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1. Introduction
In RAN1 NR-AH#1 meetings, following agreements were made [1]:
	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 provide our views on multiplexing between eMBB and URLLC for downlink. Especially, we focus on how to indicate impacted eMBB resources when URLLC DL channels can pre-empt parts of resources for eMBB DL channels. 

2. Granularity for impacted resources used in indication
2.1. Time-domain indication information
Basically, URLLC DL transmission will be scheduled in a unit of mini-slot while eMBB DL transmission is scheduled in a unit of slot when URLLC may puncture eMBB transmission. When slot scheduling is used for both cases, scheduling can avoid overlap between two services. Meanwhile, channel decoding of eMBB will be performed per code-block. In this stage, the scheduling unit of eMBB transmission is TB or slot. Therefore, candidates for time-domain granularity for impacted resources used in indication can be given by as follows:
· Option 1: Per CB (group)
· Option 2: Per mini-slot (group) or a set of OFDM symbols
· Option 3: Per slot
In case of Option 1, the number of CB (group) can be changed depending on the scheduled TB size. Therefore, if explicit indication signalling is considered, the signalling overhead could be varying time-to-time depending on the scheduling information. Furthermore, when UE fails to detect PDCCH, there can be ambiguity on size and contents of indication of impacted eMBB resources between gNB and UE. Especially when multiple HARQ-ACK corresponding to different PDSCH for a UE can be transmitted on the same PUCCH, this ambiguity problem can be critical. Alternatively, maximum number of CB (group) can be considered for indication information at the expense of signalling overhead. This approach would be useful when CB (group)-based retransmission is introduced. However, in this case, it is necessary to investigate whether or how to multiplex CB (group)-based retransmission and new data on the same PDSCH. 
For Option 2, since mini-slot is a scheduling unit of URLLC data transmission, the eMBB resources impacted by URLLC transmission can be efficiently expressed. However, from network perspective, gNB can support multiple URLLC services with different mini-slot configuration (e.g. time duration of scheduling unit). If indication signalling is design to be group-common-specific, the mini-slot configuration to be used in indication can be separately configured. 
In terms of signalling overhead, Option 3 will be the attractive approach. In this case, if some portion of eMBB DL transmission is pre-empted by URLLC data, all the coded bits of eMBB data will be flushed at UE side. Therefore, even if the pre-empted portion is marginal, eMBB performance degradation could be huge since the overall HARQ process gain (e.g. chase combining or incremental redundancy) will be reduced. 
Observation 1: When the granularity is CB group, it is necessary to investigate ambiguity problem between gNB and UE on the number of CB groups depending on scheduling of eMBB. 
Observation 2: When the granularity is mini-slot group, it is necessary to consider the case where gNB support multiple URLLC services with different mini-slot configurations.
Observation 3: When the granularity is mini-slot group, it is necessary to investigate trade-off between indication signalling overhead and eMBB performance degradation. 
Proposal 1: Mini-slot (group) granularity based pre-emption indication is considered if explicit indication is adopted. When indication is given, a UE can assume all the resources where URLLC can be mapped on the indicated mini-slot are punctured. 

2.2. Frequency-domain indication information
When mini-slot based indication is achieved, further clarification on punctured resource would be necessary. One simple example is to assume that the entire system bandwidth is punctured. However, this may not be effective when URLLC consumes only partial bandwidth. Another approach is to configure potential URLLC frequency region and a UE assumes resources in such preconfigured resource are punctured if indication has been received. When wideband is considered, puncturing of URLLC may occur only in one or a few subbands, and thus, prior information of potential URLLC region could be beneficial. Lastly, frequency region or subbands of URLLC can be indicated dynamically, however, this seems incurring additional overhead. As we do not see a strong reason that URLLC region should be dynamically changed, we think semi-static based determination on frequency resource for punctured resource would be sufficient. 
Observation 4: Frequency-domain indication of impacted eMBB resource can be beneficial in terms of eMBB throughput. 
Proposal 2: It can be considered to semi-statically configure eMBB frequency-domain resources to be impacted by URLLC transmission. The final impacted eMBB resources will be determined by frequency-domain configuration together with time-domain indication. 

