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1 Introduction
In 3GPP RAN1 NR Ad-Hoc [1], the following agreements were reached regarding the multiplexing of URLLC and eMBB services in the DL:
· 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
In RAN1 #88 [2] further agreement was made:

· Indication can be dynamically signaled to a UE, whose assigned downlink resources have  partially been preempted by another downlink transmission, to increase the likelihood of successful demodulation and decoding  of the TB(s) transmitted within the above mentioned assigned resource

· The indication may be used to increase the likelihood of successful demodulation and decoding of the transport block based on the pre-empted transmission and/or subsequent (re)-transmissions of the same TB

In [3] we have introduced the use of CRC masking in order to enable efficient multiplexing of URLLC and eMBB transmissions.
In the current contribution we present our views on use cases of CRC masking and dedicated control for post indication of the preempted region. We also present our views on how the preemption indication can be combined with multi-bit ACK/NACK feedback schemes.
2 Discussion
The main proposal of [3] is to use the CRC mask to embed an indication to the UE about eMBB resource preemption for URLLC transmission. Explicit indication of the preempted region using dedicated control was also proposed in [4]. Although it was shown in [3] that CRC masking can be used even for cases where the eMBB preempted region does not align with the Code Blocks (CB)/Transport Blocks (TB) boundaries, the use of dedicated control indication allows for more granularity in the signalling of the preempted region when the preemption does not align with the CB/TB boundaries, as illustrated in Fig. 2. CRC masking on the other hand is better suited for the case of Fig. 1 where the preemption aligns with the CB/TB boundaries.
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Fig. 1: eMBB/URLLC DL multiplexing with eMBB preempted region aligning with the CB/TB boundaries. (A) Preemption aligning with CB boundary. (B) Preemption aligning with Mini-slot/TB boundary.
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Fig. 2: eMBB/URLLC DL multiplexing with eMBB preempted region not aligning with the CB/TB boundary.
2.1 Use of CRC Masking for Indication when CB/TB Boundary Aligns with eMBB Preempted Region
The eMBB/URLLC DL multiplexing can be designed in a way such that the eMBB preempted region for URLLC transmission aligns with CB/TB boundary. This can be achieved either via rate matching such that the CB boundary aligns with the preemption region (see Fig. 1 (A)), or via Mini-Slot aggregation where Mini-Slot/TB aligns with the preemption region (see Fig. 1 (B)).

In such a case, CRC masking can be used as a simple way for indication without requiring additional overhead. In Fig. 3, one possible method of CRC masking for indication is illustrated. The gNodeB uses a mask that contains a bitmap information of the pre-emption per Code Block (CB) -or per group of CBs-. At the UE side, the de-masking procedure infers which CBs (group of CBs/TB) have failed due to preemption -puncturing- and which ones have failed due to poor channel conditions by trying to match the correct masking sequence. In case all the CBs CRC do pass apart for the CBs that were pre-empted, the UE sends an ACK, therefore signalling to the gNodeB to only re-transmit the punctured data.
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Fig. 3: CRC masking/de-masking operation when CBs/TBs align with eMBB resource preemption granularity for URLLC/eMBB MUX.
The method illustrated in Fig .3, requires that the eMBB CB/TBs CRC mask content is changed on-the-fly with a latency similar to the URLLC TTI duration. An alternative, is that the CRC mask is fixed corresponding to a counter of CB/TB. For this alternative, the preemption is accompanied with delaying of the transmission of the remaining CBs/TBs as illustrated in Fig, 4. Similar to the case of Fig. 3, the UE uses the de-masking procedure to identify the puncturing pattern and sends an ACK to signal to the gNodeB that all transmitted CBs/TBs were received correctly.
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Fig. 4: CRC masking/de-masking operation when CBs/TBs align with eMBB resource preemption granularity for URLLC/eMBB MUX.
Observation 1: Use of CRC mask embedded preemption information is an explicit indication with no need for a new physical control signalling.
Observation 2: The use of CRC mask embedded with preemption information is perfectly suited for use in cases where the preemption region aligns with CB/TB boundary, as is the case of Mini-Slot bundling.
Proposal 1: Use CRC mask embedded with embedded preemption information during current eMBB TTI to enable flexible URLLC and eMBB multiplexing in the DL.
2.2 Use of Dedicated Control Indication when CB/TB Boundary does not Align with eMBB Preempted Region

