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Introduction
In this document a summary of the e-mail discussion on multiplexing of eMBB and URLLC in DL is provided.
For reference, RAN1 agreements related to multiplexing of eMBB and URLLC are copied below [1], [2], [3].

	Related agreements at the RAN1#86 meeting:

	Agreements:
· At least the following potential options should be considered
· At least for shorter transmission UL, semi-static resource sharing between URLLC and eMBB
· FDM and/or TDM manner
· UL grant-free transmission for URLLC
· Other schemes are not precluded
· Dynamic resource sharing between URLLC and eMBB
· For DL, mechanisms to schedule a transmission where the resources of it can overlap with resources of ongoing/scheduled longer transmission at least from network perspective
· FFS: A similar or same mechanism applicability to UL
· Preemption or superposition
· Other schemes are not precluded 
· Scheduling based approaches (e.g., by adapting transmission duration or by using different subbands) to allow multiplexing of different durations of transmission
· UL grant-free transmission for URLLC
· Other schemes are not precluded
· Other mechanisms are not precluded



	Related agreements at the RAN1#86bis meeting:

	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



	Related agreements at the RAN1#87 meeting:

	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



Preemption/superposition-based multiplexing of eMBB and URLLC in DL
Indication of preempted or impacted eMBB resources to corresponding eMBB UE(s)
Which types of information should be indicated?
Most companies said indication of time/frequency region where eMBB is impacted by URLLC is beneficial to improve eMBB performance. But the granularity of indication for impacted region needs to be further studied considering trade-off between overhead and performance of eMBB.
When would it be indicated?
Based on companies input, the indication timing can be categorized into two cases. The first case is to indicate during ongoing eMBB transmission, i.e., within current eMBB TTI. And the second case is to indicate after eMBB transmission, i.e., after current eMBB TTI.
Proposal:
· Support indication of time and/or frequency region of preempted/impacted eMBB resources to respective eMBB UE(s)
· FFS: Details of granularity of indication for preempted/impacted region 
· Granularity could be symbol (group)/mini-slot (group)/CB (group)/TB.
· The indication can be during and/or after current eMBB TTI.
Non-indication approach
Multiple views were addressed by several companies including outer-coding, CB-interleaving and CB-level HARQ retransmission. However, some companies have a concern about eMBB UE complexity or additional overhead for eMBB or efficiency loss of eMBB system with non-indication approaches.
Proposal:
· Continue the discussion.
Scheduling-based approaches
Scheduling-based approach means that URLLC transmission does not occur in the resources scheduled for ongoing eMBB traffic.
Is it semi-static or dynamic or combined operation?
Most companies said both semi-static and dynamic operation should be supported to allow maximum scheduling flexibility to gNB. Multiple companies suggested that, at least for periodic/continuous URLLC traffic, semi-static operation needs to be supported. However, some companies have a concern on the scheduling-based approaches in the aspect of efficient multiplexing of eMBB and URLLC.
Proposal:
· Continue the discussion.
Is it TDM, FDM or both?
Most companies said both TDM and FDM should be supported to allow maximum flexibility to gNB. Multiple companies mentioned FDM should be supported if there are sufficient resources for both URLLC and eMBB traffic. However, some companies have a concern on the TDM and/or FDM because this approach may be inefficient considering practical use cases. 
Proposal:
· Continue the discussion.
For URLLC, what is the granularity of scheduled resources in time and frequency domains?
Almost all companies prefer mini-slot level granularity for time domain scheduling unit for URLLC. However, mini-slot of length 2 for time domain scheduling unit was already agreed in the previous meeting [3]. For frequency domain scheduling unit, multiple companies prefer PRB or PRB-groups level granularity as a baseline. For the details of frequency granularity, it needs to be studied further considering mini-slot duration and practical traffic statistics for URLLC.
Proposal:
· For URLLC, support PRB or multiple PRBs level granularity for frequency-domain scheduling unit as a baseline.

Others
[bookmark: _GoBack]Multiple companies said eMBB/URLLC multiplexing for (dynamic) TDD should be further investigated. For this, many companies point out that the different transmission duration of eMBB and URLLC should be discussed further. 
Aside from this, multiple companies also said superposition of eMBB and URLLC should be studied further.
Proposal:
· Continue the discussion.



