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Introduction
In RAN #71, the technology study item for 5G new RAT (NR) has been approved [1]. URLLC (ultra-reliable low latency communication) requirements has been discussed in RAN plenary in June 2016. In RAN1#86bis and RAN1#87 the following agreements were made regarding URLLC and eMBB multiplexing and mini-slot designs:
Agreements:
· 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
Agreements:
· For DL, dynamic resource sharing between URLLC and eMBB is supported by transmitting URLLC scheduled traffic
URLLC transmission may occur in resources scheduled for ongoing eMBB traffic
In this contribution, we discuss the grant-based DL URLLC/eMBB dynamic multiplexing schemes for both DL and UL. For UL transmission, grant-free based URLLC design is discussed in [5].
Preemption multiplexing of eMBB and URLLC in DL
Dynamic resource sharing between URLLC and eMBB (such as pre-emption, puncturing or superposition) is an essential feature that NR has adopted to serve different service types of very different latency, reliability and efficiency requirements in order meet 5G URLLC and eMBB requirements respectively. Static/semi-static resource partitioning between URLLC and eMBB, e.g., through FDM-ing, URLLC and eMBB would lead to low system efficiency as we showed in previous contributions [4]. Dynamic eMBB and URLLC multiplexing needs to be performed at a mini-slot granularity to get the most efficient multiplexing scheme. For example, it is shown that 2/4-symbol mini-slot of 60kHz SCS provides significant capacity gain in URLLC compared with slot based URLLC scheduling in previous contributions [3], [4]. To better serve URLLC design in both the first and future releases, additional control signaling is desired to indicate where URLLC pre-emption happens.
We propose to support both indication and non-indication approach in NR for better performance and efficiency.
Proposal 1: Both indication and non-indication approach for eMBB/URLLC multiplexing should be supported in NR.
Non-indication Approach
The non-indication approach is attractive owing to its low signaling overhead. Several methods can be considered to improve the eMBB performance and handle gracefully and efficiently the impact of preemption, such as outer-code or CB-level retransmission. For DL, it is shown by quite a few companies, eMBB may be able to handle the URLLC multiplexing even w/o indication. For CB-level HARQ retransmission, the gNB will retransmit the CBs that were impacted based on the feedback from the UE.  For outer code, the gNB could perform additional parity encoding at the code-block level, and transmit parity CBs in the same slot and/or retransmit parity CBs in the retransmission slot. The UE identifies the impacted CBs, and either recover it using the additional parities at the code-block level, or requests a retransmission and try to recover these CBs in the upcoming slots.
Indication-based Approach
As shown by many companies, the indication-based multiplexing approach is beneficial for both URLLC and eMBB UEs at the cost of indicator overhead. In most cases, this overhead in terms of the throughput loss of eMBB UEs could be justified. This is especially the case for eMBB/URLLC UL dynamic multiplexing, where eMBB backoff/mute transmission based on indication is crucial to ensure high reliability for URLLC transmission. Types of indicated information and ways of indicating URLLC presence need to be studied further. The indication types could be simple (coarse granularity) or more detailed, e.g., it could be an indication of preemption per-symbol/per-mini-slot/per-UE/per-subband, etc. Furthermore, this indication can be either broadcast/multicast or unicast when specified to applications.
Note though, the pre-emption recovery mechanism described in the previous subsection, such as outer coding, CB-HARQ still applies with the assistance of indication signaling.
When indication-based approach presents, the gNB and UE operational behaviors are summarized as follows:
1. When URLLC traffic arrives, the gNB preempts the resources of eMBB for the URLLC transmission and transmits the (pre/current or post) indication. 
2. When eMBB user is scheduled, this user identifies whether there is a preemption indication, decodes this indication and adapts its data processing accordingly. That is, this user could try to recover the impacted eMBB data (via coding protection technique) or request additional information to recover the impacted data.
3. URLLC UE needs to monitor the pre-configured indication channel for potential URLLC grant.

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Observation 1: The information types of indication and the approach of indicating need further study. 
Current indication of preemption
We know that time multiplexing of eMBB and URLLC at slot level could fundamentally violate the low latency requirement, or make it more difficult to fulfill this requirement. On the other hand, reserve frequency domain resources for URLLC traffic could limit the overall system capacity. Motivated by this, we propose to do resource reservation for URLLC control/indication channel, which can only carry indication information and URLLC grant information. In particular, if the indication is in the current slot and aligned with the occurrence of URLLC traffic, the indication could be in a separate physical layer channel that contains such indication, which could be, for example, FDM-ed with regular eMBB data. See Figure 1 for an illustration.  When an eMBB UE is scheduled, it could monitor that physical channel to get the required information. In addition, in this case, URLLC UEs could also get the benefit of monitoring indication channel to see if there is a potential grant without attempting to decode the actual control grant for UE power saving.
Proposal 2: time-frequency resource could be reserved for URLLC indication and control channel.
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Figure 1. control region reserved for preemption indication.