3. Indication method for impacted eMBB resources
3.1. Explicit indication signalling
For simplicity, it can be considered that gNB transmit explicit signals indicating impacted resources to eMBB UEs. For indication signalling, either DCI-based indicator or additional signalling-based indicator can be considered. In case of DCI-based indicator, following candidates can be considered:
· Option A: DCI scheduling retransmission.
· Option B: Additional DCI transmission
In case of Option A, additional filed may be needed to indicate whether earlier eMBB transmission is pre-empted by URLLC or not unless some restriction on interpretation of fields is assumed. Since URLLC traffic will arrive sporadically in general, it would be inefficient in terms of control overhead that DCI scheduling eMBB data always have the indication filed. Alternatively, the existence of URLLC pre-emption on eMBB transmission can be expressed by using RV and NDI values of eMBB DCI. For instance, if granularity for indication is set to be slot (Option 3-C), after URLLC pre-empts parts of eMBB transmission, its DCI scheduling retransmission will adjust HPN/RV to be the same with the previous transmission and NDI to indicate new data. In this case, eMBB UE will flush all the coded bits received in the previous eMBB transmission, and try to decode eMBB data by using only currently received eMBB transmission. In our view, this approach is preferred due to the small specification work. If CB group-level retransmission is introduced, RV and/or NDI (to indicate either coded bits in the previous transmission is flushed or combined) can be defined for each CB group. 
Observation 5: The existence of URLLC corruption during the eMBB transmission can be simply expressed by HPN, RV, and NDI. 
Proposal 3: It can be considered that DCI scheduling retransmission indicates impacted eMBB resources by using HPN, RV, and/or NDI. 
For Option B, gNB could transmit additional DCI only if URLLC corruption occurs in the previous slot. Since gNB will not transmit this DCI for other cases, it would be beneficial in terms of control overhead. However, since eMBB detection and indication detection will not be aligned, there can be ambiguity problem between gNB and UE on the existence of URLLC corruption during the eMBB transmission. When additional DCI is considered, to minimize overhead of signalling, it is desirable to transmit it as a common PDCCH or a group-common signal. As the signal would not be present when puncturing does not occur, aperiodic signal transmission is desirable. As agreed, if a common PDCCH is adopted, one possibility is to add puncturing information to the common PDCCH. In this case, a common PDCCH indicates information about the previous slot instead of current or next slot(s). More specifically, group-common DCI can be used to indicate impacted eMBB resources in the previous slot by using the slot type information. Considering signalling overhead, it can be considered that group-common DCI has an additional field to indicate target slot (e.g. previous/current/next slot) for slot type information. 
Proposal 4: It can be considered that group-common DCI is used to indicate impacted eMBB resources in the previous eMBB TTI. 
Alternatively, additional signalling can be considered to indicate impacted eMBB resources in the current eMBB TTI. In this case, this indication signal will be placed in the end of the eMBB TTI. Since it will be transmitted only if URLLC pre-empts parts of eMBB transmission, eMBB UE needs to perform BD to detect this indication signal in addition to control region. Furthermore, this unexpected additional signal will cause eMBB performance degradation further. Moreover, it is necessary to investigate how to design this indication signal, and how to handle collision between URLLC and indication signal at the end of eMBB TTI. This approach also needs to consider the ambiguity problem between gNB and UE on the existence of URLLC corruption during the eMBB transmission when UE fails to detect indication signalling. Also, reserving an indication signal resource at the end of eMBB transmission seems challenging as well particularly considering dynamic downlink portions. Compared to DCI-based indicator, the signalling timing difference seems to be marginal (one is at the end of the current eMBB TTI, and the other is the beginning of the next eMBB TTI). 
Observation 6: Additional signalling-based indicator placed in the end of eMBB TTI needs to investigate how to design this indication signal, how to handle collision between URLLC and indication signal at the end of eMBB TTI, and the amount of eMBB performance degradation due to the additional signalling.
Proposal 5: If explicit signalling is introduced, consider combining it with a common PDCCH or including information in scheduling DCI. 

3.2. Implicit indication method
It can be considered that eMBB UE tries to detect parts of URLLC signals such as DL control channel and/or DMRS during the on-going transmission of eMBB data. If eMBB and URLLC data transmissions are associated with the same UE, it is straightforward that impacted eMBB resources can be extracted by decoding both eMBB and URLLC data without any additional side information. However, in general, eMBB data transmission and URLLC data transmission will be associated with different UEs. In this case, it is necessary to investigate how eMBB UE detect URLLC signals associated with different UE. One approach is to design URLLC signals such as DL control channel or DMRS is cell-specific or group-common rather than UE-specific. In this case, it needs to define how URLLC UE distinguishes its own URLLC data transmission. Alternatively, it can be considered that network provide candidates of URLLC signals to be detected semi-statically. In this approach, eMBB UE may need to perform blind detection for URLLC signals while receiving eMBB data transmissions. According to previous agreements, eMBB and URLLC data transmission can be configured with different numerology. In case, it is necessary to investigate whether or not it is feasible that UE can receive signals with different numerologies simultaneously. 
Proposal 6: Considering asymmetric numerology case and BD capability, it is necessary to investigate feasibility that UE tries to detect URLLC signals together with receiving and decoding eMBB data. 
Proposal 7: If the implicit indication method is used, it is necessary that network provide candidates for URLLC signal to be detected to eMBB UE. 