Appendix – Question and individual company responses
1. Preemption/superposition-based multiplexing of eMBB and URLLC in DL
At the RAN1#87 meeting, following options are discussed for preemption-based multiplexing approaches:
· Option 1: Indication of preempted or impacted eMBB resources to respective eMBB UE(s)
· Option 2: Non-indication approaches
Indication of preempted or impacted eMBB resources to corresponding eMBB UE(s)
Regarding the indication-based approach, 
· Which types of information should be indicated?
· When would it be indicated?
· What is gNB-associated operation?
· What is UE-associated operation?
	Company
	Comment

	OPPO
	· Which types of information should be indicated?
We suggest the indicated information includes: 
· At least the presence of preemption in the current/oncoming eMBB time-domain scheduling unit (e.g. eMBB slot);
· Better to also indicate the detailed time-frequency information of the preemption (e.g. effected RBs, URLLC mini-slot size and position).
· When would it be indicated?
As early as possible, e.g. at the first time when gNB decides the preemption. The effected eMBB UEs capture the preemption information as early as the URLLC UE captures the corresponding URLLC scheduling assignment.
· What is gNB-associated operation?
Minimize the effects to eMBB-only UEs, e.g. transmit the indicator in a relatively fixed position, so for an eMBB-only UE to detect the preemption indication in a short time and with a small processing burden and power consumption.
· What is UE-associated operation?
Effects to eMBB-only UEs should be minimized, e.g. blind detection of the preemption indicator should be avoided if possible. A UE can keep monitoring the preemption indication in a relatively fixed position (in a short time and with a small processing burden and power consumption) after being allocated an eMBB resource. The UE behaviour after capturing the indication is FFS which may be partly implementation issues.

	ZTE
	Need for indication:
We think the indication is needed. According to our simulation results (R1-1611709-Multiplexing of eMBB and URLLC frame structures), if the eMBB UE can get puncturing information for the first transmission, it will have a better performance.

If the eMBB UE does not detect the puncturing information for the first transmission, then, the need for a retransmission has a higher probability. Then, there maybe a need to retransmit the puncturing info in the DCI of the retransmission as well. This is in order to reduce the residual BLER of the eMBB data. Of course, if the residual BLER already is small enough, then the puncturing information does not need to be retransmitted.

Indication method:
Both implicit and explicit indication are possible 

For implicit indication, the eMBB UE would need to detect if puncturing has taken place (without signaling).An advantage of this method is that it does not require extra control overhead. But the eMBB UE might not always be able to detect the puncturing information.

For the explicit indication, we could see two different methods:
In the first method the gNB transmits the puncturing information in the DCI of the next eMBB UE slot. This could be done for a UE specific DCI or for a common DCI.
If a UE specific DCI is used, the DCI overhead is increased, but if the puncturing information is included in a common DCI, other problems might come up. For example, if an eMBB UE would receive its downlink data in a specific RF bandwidth. For power saving reasons, it could then not receive a common DCI in a basic common search space which would be located in another RF bandwidth. Another issue with having the puncturing information in a common DCI search space would be for UEs that are not punctured. If they fail to decode their DL data, they might also assume that they are punctured and would also read the common DCI.

The second method is that the gNB transmits the puncturing information in the last part of the current eMBB UE slot. If the required data to transmit the puncturing information is very small, then it is possible that the gNB overwrites a predefined resource position in the eMBB data region and would send the URLLC preempting information instead.

	InterDigital
	· Which types of information should be indicated?
· Depending on the UE capability and the mode of operation of the gNB and UE , the gNB may need to indicate a URLLC traffic indicator, the impacted time/frequency resources, the power ratio, RS information, etc.
· When would it be indicated?
· One possible solution is to pre-allocate a radio resource allocation region (RRAR) in the resources allocated for eMBB data at the end of the current time slot to tell the eMBB UE where URLLC data is being transmitted. The RRAR region could be designed to have a small size so that it has negligible impact on the eMBB data decoding.  
· What is gNB-associated operation?
· Upon arrival of URLLC data, the gNB superposes the URLLC data on the eMBB data (with appropriate power levels) on some of the resources allocated for eMBB data in the current slot. If the gNB decides to set the power for eMBB data to zero, it implies puncturing.
· What is UE-associated operation?
· The eMBB UE may use blind decoding by first trying to decode the eMBB data, assuming that there is no URLLC data. If the decoding fails, the eMBB UE then tries to decode the RRAR to derive the information needed regarding the URLLC data.

