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1 Introduction
In 3GPP RAN1#86b [1], the following agreements were reached regarding the multiplexing of URLLC and eMBB services in the DL:
· 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 [2] we have introduced the use of CRC masking in order to enable efficient multiplexing of URLLC and eMBB transmissions. The current contribution further describes how the use of CRC masking can allow for a flexible and simple multiplexing of URLLC and eMBB in the DL and how this can be combined with multi-bit ACK/NACK feedback schemes.
2 Discussion
The main proposal of [2] is to use the CRC mask to embed an indication to the UE about eMBB resource pre-emption. As can be seen in fig. 1, the gNodeB uses a mask that contains bitmap information of the pre-emption per Code Block (CB) -or per group of CBs-. The use of the CRC mask removes the need for a dedicated physical channel to signal pre-emption information.
The de-masking procedure allows the UE to infer which CBs (or group of CBs) have failed due to pre-emption -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. 1: CB masking/de-masking operation when CBs align with eMBB resource pre-emption granularity for URLLC/eMBB MUX.

As can be seen in fig. 1, the assumption is that punctured resources align with the CBs. Such an assumption may not be valid if the eMBB rate matching is not done in a way to align the CBs with the resource granularity of the URLLC puncturing. Mechanisms to handle these scenarios are discussed in the following sections.

2.1 Use of CRC Mask Embedded with Bitmap of the Pre-empted eMBB Resource
Fig. 2 to fig.4 illustrate the possible use of CRC mask embedded with bitmap of the eMBB pre-empted resource granularity. In these figures we consider for simplicity the case when the eMBB pre-empted resources for URLLC transmission granularity corresponds to an OFDM symbol. However, the example can be easily generalized to different resource time/frequency granularities. In this illustration, the CB size doesn’t align with the eMBB pre-empted resource granularity. The CRC mask corresponds to a bitmap of the eMBB resources at the pre-emption granularity which corresponds to 6 bits (6 OFDM symbols), where 0’s correspond to eMBB OFDM symbols that haven’t been punctured and 1’s are OFDM symbols that have so far been punctured at the start of the transmission of the CB which correspond to the CRC being masked. 
The CRC mask does not have to correspond exactly to the bitmap as illustrated in the figures, instead it can be an encoding of the bitmap. The encoding allows to match the CRC length in addition to optimizing the minimum distance between CRC masks.

Fig.2 is the case where no eMBB pre-emption occurs, hence the CRC failure happens due to poor channel conditions. In this case, CRC mask 000000 is used in all CBs. When checking CB#3 and CB#4 CRC, the UE is able to recognize from the CRC masks that no puncturing has occurred in the eMBB transmission and that the CB#2 failure was purely due to poor channel condition. In this case the UE will feedback a NACK to the gNodeB.
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Fig. 2: CRC masking/de-masking when CB do not align with eMBB resource pre-emption granularity for URLLC/eMBB MUX.  No pre-emption case: missed CB due to poor channel condition.
Fig. 3 shows the masking/de-masking procedure when OFDM symbol#2 is punctured for URLLC transmission. In this case, the CRC mask 000000 is used for CB#0 and #1 which transmissions start before the URLLC puncturing happens. On the other hand, CRC mask 001000 which indicates puncturing of OFDM symbol #2 is used for CB#2, #3 and #4 which are transmitted after the puncturing happens.
At the receiver side, the UE is able to decode CB #3 and #4 and to identify that OFDM symbol#2 was punctured. As a result the UE send an ACK to the gNodeB to indicate that the puncturing was detected and the CBs non-affected by the puncturing were decoded correctly. The gNodeB will then only re-transmit the punctured data corresponding to OFDM symbol #2, thus saving re-transmission resources.
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Fig. 3: CRC masking/de-masking when CB do not align with eMBB resource pre-emption granularity for URLLC/eMBB MUX.  Pre-emption case and use of forward de-masking at the UE.
While fig. 3 shows a forward de-masking procedure, i.e. the CRC de-masking is done in the same order in which the CBs were transmitted, fig.4 shows a reverse de-masking procedure in which the de-masking procedure starts from the last symbols. The 2 procedures lead to the same results, however starting from the last OFDM symbol allows the UE to know from the start of the procedure all the resources that were punctured using the CRC mask of the last CB which was decoded correctly and hence simplifying the de-masking procedure compared to the forward de-masking procedure of fig. 3.
Since the CB de-masking can be done at the end of the CB decoding and given that the CRC de-masking is a simple procedure that will take very little time, the reverse de-masking procedure has no impact on the Transport Block (TB) decoding latency.
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Fig. 4: CRC masking/de-masking when CB do not align with eMBB resource pre-emption granularity for URLLC/eMBB MUX.  Pre-emption case and use of backward de-masking at the UE.

It is worth noting that decoding correctly the last CB allows always to identify the pre-emption pattern. Therefore, it is desirable to avoid that the last CB is affected by the puncturing. If the puncturing affects the last CB, the gNodeB can transmit the punctured data in the following slot, in which case the UE can combine the transmitted punctured data with the initial transmission and perform the CRC de-masking procedure as described above. The drawback in this case is the added latency. 
Observation 1: The combination of CRC mask embedded with pre-empted eMBB resources bitmap at the gNodeB and reverse de-masking procedure simplifies the de-masking procedure and has no impact on the latency.

Proposal 1: Use CRC masks embedded with pre-empted eMBB resources bitmap to enable flexible URLLC and eMBB multiplexing in the DL.

2.2 CRC Masking for URLLC & eMBB Multiplexing and Multi-bit ACK/NACK Feedback
The multiple HARQ-ACK/NACK bits feedback is proposed in [3]. Fig.5 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.5, 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 CB NACK is not transmitted or cannot be decoded
· The multi-bit CB NACK: this feedback is only transmitted in case of decoding failure in order to indicate to the gNodeB which CBs needs 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. 5: 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 CB NACK. Given that TB error target is usually set at a relatively low level (~10% for LTE/WCDMA), the probability of collision of the multi-bit CB 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, pre-emption can affect several UEs at the same time. In such a case if CRC masking 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 CB NACK feedback. The use of the CRC masking in this case, allows the UE to distinguish the failures due to pre-emption and send a 1-bit TB ACK without the need for multi-bit CB NACK, hence reducing the collision probability on the multi-bit CB NACK shared resources.

Proposal 2: Use both CRC masking and multi-bit NACK 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 multi-bit NACK feedback. Based on the discussion, the following observations and proposals are given for consideration.
Observation 1: The combination of CRC mask embedded with pre-empted eMBB resources bitmap at the gNodeB and reverse de-masking procedure simplifies the de-masking procedure and has no impact on the latency.

Proposal 1: Use CRC masks embedded with pre-empted eMBB resources bitmap to enable flexible URLLC and eMBB multiplexing in the DL.

Proposal 2: Use both CRC masking and multi-bit NACK to enable efficient eMBB HARQ mechanism in the case of URLLC and eMBB multiplexing. 
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