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1 Introduction

At RAN1#87, the possibility of URLLC DL transmission at already scheduled eMBB DL resources was agreed. At the previous RAN1 NR AdHoc#1 meeting, the consensus was achieved regarding the need of preemption indication with details FFS:
Agreements:
	RAN1 NR AdHoc#1

· 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
· DL dynamic resources 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
· RAN1 will down select following options to utilize HARQ-ACK feedback with more than one bit per TB until the next meeting

· Option 1: CB-group based re-transmission (Samsung) 

· Option 2: Decoder state information feedback (Nokia)

· Option 3: CB-level outer erasure code (Qualcomm)

· Option 4: Any combination of Option 1-3

· Other options are not precluded

· Note that if RAN1 will not reach consensus in the next meeting, no support of utilization HARQ-ACK feedback with more than one bit per TB in Rel-15




In this contribution, we analyze aspects relevant to DL multiplexing of URLLC and eMBB transmissions. Other aspects related to NR URLLC are discussed in our companion contributions [1]-[3].
2 Indication Mechanisms

As it was agreed last meeting, the two main indication options are considered:

1) Explicit indication. We assumed this option covers signaling of time-frequency resources impacted by preemption.
2) Implicit indication. We assume this option covers UE-based detection of preemption without signaling.
From UE complexity perspective, the mechanism should provide the same complexity as without URLLC service enabled. Therefore, the efforts of detecting the preemption need to be minimized. In that case, the explicit coherent processing is more beneficial. Additionally, as it is pointed in [1], the explicit indication may be commonly used for both DL and UL preemption indication. Thus, the explicit indication is a more attractive scheme for NR.

At RAN1#86bis it was agreed to signal reserved resources with further details FFS [4]. The indication of preemption can be classified as signaling of reserved resources that can provide common mechanism for both eMBB/URLLC multiplexing and forward compatibility with new technologies. From eMBB/URLLC multiplexing point of view, the following properties are required in terms of physical format and carried information.
Physical format

Explicit physical layer signal is assumed, as it was concluded above. The indication itself may be represented by a DCI format, while the physical channel which carries this format may differ depending on usage scenarios and configuration. For example, the slot-based NR PDCCH located in the start of each slot may be used for DCI format transmission. In other scenario, this DCI format may be carried by mini-slot level NR PDCCH in order to indicate the preemption during the eMBB TTI. See in Figure 1 the examples of both indications.
Since this indication channel is processed by eMBB UEs, it is natural to use eMBB numerology in order to simplify the UE-side processing.
Linkage to preempted resources

Although the preemption indication should be explicit, both implicit and explicit linkage with the preempted resources may be considered:

· Linkage with preempted resources:
· Timing relation. For example, for DL eMBB and URLLC multiplexing the reservation signal may point to frequency resources located in the same symbols where the reservation signal is detected (as illustrated in Figure 1). The signal may also point into future or past resources depending on scenario, e.g. it may be carried in a slot control part and point to the reserved resources in the previous slot.

· Frequency sub-band relation. In case of wideband operations, the signal may be located near the preempted sub-band.

· Signaling content:

· If the implicit relation is not applied, then the time-frequency resources need to be signaled explicitly. At least preempted symbols need to be indicated assuming URLLC may typically be wideband.

· Transmission direction (DL or UL or e.g. SL). In our companion contribution [1] we discuss the usage of reservation signaling for eMBB and URLLC multiplexing in UL. In our view, the signaling of DL and UL reserved resources may be done in a common way, thus a differentiation of transmission direction is needed.

· Puncturing or rate-matching. Depending on timing relation with the resource reservation indication, the resources at TX side may either be punctured or rate matched.

· Puncturing: In case the reservation occurs on resources which transmission already scheduled, the puncturing type is used since there is no chance to update the resource element mapping because a part of the transmission was done in other assumptions.

· Rate-matching: In case the reservation occurs on resources which are not yet scheduled, the rate matching around the reserved resources may be exploited.

Processing latency requirement

Depending on application and UE capability, these reservation signals may be mandated to be processed with different latency. For example, in case of self-contained slot structure, it is desirable to process the indication with minimum delay in order to be able to send actual feedback information to gNB. In other cases, the search for the preemption signaling may be triggered only if the decoding fails.
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Figure 1. Example of a reservation signal for URLLC and eMBB multiplexing.

