pre-URLLC explicit indication considering searching complexity for eMBB UE. 
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