4.  Impact of URLLC traffic on eMBB control signals and reference signals
URLLC data transmission could impact on eMBB control signals and DMRS, which are essential to decode eMBB data. eMBB UEs should successfully receive control signals to find out scheduling information such as resource allocation, MCS level, new data indication, HARQ process ID, etc. If a UE fails to decode its DCI, the UE loses one or more transport blocks and gNB cannot receive ACK/NACK signalling which induce an additional delay. If a UE fails to decode its UL grant after the UE transmits scheduling request (SR), the UE will retransmit SR, which can cause an additional delay. Also, eMBB DMRS is essential for eMBB data decoding. If eMBB DMRS is punctured or interfered by URLLC data transmission, it is necessary to retransmit eMBB data in very high probability. Thus, it would be beneficial to protect eMBB control signals and DMRS from URLLC data transmission. Schemes to protect control signals and DMRS are discussed as follows:
· Scheme A) gNB schedules URLLC data avoiding eMBB control signals and DMRS. Unless carefully designed, this approach may lead many invalid mini-slots for URLLC such as the first mini-slot due to control region. Thus, it would be beneficial to jointly design eMBB DMRS and URLLC slot or mini-slot to minimize the maximum latency of URLLC data transmission in eMBB resource.
· Scheme B) According to URLLC data transmission, gNB changes resources allocated for eMBB control signals and DMRS. Candidate resources for eMBB control signals and DMRS are pre-defined for un-punctured case and punctured cases. If URLLC traffic is arrived and eMBB control and/or data are punctured for URLLC UL transmission, gNB transmits an indication signal to inform that the resources for eMBB control and DMRS are shifted and eMBB data is punctured as shown in Figure 2.
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Figure 1. An example of reallocation of eMBB control channel
· Scheme C) Mini-slot structure is constructed to avoid DM-RS and/or control region for eMBB or URLLC control/data is rate matched around eMBB control/DM-RS. For example, if control region and DM-RS for eMBB is semi-statically configured, mini-slot structure can be constructed not to span any control region and DM-RS region. As discussed in our companion contribution [mini-slot frame structure], this pattern can be also dynamically indicated depending on protected resources for eMBB. 
The above schemes have pros and cons. Scheme A does not increase eMBB UE complexity but may increase the maximum latency of URLLC data transmission because enough resource for URLLC data transmission might not be allowed while transmitting eMBB control signals or DMRSs. Thus, it is necessary to carefully design URLLC slot or mini-slot considering the locations of eMBB control channel and DMRS to satisfy the target latency. Scheme B does not increase the maximum latency but increases eMBB UE complexity. For example, the channel estimation complexity of eMBB UEs increases if the time difference between DMRSs is changed dynamically. Also, if control region changes, overall data mapping would be also changed which cause considerable issue when a UE misses the indication. Furthermore additional overhead for puncturing indication would be a burden for UEs. Scheme C, could provide reasonable trade-offs which in our view can be further considered. 
Observation 7: eMBB control signals and DMRS should not be punctured or interfered by URLLC data transmission.

5. Conclusion
In this contribution, we disucss multiplexing of eMBB and URLLC for downlink. Our proposals are as follows:
Observation 1: When the granularity is CB group, it is necessary to investigate ambiguity problem between gNB and UE on the number of CB groups depending on scheduling of eMBB. 
Observation 2: When the granularity is mini-slot group, it is necessary to consider the case where gNB support multiple URLLC services with different mini-slot configurations.
Observation 3: When the granularity is mini-slot group, it is necessary to investigate trade-off between indication signalling overhead and eMBB performance degradation. 
Observation 4: Frequency-domain indication of impacted eMBB resource can be beneficial in terms of eMBB throughput. 
Observation 5: The existence of URLLC corruption during the eMBB transmission can be simply expressed by HPN, RV, and NDI. 
Observation 6: Additional signalling-based indicator placed in the end of eMBB TTI needs to investigate how to design this indication signal, how to handle collision between URLLC and indication signal at the end of eMBB TTI, and the amount of eMBB performance degradation due to the additional signalling.
Observation 7: eMBB control signals and DMRS should not be punctured or interfered by URLLC data transmission.
Proposal 1: Mini-slot (group) granularity based pre-emption indication is considered if explicit indication is adopted. When indication is given, a UE can assume all the resources where URLLC can be mapped on the indicated mini-slot are punctured. 
Proposal 2: It can be considered to semi-statically configure eMBB frequency-domain resources to be impacted by URLLC transmission. The final impacted eMBB resources will be determined by frequency-domain configuration together with time-domain indication. 
Proposal 3: It can be considered that DCI scheduling retransmission indicates impacted eMBB resources by using HPN, RV, and/or NDI. 
Proposal 4: It can be considered that group-common DCI is used to indicate impacted eMBB resources in the previous eMBB TTI. 
Proposal 5: If explicit signalling is introduced, consider combining it with a common PDCCH or including information in scheduling DCI. 
Proposal 6: Considering asymmetric numerology case and BD capability, it is necessary to investigate feasibility that UE tries to detect URLLC signals together with receiving and decoding eMBB data. 
Proposal 7: If the implicit indication method is used, it is necessary that network provide candidates for URLLC signal to be detected to eMBB UE. 

6. Reference
RAN1 chairman’s notes, RAN1 NR-AH#1.
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