When the preempted region does not align with the CB/TB boundary, as in the case of Fig. 2, the CRC mask does not allow to indicate exactly the preempted region. In such a case, a dedicated control indication maybe required either instead of the CRC mask indication or in complement to the CRC mask in order to help with the decoding and ACK/NACK signalling. This indication, can be transmitted during the current eMBB TTI (Fig. 5 (A)) or immediately in the following TTI (Fig. 5 (B)). For the indication within the following TTI this can be done using the NR-PDCCH.
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Fig. 5: Dedicated Control Indication Options. (A) Indication within TTI, (B) Indication in the following TTI

Proposal 2: Use Dedicated Control Indication for signalling of the preemption information during current eMBB TTI or the following TTI to enable flexible URLLC and eMBB multiplexing in the DL.
2.3 Preemption Indication for URLLC & eMBB Multiplexing and Multi-bit ACK/NACK Feedback
The multiple HARQ-ACK/NACK bits feedback is proposed in [5]. Fig. 6 illustrates a variation which we call multi-bit NACK feedback scheme. The multi-bit NACK feedback has the advantage of reducing the overhead for finer granularity ACK/NACK feedback. As shown in fig. 6, in the proposed scheme the overall ACK/NACK feedback is composed of:

· 1-bit TB ACK/NACK: this feedback corresponds to the LTE legacy feedback, it is encoded to achieve a relatively low miss detection probability in order to guarantee full reliability even when the multi-bit CBG NACK is not transmitted or cannot be decoded
· The multi-bit CBG NACK: this feedback is only transmitted in case of decoding failure in order to indicate to the gNodeB which GCBs need to be re-transmitted. This feedback can have a relatively light encoding to reduce overhead. The transmission of the multi-bit NACK feedback can be disabled by the network to reduce overhead or by the UE to save power particularly at the cell edge.
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Fig. 6: Multi-bit NACK scheme
The multi-bit NACK feedback scheme allows to achieve a good compromise between reliability, overhead and performance. In particular, multiple UEs can share the same uplink resources for the transmission of the multi-bit CBG NACK. Given that the TB error target is usually set to a relatively low level (~10% for LTE/WCDMA), the probability of collision of the multi-bit CBG NACK feedback among users is relatively low, thereby keeping the overhead of multi-bit NACK scheme at a very low level while providing most of the desired system performance gain.
In case of URLLC/eMBB multiplexing in the DL, if eMBB transmissions for multiple UEs are multiplexed on the same slot/TTI, preemption can affect several UEs at the same time. In such a case, if preemption indication is not used, all the UEs will send 1 bit TB-NACK and collide on the uplink resource shared for the transmission of the multi-bit CBG NACK feedback. The use of the preemption indication in this case, allows the UE to distinguish the failures due to preemption and send a 1-bit TB ACK without the need for multi-bit CBG NACK, hence reducing the collision probability on the multi-bit CBG NACK shared resources.

Proposal 3: Multi-bit NACK feedback with preemption indication is used to enable efficient eMBB HARQ mechanism in the case of URLLC & eMBB multiplexing.
3 Conclusion
In this contribution, we provided discussions on the support of URLLC/eMBB DL multiplexing using CRC masking and/or dedicated control indication. Based on the discussion, the following observations and proposals are given for consideration.
Observation 1: Use of CRC mask embedded preemption information is an explicit indication with no need for a new physical control signalling.
Observation 2: The use of CRC mask embedded with preemption information is perfectly suited for use in case preemption region aligns with CB/TB boundary, as is the case of Mini-Slot bundling.
Proposal 1: Use CRC mask embedded with embedded preemption information during current eMBB TTI to enable flexible URLLC and eMBB multiplexing in the DL.
Proposal 2: Use Dedicated Control Indication for signalling of the preemption information during current eMBB TTI or the following TTI to enable flexible URLLC and eMBB multiplexing in the DL.

Proposal 3: Multi-bit NACK feedback with preemption indication is used to enable efficient eMBB HARQ mechanism in the case of URLLC & eMBB multiplexing. 
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