	Fujitsu
	· Which types of information should be indicated?
	Preemption indicator should include at least the information on existence of URLLC data or not in the current eMBB slot.
	Furthermore, it is better to include the information on the detailed time-frequency information of the preempted resource for URLLC.
· When would it be indicated?
	It should be indicated early, e.g. in the first symbol of the URLLC transmission.
· What is gNB-associated operation?
	gNB may transmit the preemption indicator information on existence of URLLC data in a relatively fixed position to reduce the decoding cost for eMBB UE. Since this preemption indicator information is transmitted to URLLC UE as well, the method to achieve high reliability for transmitting this preemption indicator information needs to be further studied. For the preemption information on the detailed time-frequency information of the preempted resource for URLLC, whether gNB transmits it to URLLC UE as well or not needs to be further studied.
· What is UE-associated operation?
	The eMBB UE who is receiving the data may keep monitoring the preemption indication in relatively fixed position(s). The eMBB UE may decode the detailed time-frequency information of the preempted resource used for URLLC after knowing the existence of URLLC data.

	Samsung
	1. Partial or whole retransmission of an eMBB TB
Partial or whole retransmission of eMBB data (e.g., symbol, symbol-group, mini-slots, mini-slot group, CB, CB-group, TB) can resolve the collision issues in multiplexing of eMBB and URLLC based on preemption or superposition. This may work as below.
· Which types of information should be indicated?
One is about which mini-slots, mini-slot group, CB, CB-group, or TB is retransmitted or which symbol, symbol-group, mini-slots, mini-slot group, CB, CB-group, or TB previous preempted/impacted transmission. 
Another is about indication of flushing out the corresponding initial transmission.
· When would it be indicated?
The above information can be indicated from the gNB to the eMBB UE when retransmission of the affected mini-slots, mini-slot group, CB, CB-group, or TB happens. 
· What is gNB-associated operation?
If the gNB punctures or superposes a part of an eMBB transmission for URLLC data, the gNB indicates the mini-slots, mini-slot group, CB, CB-group, or TB that is retransmitted or the symbol, symbol-group, mini-slots, mini-slot group, CB, CB-group, or TB previous preempted/impacted transmission. A NDI can be included for the eMBB UE to flush out the corresponding symbol, symbol-group, mini-slots, mini-slot group, CB, CB-group, or TB of the initial TB transmission from HARQ combining when retransmission (or just transmission in case the CBs are fully punctured in the initial TB transmission) happens after initial transmission.   
· What is UE-associated operation?
Following indicator and symbol, symbol-group, mini-slots, mini-slot group, CB, CB-group, or TB NDI, the eMBB UE receives CBs and performs HARQ combining for corresponding CBs according to the CB-group NDI.  
2. Blind detection of URLLC by an eMBB UE
Blind detection for preempted eMBB resources can be considered together with explicit indication for coarse information. 
· Which types of information should be indicated?
This method does not need any explicit indications. However, explicit indication for coarse information on preempted/impacted eMBB resources (e.g., symbol, mini-slot, mini-slot group, slot, CB or CB-group level) can help reduce eMBB UE complexity due to decreasing search space for blind detection. 
· When would it be indicated?
If the gNB punctures a part of an eMBB transmission, the above information is indicated from gNB to eMBB UE during the eMBB TTI (e.g. after URLLC transmission). 
· What is gNB-associated operation?
If the QAM order of eMBB is equal to that of URLLC, blind detection cannot work well because eMBB and URLLC suffer from same multipath fading effects in DL. Therefore, gNB applies constant phase shifted QAM constellation for URLLC.
· What is UE-associated operation?
The eMBB UE performs blind detection algorithm (e.g. ALRT [1]) for classifying preempted eMBB resources in the received signals and sets the corresponding LLR values into zero.
[1] J.A.Sills, Maximum-likelihood modulation classification for PSK/QAM, Proc. IEEE MILCOM., 1999.
3. Superposition-based multiplexing
Superposition based multiplexing between eMBB and URLLC can be considered to resolve the BLER performance degradation issues in preemption based multiplexing between eMBB and URLLC, especially for heavy URLLC traffics.
· Which types of information should be indicated?
This method needs information on superposed eMBB resources (e.g., symbol, mini-slot, slot, CB or CB-group level), superposition pattern, and power ratio between eMBB and URLLC.
· When would it be indicated?
If the gNB apply superposition based multiplexing between eMBB and URLLC, the above information is indicated from gNB to eMBB UE during the eMBB TTI (e.g. after URLLC transmission).
However, a part of above information (e.g. superposition pattern and power ratio between eMBB and URLLC) can be pre-defined between gNB and UEs, and others (e.g. information on superposed eMBB resources) can be blindly detected at the eMBB UE.
Also, coarse information on superposed eMBB resources (e.g., symbol, mini-slot, mini-slot group, slot, CB or CB-group level) can help reduce eMBB UE complexity due to decreasing search space for blind detection. 
· What is gNB-associated operation?
If URLLC traffics are occurred during the eMBB TTI and amount of preempted resources in an eMBB CBs is larger than X% of an eMBB CB, gNB perform superposition based multiplexing between eMBB data and URLLC data.
· What is UE-associated operation?
Following information on superposed eMBB resources, superposition pattern, and power ratio between eMBB and URLLC, the eMBB UE applies interference suppression techniques such as MMSE-IRC, symbol-level IC, interference aware detection, and so on.