Instead of strict reservation of the resource for URLLC control, the un-used resource in the reserved frequency region could be used for URLLC traffic and/or eMBB traffic where URLLC can puncture eMBB traffic to accommodate URLLC data peaks. See Figure 2 as an illustration. Puncturing indication shall be carried in the URLLC control channels. Both URLLC UE and eMBB UE could detect indicators from URLLC control channels. Furthermore, to protect eMBB traffic, an eMBB reserved region and an eMBB/URLLC contention region could be defined. URLLC could puncture eMBB traffic in the contention region.
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[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Figure 2. URLLC indicator and traffic with puncturing on eMBB band.
Proposal 3: URLLC reserved region can be used to schedule URLLC control and URLLC data; in the contention region, URLLC can puncture eMBB if needed. 
Post-indication of pre-emption
As already described above, if the pre-emption indication is in the current slot and time-aligned with the occurrence of URLLC traffic, the indication could be in a separate physical layer channel that contains such indication. In this case, when an eMBB UE is scheduled, it could monitor that physical channel to get the required information. 
If the pre-emption is in later slot, then the indication could be in some control channel or a separate channel and could be unicast/multicast to different UEs. Both UE-specific or common control, and/or introducing a new physical channel should be evaluated further. However, a later-slot indication may not provide the best gains for eMBB users that need to perform same-slot ACK turn-around and it could not be used to reduce URLLC control monitoring complexity, in which case it should be preferred a current-indication to be used at least for such UEs.
Observation 2: Additional benefits are expected if the pre-emption indication is transmitted before the eMBB UE reports ACK/NAK.
A UE doing same-slot eMBB HARQ response could potentially have the post indicator towards the end of the data region of the same slot, depending on the UE capability. Then, both URLLC UEs and eMBB UEs will have time to adjust the ACK reply within the same slot. See Figure 3-(a) for an illustration.
A UE doing next slot(s) HARQ response can have the post indicator in the common control channel of next slot. An alternative option would be to transmit the post-indication as a separate package and grant using a mini-slot during the common control of the next slot. The common control region is narrowband so there is space left to transmit the indication with a mini-slot structure. See Figure 3-(b) for an illustration.
Proposal 4: Post-indication of URLLC preemption should be further evaluated. The timing of the indicator could be aligned with eMBB UE HARQ timeline.   
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(b)
Figure 3. Schemes of post-indication of preemption

Inter-cell interference considerations for eMBB/URLLC multiplexing
In the previous sections, we discussed the approaches to deal with intra-cell interference between URLLC and eMBB. In particular, URLLC indicator is necessary to protect eMBB data by recovering or removing punctured data. In this section, we discuss the effect of inter-cell interference. 
One the one hand, in the interference-limited environment, an eMBB UE may experience interference from neighbouring URLLC puncturing mini-slot. This effect is much similar with the intra-cell interference due to the URLLC puncturing. However, gNB may not have scheduling information from neighbour cells and hence it is desirable to have a unified approach to handle both pre-emption and bursty interference in a unified way. We see that outer coding and CB-HARQ are robust schemes to handle both. In contrast, some alternative schemes such as intra-slot retransmission may only work for pre-emption based multiplexing scheme due to the lack of neighbour cell scheduling information, there is no way for gNB to know URLLC bursty interference from all neighbour cells and perform same-slot retransmission.
On the other hand, interference management through network coordination is also needed to ensure high reliability for URLLC. A cell-edge URLLC UE could significantly suffer from simultaneous downlink eMBB transmission of full-power in neighbouring cells (In NR dynamic TDD systems, this inter-cell interference on downlink URLLC mini-slot might be even worse). To protect URLLC traffic, study of mitigating/coordinating inter-cell interference is needed for both FDD and TDD systems. Different from conventional inter-cell interference schemes, this scheme needs to fully take the latency requirement into account.
One potential solution for URLLC interference management is outlined as follows: when URLLC is present in the vicinity, all neighboring eMBB cells shall monitor URLLC ACK/NACK over-the-air. If NACK received, neighboring cells need to (partially) yield or perform power-fallback in the next slot/mini-slot where gNB will potentially re-transmit URLLC data.
Proposal 5: Inter-cell interference management is considered in URLLC/eMBB multiplexing design. 
Conclusion
Proposal 1: Both indication and non-indication approach for eMBB/URLLC multiplexing should be supported in NR.
Observation 1: The information types of indication and the approach of indicating need further study.
Proposal 2: A narrowband control channel, FDMed with eMBB, can be reserved for URLLC puncturing indication.
Proposal 3: A narrowband channel, FDMed with eMBB, can be semi-statically scheduled for URLLC where URLLC can puncture eMBB band if needed.
Observation 2: Additional benefits are expected if the preemption indication is transmitted before the eMBB UE reports ACK/NAK.
Proposal 4: Post-indication of URLLC preemption should be further evaluated. The timing of the indicator could be aligned with eMBB UE HARQ timeline.   
Proposal 5: Inter-cell interference management is considered in URLLC/eMBB multiplexing design. 
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