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1 Introduction

In last RAN1#86 meeting, multiplexing of URLLC and eMBB was discussed and the followings were agreed [1]:
Agreements:
· At least the following potential options should be considered

· At least for shorter transmission UL, semi-static resource sharing between URLLC and eMBB

· FDM and/or TDM manner

· UL grant-free transmission for URLLC

· Other schemes are not precluded

· Dynamic resource sharing between URLLC and eMBB

· For DL, mechanisms to schedule a transmission where the resources of it can overlap with resources of ongoing/scheduled longer transmission at least from network perspective

· FFS: A similar or same mechanism applicability to UL

· Preemption or superposition
· Other schemes are not precluded 

· Scheduling based approaches (e.g., by adapting transmission duration or by using different subbands) to allow multiplexing of different durations of transmission

· UL grant-free transmission for URLLC

· Other schemes are not precluded

· Other mechanisms are not precluded

This contribution discusses dynamic resource sharing between eMBB and URLLC in DL. Multiplexing in FDM and/or TDM manner between eMBB and URLLC is discussed with numerology consideration in our companion contributions [2][3].
2 Dynamic resource sharing between URLLC and eMBB
For sub-6GHz, it is highly expected that eMBB data will be transmitted via relatively longer TTI (transmit time interval) while URLLC data will be transmitted via very short TTI to meet quite stringent latency requirement. If URLLC traffic is sporadic, reservation of URLLC resources in FDM and/or TDM could be inefficient in viewpoint of system throughput. Thus, in the situation that different time intervals can coexist dynamically, mechanisms to schedule a URLLC transmission where the resources of it can overlap with resources of ongoing/scheduled longer eMBB transmission are necessary. In last RAN1#86 meeting, two alternatives were introduced; one is preemption (e.g., eMBB puncturing) and the other is superposition.
2.1 Alternatives for dynamic resource sharing
Preemption (eMBB puncturing)
With the preemption, URLLC is supported by using the resource already scheduled for eMBB. Figure 1 shows an example where a resource already scheduled for eMBB data is vacated and re-mapped for newly-arrived URLLC data. If the same transport block (TB) and code block (CB) structure as in LTE are assumed, decoding for some code blocks of eMBB data is likely to fail. In [4], some performance evaluation results are included. If one transport block is composed of a few code blocks and the eMBB receiver does not know any information on puncturing, it is found that eMBB BLER performance can be severely degraded as shown in [4]. In this case, how to restore this eMBB data can be the main issue.
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Figure 1: Example of puncturing of eMBB data for URLLC transmission
Superposition
With the superposition, URLLC is supported by using the resource already scheduled for eMBB, too. Figure 2 shows an example where a resource region already scheduled for eMBB data is partially or fully superposed with newly-arrived URLLC data. Unlike eMBB puncturing, the URLLC receiver as well as the eMBB receiver can suffer from interference incurred by superposition. Therefore, interference suppression techniques such as MMSE-IRC (minimum mean square error interference rejection combining), symbol-level IC (interference cancellation), and IAD (interference aware detection) should be considered for both the two receivers. In this case, the feasibility of superposed URLLC transmission should be checked in the first step. Then, a good trade-off point between eMBB and URLLC performances should be found by controlling superposition parameters such as the number of superposed symbols, power ratio between superposed symbols, and so on. Our companion contribution [5] is dealing with these issues. The eMBB data recovery is also an issue in this case.
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Figure 2: Example of superposition with eMBB data for URLLC transmission

2.2 eMBB data recovery methods
Since the latency requirement for eMBB is not tight as much as for URLLC, HARQ re-transmission can be thought as the easiest way to recover eMBB data contaminated by puncturing or superposition. However, as shown in our companion contribution on HARQ re-transmission [6], if the eMBB receiver does not know any information on puncturing, BLER performance after HARQ combining can be still quite degraded. Therefore, some kinds of non-transparent methods such as signaling or advanced frame structure design would be necessary. The possible solutions are as follows.
HARQ retransmission of eMBB with explicit signaling on the contaminated region
As discussed in [6], the eMBB receiver with HARQ combining without any information on puncturing or superposition for the first transmission may not obtain acceptable performance within a few retransmissions. Therefore, if the gNB can inform the eMBB receiver its puncturing/superposition of the initial transmission at a certain stage (e.g., via eMBB control channel for HARQ retransmission, etc.), the eMBB receiver can discard LLR data of it when applying HARQ combining. Detailed signaling mechanisms could be studied further.
Proposal 1: Study control signaling methods for HARQ retransmission of contaminated eMBB data.
Partial retransmission of eMBB before receiving HARQ-ACK
By using preemption and superposition methods described in the above, eMBB data can be failed in decoding because a part of the eMBB data is not transmitted or is superposed. In this case, for eMBB data recovery, the following three alternatives for retransmission methods can be considered.