	Sony
	Types of information: At least the indication of URLC presence and the time & frequency resources occupied by the URLLC should be included in the indicator. The level of granularity of this time/frequency resource can be the exact resources occupied or as coarse as which OFDM symbols or mini-slots are occupied by URLLC.  Further information can include the scheduling details of URLLC for interference cancellation purpose by the eMBB UE if the URLLC is superposed onto the eMBB resources.

When indicator is indicated: The indicator can be transmitted at the end of the eMBB transmission, i.e. post-indicator.  Preferably this indicator is expected, i.e. known to the eMBB UE to avoid blind decodes.  Alternatively, the DCI (at the start of the eMBB) can indicate whether there will be such indicator at the end of eMBB transmission.
The indicator can also be transmitted just prior to the URLLC corruption, i.e. pre-indicator, but this would require the eMBB UE to blind decode for possible indicator all the time. If such pre-indicator is used, the blind decode for this pre-indicator should minimize the UE processing power. The pre-indicator can also be located at a fixed location with respect to the implied mini-slot grid underneath the resources scheduled for eMBB.

gNB-associated operation: The gNB operation is easy for the post-indication method, since all it needs is to signal the resource in the eMBB transmission that is corrupted by URLLC. If there is no corruption then it can indicate no corruption.
For pre-indication, the gNB needs to schedule ahead or delay the URLLC transmission just enough to allow it to fit the pre-indication prior to the URLLC transmission.  If gNB transmit pre-indication in the same time as URLLC it needs to ensure that there is sufficient resources for URLLC and the pre-indicator.

UE-associated operation: If URLLC punctures the eMBB transmission, the eMBB UE would take the punctured resources into account in its receiver, e.g. zero out the LLR affected.  
If URLLC superposed onto the eMBB transmission, the eMBB UE can perform interference cancellation of the URLLC corruption if the scheduling information is signaled to the eMBB UE.



	Huawei
	We think the indication of preempted resources to the corresponding eMBB UEs is needed.
· Which types of information should be indicated?
At least, which part of scheduled DL resource for eMBB data is preempted should be indicated to the corresponding eMBB UEs in order to avoid soft buffer pollution.
· When would it be indicated?
The following options can be studied for the preemption indication: along with the URLLC transmission; at the end of eMBB scheduling interval; in the next eMBB scheduled interval. 
· What is gNB-associated operation?
When a URLLC packet arrives but the gNB has no available resources for it, the gNB could reassign some resources, which has been previously allocated to eMBB transmissions and postpone part of eMBB DL transmission. The gNB could send the preemption indicator to the corresponding eMBB UEs, and transmit the postponed part of eMBB data, if necessary, to guarantee the performance of the impacted eMBB transmission. 
· What is UE-associated operation?
The eMBB UE should read or detect the preemption indicator. Once the preemption indicator is detected, the eMBB UE shall exclude the signals received on preempted resources for decoding the data.
If the gNB sends postponed part of eMBB data due to resource reassignment, the eMBB UEs could perform HARQ combining based on both the original and postponed transmission.

	CATT
	Our observation of some proposals is that indication may be transmitted within the original eMBB transmission duration, which implies monitoring at a finer granularity and can be viewed as scheduling at a mini-slot level granularity.  Post-indication needs further investigation on the signaling overhead because the indication information is dependent on the amount of resources used for URLLC, how much detail is required (symbol, code block, code block group, TB), which also has a direct bearing on the performance. Superposition multiplexing also needs further investigation.

	Sharp
	1. Time/frequency regions where eMBB resources may be used by URLLC transmission. They would be indicated via RRC signaling/configuration.  
2. Transmission parameters associated with regions where eMBB resources may be used by URLLC transmission, in particular, whether an outer code is used, if the usage of an outer code may be configured.
3. Indication of the existence of a URLCC transmission when it is transmitted.  This would be achieved by devoting time/frequency resources specifically to indicate the URLLC transmission, e.g., by including a spreading sequence with the transmission or a specified set of reference signals.  The particulars of the indication would be handled by RRC signaling, and would be established to minimize collisions of URLLC transmissions. 
4. Regarding preemption based approaches, this implies that resources used for URLCC are only used for URLLC when there is URLLC traffic to transmit.
5. Regarding superposition based approaches, it is unclear if far UEs can use URLLC services; therefore there is schedule and specification risk in this approach.

