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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 and #88 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
Agreements:
· 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 this contribution, we discuss concrete indication channel design for URLLC/eMBB downlink dynamic multiplexing.
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]Indication channelization design
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK7]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 to meet 5G URLLC and eMBB requirements respectively. Static/semi-static resource partitioning between URLLC and eMBB, e.g., through FDM-ing between URLLC and eMBB, would lead to low system efficiency as we showed in previous contributions [4]. Alternatively, dynamic eMBB and URLLC multiplexing can 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.
As shown by many companies, the indication-based multiplexing approach is beneficial for both URLLC and eMBB UEs at the cost of indicator overhead. As discussed in our previous contributions [6], the current and/or post indication schemes should be considered. See Figure 1&2 for examples of current and post indication, respectively.
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Figure 1. Scheme of current-indication of preemption
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Figure 2. Schemes of post-indication of preemption: (a) post-indication occurs at the last symbol of the current slot; (b) post-indication occurs at the control channel of the next slot.
In particular, current indication draws much attention due to its low processing latency. The current indication could be per mini-slot or per a few mini-slots. The indication periodicity could be configured semi-statically (via RRC) or dynamically (via PDCCH). In what follows, we discuss two major formats of indication channel based on its allocation w.r.t. the eMBB data: separated from or embedded in eMBB data. 
Proposal 1: Indication channel for URLLC/eMBB DL multiplexing could be separated from or embedded in eMBB data. 
[bookmark: _GoBack]Separate indication from eMBB data
[bookmark: OLE_LINK16]We consider an independent indication channel separated from eMBB data. The information carried in this indication channel could be wide-band based, sub-band based, RB-based or UE specific. If wide band or sub-band based, this indication applies to all UEs in the wideband or a set of sub-bands. The payload can be small due to its broadcast or multicast nature. However, a positive indication will influence all RBs even though some of them are not used/punctured by URLLC UEs, leading to resource waste and performance degradation of eMBB UEs. If RB-based, the indication indicates puncturing on per RB or per RB group basis, e.g, every 4 RBs. For a wideband NR, however, the payload of this indicator can be large. If UE-specific based, the indication indicates puncturing on per UE basis. Clearly, this requires very large payload if a large number of eMBB UEs are scheduled. 
Observation 1: Indication channel could indicate wide-band based, sub-band based, RB-based or UE specific puncturing information. FFS the tradeoff between performance and payload of each scheme.
For the indication channel structure, we consider reusing the LTE UL long burst, UL short burst or group-common-control type of structures at slot level and applying them to the mini-slot level.
1. UL long burst structure:  In this scheme, DMRS is shared for all indications across all the mini-slots to reduce RS overhead. See Figure 3. Indication bits may be separately encoded or jointly encoded. Note that, joint encoding provides better performance in terms of decoding reliability but needs to tolerate delayed decoding, which requires buffering PDSCH for at least a few mini-slots. On the other hand, separate encoding is enable to support instantaneous decoding of indication bits.   
2. UL short burst structure:  This scheme applies short burst indication channel where each short burst can have DMRS or use the shared DMRS from other short bursts. See Figure 4. In addition, short burst supports instantaneous decoding of indication bits. 
3. [bookmark: OLE_LINK24]PCFICH-type structure: In this scheme, group common PDCCH can be used in every mini-slot or every a few mini-slots, according to the configurations. The reference signal can be shared among group common PDCCH within a slot.  

Observation 2: Indication channel structure could follow the structures of LTE UL long burst, UL short burst or PCFICH-type burst at slot level.
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Figure 3. Indication channel using UL long burst structure 
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Figure 4. Indication channel using UL short burst structure 

Embedded in eMBB data
In this option, the indication channel is embedded in eMBB data region. Typically, the indication channel could have comb-based structure, e.g, every 4 tones used for indication channel. When URLLC traffic is not present, indication is not sent to reduce indicating overhead. When URLLC traffic is present, the comb-based indication channel will also turn into DMRS for the corresponding URLLC UE. By doing so, URLLC data needs rate match around these indication channel (a.k.a. DMRS for URLLC data).  In every indication monitoring duration (one or more mini-slot(s)), eMBB UEs will do blind detection on the pre-assigned indication channel locations to see if the URLLC traffic is present. 
In this scheme, blindly decoding reliability is of importance to achieve the performance requirements. Many well-known techniques can be adopted to reduce the probability of false alarm in blind decoding. For instance, apply RB bundling (sub-band bundling) of indication channels, use spatial separation, scrambling, precoding, etc. 
Observation 3: Embedded indication channel results in much less overhead. FFS approaches to reduce false alarm/misdetection rate in blind decoding.
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Figure 5. Indication channel embedded in eMBB data 

Application to Indication Channel Design for UL eMBB/URLLC multiplexing
The aforementioned indication schemes can directly apply to the indication channel for the UL URLLC/eMBB multiplexing. In particular, when UL URLLC traffic presents, a scheduling request (SR) is sent on a dedicated uplink resource. Upon receiving a SR, gNB will send UL URLLC grants on the current indication channel in the next DL mini-slot. Both eMBB UEs (if transmitting on UL) and URLLC UEs need to monitor this indication channel for the scheduling grants. The on-going eMBB UL transmission will yield on the resources indicated by the UL URLLC scheduling grants. One can notice that, by doing so, we achieve a unified indication channel design for both UL and DL transmissions. One example is presented in Figure 5, where we assume an indication channel separated from eMBB data.
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Figure 5. A unified indication channel design for UL URLLC/eMBB multiplexing

Proposal 2: A unified indication channel design for both DL and UL should be considered. 

Conclusion
Observation 1: Indication channel could indicate wide-band based, sub-band based, RB-based or UE specific puncturing information. FFS the tradeoff between performance and payload of each scheme.
Observation 2: Indication channel structure could follow the structures of LTE UL long burst, UL short burst or PCFICH-type burst at slot level.
Observation 3: Embedded indication channel results in much less overhead. FFS approaches to reduce false alarm/misdetection rate in blind decoding.
Proposal 1: Indication channel for URLLC/eMBB DL multiplexing could be separated from or embedded in eMBB data. 
Proposal 2: A unified indication channel design for both DL and UL should be considered. 
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Agreements :   •   Indication of URLLC transmission overlapping the resources scheduled for an eMBB UE in downlink can  be dynamically signaled to the eMBB UE to facilitate demodulation and decoding   –   FFS details   Agreements:   •   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  
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Agreements:

· Indication of URLLC transmission overlapping the resources scheduled for an eMBB UE in downlink can be dynamically signaled to the eMBB UE to facilitate demodulation and decoding

· FFS details

Agreements:

· 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
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