· Alt 1-1. Broken eMBB data is discarded and another initial transmission is performed.

· Alt 1-2. All broken TBs of eMBB data is retransmitted as LTE.

· Alt 1-3. Small part of eMBB data including broken CB is retransmitted.

Since Alt 1-1 and Alt 1-2 can be very inefficient, Alt 1-3 is going to get focused here. This partial retransmission may be applied to normal HARQ procedure for eMBB transmission. But, in this contribution, the partial retransmission due to eMBB-URLLC collision, e.g., by preemption and superposition, is only considered.  

Regarding the partial retransmission, the following alternatives can be considered for the timing of retransmission. 

· Alt 2-1. Retransmission based on UE HARQ-ACK feedback
For facilitating partial retransmissions, UE can be configured to report multiple A/N bits for the scheduled eMBB TTI comprising multiple slots, one bit per TB/CB (TB if one TB is transmitted per slot; CB if one CB is transmitted per slot). 
· Alt 2-2. Retransmission without waiting UE HARQ-ACK feedback

When the gNB schedules URLLC in the eMBB resources, the gNB can be expect that the part of eMBB data where URLLC is transmitted will be broken. In this case, the gNB does not need to wait UE HARQ-ACK feedback. Even if punctured or superposed eMBB part is not broken, the retransmission before UE HARQ-ACK can help eMBB decoding in high probability. 
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Figure 3: Example of partial retransmission of eMBB data

 Figure 3 provides an example of partial retransmission explained in the above. In eMBB TTI n, a gNB schedules eMBB data for UE1. During eMBB TTI n, since URLLC data is suddenly arrived, the gNB schedules URLLC by puncturing a part of eMBB data that was already planned to be transmitted. In this case, the punctured part of eMBB data is not transmitted or is partially transmitted. Then, in eMBB TTI n+1, the gNB re-schedules only the punctured part of eMBB data, where this retransmission can be called autonomous partial retransmission or partial retransmission without HARQ-ACK feedback.  In eMBB TTI n+1, the gNB schedules eMBB data for the other UE, e.g., UE2 with indicating the starting position of eMBB data for UE2. In LTE, there is RRC configuration for PDSCH starting position. Similar to that, NR can introduce dynamic indication of PDSCH starting position.

Proposal 2: Study the following options for supporting partial retransmissions of eMBB

· Option 1: TB/CB level HARQ-ACK feedback;

· Option 2: Partial retransmission without HARQ-ACK feedback.

URLLC arrival indication for eMBB
If an eMBB UE does not know when and where URLLC data are punctured, the punctured part of eMBB data for URLLC data would be failed to decode. Also, it is more problematic that DM-RS for eMBB data is contaminated for URLLC. That is, the entire eMBB data including the punctured eMBB data would not be decoded when resource elements of DM-RS for decoding eMBB data are replaced to URLLC data itself or DM-RS for decoding URLLC data. Besides, an eMBB UE might report erroneous CSI measurement if CSI is measured in punctured resources for URLLC. Therefore, an eMBB UE has to know when URLLC data are punctured. Otherwise, a gNB needs to avoid puncturing those essential REs of eMBB. If eMBB and URLLC have different TTI due to different delay requirement, control region and data region for URLLC could be located in eMBB data region having a few candidate resources, as shown in Fig. 4(a). Herein, in URLLC control region, URLLC arrival indication is also delivered for eMBB UEs. Instead of DCI type indication in Fig. 4(a), preamble for indication of URLLC arrival can be used (similarly as PCFICH) as shown in Fig. 4(b). This method can also help URLLC UEs, as URLLC UEs are required to decode only a small number of bits first which is going to be computationally less burdensome before decoding full PDCCH in every URLLC slot. In this regards, it is proposed to study URLLC arrival indication for eMBB UEs.

 [image: image4.png]Control region for
eMBB and URLLC

Control region for

URLLC

Frequency

URLLC
data

eMBB data

eMBB data

Time




   [image: image5.png]Preamble

DCI

Frequency

URLLC TTT

URLLC
data

Time

DM:




(a)                                                                                 (b)

Figure 4: Example of URLLC arrival indication in (a) URLLC control region and (b) preamble

Proposal 3: Study URLLC arrival indication structure for eMBB protection and for URLLC complexity reduction.

3 Conclusion
In this contribution, dynamic resource sharing methods between eMBB and URLLC in DL are discussed. The proposals are as follows.
Proposal 1: Study control signaling methods for HARQ retransmission of contaminated eMBB data.

Proposal 2: Study the following options for supporting partial retransmissions of eMBB

· Option 1: TB/CB level HARQ-ACK feedback;

· Option 2: Partial retransmission without HARQ-ACK feedback.

Proposal 3: Study URLLC arrival indication structure for eMBB protection and URLLC complexity reduction.
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