	Nokia, ASB
	· Which types of information should be indicated?
· Option 1: The indicated information can be the time-frequency resources that had been impacted by URLLC
· Option 2: The indication can be implicit. E.g. the eNB can retransmit only the part that had been impacted, and the UE knows automatically the impacted part. The UE could then consider it in the decoding and/or HARQ combining process.
· When would it be indicated?
· The information can be indicated either in the HARQ retransmission of the eMBB data, or earlier when the URLLC data is scheduled. But the latter would require the eMBB UEs to monitor the PDCCH frequently in time while receiving DL data. So from UE complexity and power consumption point of view, the former would be a preferred approach.
· What is gNB-associated operation?
· The gNB would send the indication whenever the preemption/puncturing occurs.
· The gNB could also automatically send retransmission of the impacted (punctured) data part without waiting for HARQ-ACK feedback from the UE.
· What is UE-associated operation?
· The UE would need to monitor the indication as needed. But the exact behavior on how the UE handles the preempted part is not expected to be specified but left to UE implementation. One reasonable behavior would be to discard the soft bits that had been impacted by URLLC.
Please note that our response here only applies to preemption-based multiplexing, not superposition-based. We prefer not to support superposition-based multiplexing due to reliability/latency concern.

	Qualcomm
	· Which types of information should be indicated?
We are open to study different ways of indicating puncturing information. Indication types to be studied could be simple (coarse granularity) or more detailed. For example, it could be an indication of preemption per-symbol/per-mini-slot/per-UE/per-subband, etc.
· When would it be indicated?
If the indication is in the current slot and aligned w/ 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. When an eMBB UE is scheduled, it could monitor that physical channel to get the required information. Plus, in this case, URLLC UEs could also get the benefit of monitoring if there is a potential grant without attempting to decode the actual control grant.
If it is in later slot, then the indication could be in some control channel or a separate channel. We are open to study both UE-specific or common control, and/or introducing a new physical channel. 

· What is gNB-associated operation?
When URLLC is transmitted, the gNB preempts the resources of eMBB for the URLLC transmission and transmits the indication.
· What is UE-associated operation?
When the eMBB user is scheduled, identifies whether there is a preemption indication, reads this indication, and possibly adapts its processing (This is partly implementation issue). Also, try to recover or request additional information to try to recover the impacted data for eMBB.
For URLLC UE, to monitor indication channel for potential URLLC grant.
	

	MTK
	· Which types of information should be indicated?
We propose to use CRC masking to indicate to the UE which of the Code Blocks (or group of CB) were preempted. The CRC masking is an implicit indication with no impact on the physical channel.
· When would it be indicated?
The indication is embedded in the mask of the CRC of the eMBB CBs (or group of CBs) that are transmitted immediately after the preemption happens but within the same eMBB scheduling interval.
· What is gNB-associated operation?
The gNB uses a mask that contains a bit-map information of the preemption per CB (or per group of CBs), other simple solutions like a counter of the number of CBs that were preempted is also possible. The use of the CRC masking removes the need of a dedicated physical channel to signal the preemption information.
If preemption happens, and the gNB receives an ACK. This means that UE has received all the CBs correctly apart for the CBs that were preempted, the gNB can therefore only re-transmit the CBs that were preempted.
· What is UE-associated operation?
The de-masking procedure, allows the UE to infer which CBs (or group of CBs) have failed due to preemption and which ones have failed due to decoding by trying to match the correct masking sequence. In case all the CBs CRC do pass apart for the CBs that were preempted, the UE sends an ACK, therefore signaling to the gNB to only re-transmit the preempted CBs. Example below shows how the CRC masking will work: [image: ] 
In case a finer multi-bit HARQ scheme is used, where per CB multi-bit NACK is only transmitted when the TB decoding fails as shown below. The use of the CRC mask method, allows the UE to detect the puncturing and send an ACK and hence reduces the overhead associated with the use of the multi-bit feedback.
[image: ]