Proposal 1
· Explicit reserved resources signaling is used for indication of preempted resources
· At least preempted symbols are indicated
· Monitoring occasions of reserved resources signaling are configured to a UE

· At least mini-slot level and slot level monitoring are possible to configure
3 Techniques for Recovery
A basic technique for recovery is HARQ retransmission. In the last meeting, single-bit HARQ feedback was agreed, while the multi-bit feedback is going to be discussed this meeting. Depending on whether the multi-bit HARQ will be supported as a basic mode of operation, it may or may not be needed to consider additional techniques for improving robustness to time-domain interference.
3.1 Single-bit HARQ feedback assumption

In case only single-bit HARQ feedback is supported in NR for typical mode of operation, additional techniques for recovery from time-selective interference/puncturing may be needed. In this section we analyze whether changed CB mapping order can provide better performance under assumption of TB-level retransmission. The following schemes are analyzed:
· Scheme 1. Frequency-first mapping (LTE-like).

· Scheme 2. Block time-first mapping. For this scheme, the time-first mapping is done by blocks of 4 symbols.

· Scheme 3. Pseudo-random time-frequency mapping.

The comparative analysis of these schemes is shown in Figure 2. The detailed link level evaluation assumptions can be found in Appendix A. The evaluated eMBB physical structure is illustrated in Appendix B.
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Figure 2. Analysis of different RE mapping with puncturing and TB-level retransmissions.

Observation 1

· Pseudo-random time-frequency RE mapping order provides the best performance among the considered schemes.
· Frequency-first codeblock RE mapping has the worst performance in case of TB-level retransmissions.

Proposal 2

· In case of single-bit HARQ feedback, further study distributed RE mapping schemes.

3.2 Multi-bit HARQ feedback assumption

In this section we consider the frequency-first time-second RE mapping order only, assuming the frequency-first or block/group time-first mapping is used as a better solution in usual frequency selective environment and also considering the processing latency and complexity implied by TB-level interleaving. In this case, preemption by a short URLLC mini-slot will affect only a few codeblocks. It was argued, that in this case, CB-level or CB-group level retransmissions may provide better performance due to potentially much smaller amount of resources which will be required for retransmissions.
In order to check these considerations, we evaluate the following two retransmission schemes in case of preemption:

· Scheme 1. Transport block retransmission.

· Scheme 2. Codeblock retransmission.

In order to compare these schemes, we plot throughput curves derived from the BLER vs. SNR and present them in Figure 3. 
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	Figure 3. Transport block vs. code block retransmissions.


Observation 2
· CB-level HARQ retransmissions provide better performance in all considered MCS assuming ideal feedback and frequency-first code block mapping.
In our companion contribution [5] we discuss the benefits of using the multi-bit HARQ feedback for other purposes like outer-erasure coding and decoder state information signaling. There we conclude that CB-group level retransmission schemes is the most promising candidate for usage of the multi-bit feedbacks. In the analysis above we confirmed that there are benefits in such approach. Therefore, we propose the following:
Proposal 3
· In case if multi-bit HARQ feedback is supported by NR, CB-group HARQ retransmissions are used for recovery from preemption events.
4 Conclusions

In this contribution, we discussed the issue of DL URLLC and eMBB multiplexing. Based on the discussion and analysis, we have the following proposals:
Proposal 1

· Explicit reserved resources signaling is used for indication of preempted resources

· At least preempted symbols are indicated

· Monitoring occasions of reserved resources signaling are configured to a UE

· At least mini-slot level and slot level monitoring are possible to configure

Proposal 2

· In case of single-bit HARQ feedback, further study distributed RE mapping schemes.

Proposal 3

· In case if multi-bit HARQ feedback is supported by NR, CB-group HARQ retransmissions are used for recovery from preemption events.
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Appendix A – Evaluation Assumptions 

	
	eMBB
	URLLC

	Channel model
	CDL-A, 100 ns, low Doppler
	-

	MCS
	QPSK, TBS 14112
16QAM, TBS 17568

16QAM, TBS 28336

64QAM, TBS 39232

64QAM, TBS 51024
	-

	Numerology
	SCS = 15 kHz

CP – normal
	SCS = 60 kHz

CP – normal

	Scheduling unit
	Slot of 14 symbols (13 useful in order to account for CCH)

100 PRB
	Mini-slot of 4 symbols with boundaries aligned to eMBB symbols.

Appears in every slot in wideband.

	Channel coding
	LTE CTC
	-

	RX antenna
	2 RX, high correlation
	-

	TX antenna
	1 TX
	-

	RS signals
	CRS-like
	-

	Retransmissions
	1 ReTX, Incremental Redundancy
	-


Appendix B – eMBB Physical Structure for Evaluation
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Figure 4. Evaluated eMBB PRB structure
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Figure 5. Codeblocks location in case of frequency first mapping.
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