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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 

Also in the meeting, some contributions addressed detailed dynamic resource sharing approaches including TDM/FDM, pucturing, superposition, etc.. Especially, in order to support the correct reception of punctured eMBB data, a series of URLLC indication schemes were proposed. In this contribution, we analyze the proposed URLLC indication schemes, compare their effects to gNB and UE capability requirements, and propose a way forward for further study.
2. URLLC indication schemes for puncturing-based DL eMBB/URLLC dynamic multiplexing
To support the puncturing-based eMBB/URLLC dynamic multiplexing, a gNB need to carefully arrange the DCI and DL eMBB data transmission to enable UEs to recover the wanted eMBB data suffering from unwanted pucturing. Several approaches have been proposed in previous meetings on the aspect:
1. Pre-pucturing indication:

In this approach, the presence and resource information of the URLLC transmission are informed in a DCI in prior to the URLLC transmission. A UE can try to decode the eMBB data by correctly discarding the received bits replaced by URLLC data.
2. On-puncturing indication: 
In this approch, a preamble/flag is inserted at the beginning of the URLLC transmission. A UE can detect the preamble/flag to be aware of the presence of following URLLC transmission and its scheduled resource area.

3. Post-puncturing indication and HARQ re-transmission

In this approach, gNB informs UEs via DCI the puncturing information of the initial transmission after the puncturing, so for an eMBB UE to perform a correct HARQ combining (e.g. discarding the initial transmission when needed).

An eMBB performance comparison between “Pre-pucturing/On-puncturing indication” and “Post-puncturing indication and HARQ re-transmission” is illustrited in Fig.1. It shows that “Pre-pucturing/On-puncturing indication” yields a substantial throughtput gain over “No enhancement” (i.e. eMBB decoding simply tolorating the URLLC puncturing), while “Post-puncturing indication and HARQ re-transmission” merely provides limited gain. And “Pre-pucturing/On-puncturing indication” obviously outperforms “Post-puncturing indication and HARQ re-transmission” in the SNR region for the typical operating point. The reason why “Post-puncturing 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: Throughtput performance of URLLC indication schemes

Observation 1: Thanks to prior knowledge of presence of URLLC transmission, “Pre-pucturing/On-puncturing indication” obviously outperforms “Post-puncturing indication and HARQ re-transmission”.

3. Capability requirements of URLLC indication schemes 
The three approaches introduce some additional capability requirements  (and relative processing burden) to the gNB and/or UE sides, as summerized below.
Table 2: Additional capability requirements to equipments from the URLLC indication approaches

	URLLC indication approaches
	Additional capability requirements to gNB
	Additional capability requirements to UE (including eMBB-only UEs)

	Pre-pucturing indication
	Capability of fast re-arranging the DCI contents to include the indication (meanwhile meeting the stringent latency requirements of the URLLC service).
	No substantial effects.

	On-puncturing indication
	No substantial effects.
	Blind detection for URLLC preambles/flags.

	Post-puncturing indication and HARQ re-transmission
	No substantial effects.
	Complicated HARQ combining with re-ordering bits in decoding buffer (even need to recover the received bits in the worst cases).


The post-puncturing indication and HARQ re-transmission approch may require a complicated DCI design:

· The traditional DCI correponds 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 an mis-understanding and incorrect behaviour on the UE side. 
· To adapt to various positions and shapes of a URLLC resource, accurately defining the UE behaviour 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 2: Some URLLC indication approaches (e.g. On-puncturing indication and Post-puncturing indication and HARQ re-transmission) for eMBB/URLLC multiplxing may result in an excessive capability requirements and processing burden for the eMBB-only UEs, e.g. blind detection of URLLC presence, complicated HARQ combining.
4. Avoid excessive capability requirements to eMBB-only UEs 
The above analysis suggests that the approach 2 and 3 will bring considerable extra capability requirements to the UEs which needs to be compulsively supported by all NR UEs including eMBB-only ones. This is definitely an excessive requirement to eMBB-only UEs and will result in an unnecessary processing burden and performance degradation. Therefore, a gNB-based URLLC indication approach is preferred, e.g. Pre-pucturing indication. Of cource a further study may be needed whether the gNB can be capable to  quickly re-arrange the DCI contents to meet the stringent latency requirements of the URLLC service. 
Proposal: At least an URLLC indication approach avoiding excessive capability requirements to eMBB-only UEs is supported for dynamic eMBB/URLLC multiplxing in which:
· Blind detection of the presence of URLLC transmission on UE side is not required;
· “Self-decoding” design of each HARQ re-transmission version  (analogous to LTE) is retained;
· No obviously extra complexity for eMBB HARQ combining operation on UE side due to eMBB/URLLC multiplexing.

· As a potential solution, pre-pucturing indication approach should be further studied (including the feasibility study to meet the URLLC latency requirement);

· Other approaches are not excluded.
5. Conclusions
Observation 1: Thanks to prior knowledge of presence of URLLC transmission, “Pre-pucturing/On-puncturing indication” obviously outperforms “Post-puncturing indication and HARQ re-transmission”.
Observation 2: Some URLLC indication approaches (e.g. On-puncturing indication and Post-puncturing indication and HARQ re-transmission) for eMBB/URLLC multiplxing may result in an excessive capability requirements and processing burden for the eMBB-only UEs, e.g. blind detection of URLLC presence, complicated HARQ combining.
Proposal: At least an URLLC indication approach avoiding excessive capability requirements to eMBB-only UEs is supported for dynamic eMBB/URLLC multiplxing in which:

· Blind detection of the presence of URLLC transmission on UE side is not required;

· “Self-decoding” design of each HARQ re-transmission version  (analogous to LTE) is retained;

· No obviously extra complexity for eMBB HARQ combining operation on UE side due to eMBB/URLLC multiplexing.

· As a potential solution, pre-pucturing indication approach should be further studied (including the feasibility study to meet the URLLC latency requirement);

· Other approaches are not excluded.
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