	Intel
	· Which types of information should be indicated?
At least indication of affected symbols (or groups of symbols, mini-slots) should be considered. In case of wide band carrier where URLLC may be scheduled only in a relatively small part of spectrum, the indication of an impacted frequency resource (e.g. sub-bands of the wider band) could also be signaled. A more detail indication needs to be further studied considering potential overhead vs performance tradeoff.
· When would it be indicated?
There is a tradeoff between eMBB UE complexity and potential eMBB UE performance degradation because of URLLC preemption for different cases of indication.
· If the indication is before/during URLLC transmission, then additional monitoring and processing of such indication is required at an eMBB UE. To minimize the processing complexity, the indication channel may have physical structure that allows detecting it with minor additional efforts. Moreover, a UE may try to detect the URLLC presence only in case of failed decoding, i.e. re-process the reception buffer assuming there is an indication. Additionally, such indication may be described as resource reservation for forward compatibility, which may also be applied for uplink to stop eMBB transmissions.
Alternatively, eMBB UE may be allowed to monitor downlink control channel of URLLC in order to extract scheduling information and identify which resource elements are overlapped with its own transmission.
· Indication in downlink control channel monitoring occasions (e.g. in the next slot) has minimum impact on eMBB UE complexity however introduces additional delay to the TB processing which may be tolerable for K1 values more than 0. This DCI based indication may either be UE-specific or common . Moreover, such indication may be accompanied with scheduling of the retransmission of impacted resources.
In our view, both approaches may be further considered since they may provide different impact on eMBB UE  performance.
· What is gNB-associated operation?
gNB schedules URLLC transmission in the resources already scheduled for an eMBB transmission. If preemption indication is introduced, then gNB may re-schedule the corrupted data in the upcoming slots assuming the UE cannot recover the information w/o additional retransmission or based on UE feedback.
· What is UE-associated operation?
UE detects the indication information and adjusts receive processing accordingly. If there is a retransmission scheduled by gNB related to the corrupted TB, a UE follows the indication information to properly combine initial transmission with the retransmission.

	NTT DOCOMO
	· Which types of information should be indicated?
· Indication of time-frequency resource where eMBB transmission is impacted is beneficial. Feasible granularity of the indication needs further study.
· When would it be indicated?
· As it is difficult to predict the packet arrival timing of URLLC, post-indication of URLLC transmission will be baseline. 
· What is gNB-associated operation?
· gNB may transmit the preemption indicator to eMBB UE(s). The indication can be included in the DL assignment for retransmission. If BLER degradation for initial transmission is limited with the preemption indicator, then earlier indication of the preemption indicator is considered.
· What is UE-associated operation?
· The UE behaviour after detecting the preemption indication associated to a DL data is left to implementation if the indication is in the DL assignment. 

	CMCC
	· Which types of information should be indicated?
To get better decoding performance, it is helpful for the eMBB UEs to know which part of its transmission has been corrupted. One indication information can be the time and frequency location of preempted or impacted eMBB resources. The detailed time and frequency location indication method can be FFS.
In addition, if supplementary transmission will be arranged later, indication of the time and frequency domain location and transmission format for the preempted part(s) can also be provided.
· When would it be indicated?
For eMBB UEs, the preempted or impacted resources is unclear before the end of each scheduling unit, since it is possible that the ongoing traffic of eMBB UE be preempted more than once on different time and frequency resources. So the indication can happen at the end of the slot with preemption, in a cell specific or UE specific way.
· What is gNB-associated operation?
Once gNB decides to transmit URLLC data in resources scheduled for ongoing eMBB traffic, the gNB needs to tell the URLLC UEs of the scheduled resources by DCI, and generates and transmits the above-mentioned indication message to eMBB UEs. If the indication is cell-specific, gNB has to collect and make some processing for all preempted resource information.
Moreover, some HARQ related information such as whether to retransmit the preempted parts, and if so, how to retransmit the corrupted eMBB date may be needed.
· What is UE-associated operation?
If indication is provided at the end of the slot, eMBB UE needs to decode such information. For the decoding of eMBB data, the UE can either wait until successfully decoded the indication, or start to decoding both eMBB and indication simultaneously and use the indication information to assist further decoding or A/N feedback. To reduce complexity of eMBB UE to acquire indication information, the transmission format and location of the indication information can be preconfigured.

	Vivo
	· Which types of information should be indicated?
The explicit indication includes at least the time-domain information of URLLC transmission. Signalling overhead should be considered for indication granularity of URLLC transmission. 
· When would it be indicated?
The indication is as early as possible. Scheduling grant for eMBB UE can include the reserved resources for URLLC data.
· What is gNB-associated operation?
According to URLLC traffic arrival, gNB transmits URLLC data in the reserved resource firstly. When no available resources, puncturing operation of eMBB data is performed.
· What is UE-associated operation?
eMBB UE can have two decoding assumptions. First, URLLC data is not transmitted in the reserved resource. Another, there is URLLC transmission.

	LG
	· Which types of information should be indicated?
Information about punctured time resource (e.g., OFDM symbols, mini-slots, slots) can be considered if indication mechanism is adopted. When CB-level retransmission is used, indication can be per CB where affected CBs can be indicated implicitly or explicitly. However, as shown in our contribution (R1-1611849), the performance gains with CB-level retransmission or explicit indication are rather limited particularly in low SINR. In our view, trade-off between performance gain and overhead of indication needs further study. 
· When would it be indicated?
Different indication mechanisms can be considered. If CB-level retransmission mechanism is considered, indication can be done at retransmission. Indication at the end of the slot or next slot can be also considered to flush out damaged portions. Indication can be also implicit where eMBB can be scheduled based on mini-slot where indication of “scheduled” mini-slot can be used instead of indicating punctured symbols. For example, in every mini-slot, eMBB UE will searches indication of eMBB usage, then it can assume URLLC puncturing has not been occurred. Otherwise, it may simply assume that the mini-slot has not been scheduled to the eMBB UE. Due to potential high overhead and UE complexity, this mechanism needs to be evaluated with potential benefits. 
· What is gNB-associated operation?
For CB/TB retransmission, different RV may be used depending on the reason of NACK. In case of puncturing, it is generally desirable to transmit RV = 0 to transmit system bits at least in case puncturing occurs at initial transmission. Otherwise, different RV would be used. 
· What is UE-associated operation?
When puncturing is indicated implicitly or explicitly, for CBs affected by puncturing may not be combined with retransmission at least the impact is considerable on a CB. 

	Ericsson
	We are open to study various mechanisms but would like to ensure that the existing mechanisms are not sufficient prior to introducing new mechanism as those can potentially be quite complex. If an indication to a UE receiving data that parts of the resrouces have been “stolen” for transmissions to another UE, the signaling would need to come during an ongoing slot (which would impact the overall design). If it comes after the end of the slot, the first UE may already have tried to decode the data and form a decision on ACK or NAK.
Using hybrid-ARQ is possible but those solutions have been commented upon under “non-indicative approach” below.



Non-indication approach
Regarding the non-indication based approach,
· What is gNB-associated operation?
· What is UE-associated operation?
	Company
	Comment

	OPPO
	In our opition, the non-indication based approach should not be adopted because it brings uncontrolled effects to eMBB UEs.

	ZTE
	In 3GPP, methods have been proposed to improve the retransmission performance, e.g. our-code or multi-bit feedback (CB-based HARQ).These method can be applied regardless if the eMBB UE is punctured or not. In our view the above methods can be combined with the puncturing-indication.

	InterDigital
	Outer-coding can be considered as a non-indication approach. This can be applied together with the indication approach.

	Fujitsu
	The non-indication approach may result in large impact to eMBB UEs. It should be studied based on further performance evaluation.

	Sony
	Non-indication method would need to ensure that the eMBB transmission is robust enough to combat any potential URLLC corruption.  A proposed way is to perform Signal Space Diversity on the eMBB symbols where rotated I & Q components of the symbols are interleaved such that a URLLC corruption would only affect one component of the symbol (R1-1611544).
Another non-indication method would require the UE to blind decode for possible URLLC corruption. One way is to encode URLLC such that it is distinct from eMBB transmissions so that it is easily recognizable.

	Huawei
	One possible non-indication approach is to apply the same scheduling granularity for URLLC and eMBB (slot aggregation is disabled for eMBB UEs). The preemption operation can be avoided in this case. This can be realized for example using a slot of 7 symbols based on 60-kHz-SCS.

	Sharp
	Generally, outside of a purely scheduling based approach, probably the only way to achieve a non-indication based approach would be to have blind detection via different numerologies of eMBB and URLLC (although it can be argued that too is a form of indication), or similar approach.  However, this should be reviewed by RAN4 to assess the feasibility and impact on performance due to INI.
There would still need to be in Sharp's view, definitions of regions where eMBB resources may be used by URLLC transmission. They would be indicated via RRC signaling/configuration.  

	Nokia, ASB
	For non-indication based, it becomes purely eNB implementation, so it is up to the eNB on how to handle the punctured/preempted eMBB transmission. Potentially there are two ways:
1. The eNB continues HARQ retransmission for eMBB and relies on HARQ combining to correct the eMBB packet.
2. The eNB schedules a new HARQ transmission for the punctured/preempted eMBB packet. In this case, the eMBB UE would discard the previous unsuccessful packet and start the new decoding procedure.
There is no change in UE behavior. The operation is transparent to the UE.
The bottom line is that this approach does not have any specification impact.

	Qualcomm
	Both indication and non-indication approach should be supported in NR. The non-indication approach could result to significantly lower overhead and simplified operation. Several methods can be employed to improve the eMBB performance and handle efficiently the undesired effects 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.
· What is gNB-associated operation?
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 codeblock level, and transmit in the same slot and/or retransmit additional parity CBs in the retransmission slot
· What is UE-associated operation?
The UE identifies the CBs that were impacted, and either recover it using the additional parities at the codeblock level, or requests a retransmission and try to recover these CBs in the upcoming slots.

	MTK
	The total absence of indication would lead to eMBB system efficiency loss (re-transmission overhead) and potential performance loss of the HARQ combining at the UE.

	Intel
	In some scenarios, when the URLLC traffic load is low, there may be no additional mechanism needed to handle preemption events. In this case the following behavior is assumed:
· What is gNB-associated operation?
gNB may re-schedule the corrupted transmissions right in the next slot assuming this is a new transmissions (new MAC PDU). In case the corrupted slot carries a retransmission, then the combining operation may fail and trigger an RLC ARQ retransmission, which is considered as a rare event.
· What is UE-associated operation?
In this case, a UE follows usual eMBB operation without any special handling of URLLC preemption events.
Alternatively, it may be further considered whether eMBB UEs can blindly detect the preemption using DM-RS signals. It may be feasible under certain assumption on DM-RS design.

	NTT DOCOMO
	Non-indication approach which requires significant increase in the eMBB UE complexity or additional overhead for eMBB should be avoided. 

	CMCC
	From our perspective, the design of indication is necessary to reduce the impact of preemption on eMBB UEs.  But resources of transmitting indication information can be flexible, e.g., if no preemption happens, the indication information can be omitted. 

	Vivo
	Non-indication based scheduling can bring more blind decoding assumptions at UE side for the potential URLLC transmission positions, which increases UE decoding complexity. 

	LG

	Including implicit indication mechanism, we consider CB-level retransmission, CB-interleaving, and mini-slot based scheduling for non-indication approaches. Non-indication approaches may be still necessary even if indication is used to handle inter-cell interference between eMBB and URLLC, and also enhance the performance for eMBB/URLLC in the same cell. 
· What is gNB-associated operation?
In case eMBB and URLLC can multiplex and URLLC can puncture eMBB data, eMBB data mapping pattern can be changed (e.g., time first and frequency second or CB-interleaving). When CB-level retransmission is used, instead of TB retransmission, the affected CB-level retransmissions can be considered where the feedback (ACK-NACK) can be also CB-level.  
· What is UE-associated operation?
In case CB-level retransmission is used, feedback may be per CB instead of per TB. 


	Ericsson
	Non-indicative approach, in our understanding, could rely on the normal hybrid-ARQ operation. If an ongoing slot-based transmission (e.g. eMBB) is preempted by a mini-slot (e.g. URLLC) and thereby looses some OFDM symbols, hybrid-ARQ retransmissions can take care of this. In particular, if per-CB hybrid-ARQ is used, the resolution is finer and only parts of the data transmitted in the slot may need retransmission.



Scheduling-based approaches
According to previous agreements, scheduling-based approach means that URLLC transmission does not occur in the resources scheduled for ongoing eMBB traffic.
Regarding the scheduling-based approaches,
· Is it semi-static or dynamic or combined operation?
· Is it TDM, FDM or both?
· For URLLC, what is the granularity of scheduled resources in time and frequency domains?

	Company
	Comment

	OPPO
	· Is it semi-static or dynamic or combined operation?
Both should be supported, for different deployment scenarios. Semi-static operation is used when a relatively stable URLLC traffic presents. Sporadic URLLC traffic requires dynamic operation.
· Is it TDM, FDM or both?
Both needed. TDM may be used when URLLC traffic payload arrives at a beginning of an eMBB slot. If it arrives in the mid of an eMBB slot, FDM is perferred so to use the remaining RBs not used by eMBB UEs.
· For URLLC, what is the granularity of scheduled resources in time and frequency domains?
Mini-slot should be the basic time-domain unit. Necessity of a larger time-domain granularity is FFS. Frequency-domain granularity depends on typical URLLC payload size which is unclear so far. A flexible discontiguous RB allocation should be supported since URLLC often needs to use the fragmented RBs after eMBB scheduling.

	ZTE
	We assume that within the context of this email discussion, with the scheduling-based approaches it is meant that both URLLC and eMBB are scheduled in such way that none of the services is taking resources from the other if that one already has an ongoing transmission.
Such an approach had been proposed during the last meeting where eMBB and URLLC are FDMed. There is one frequency region where eMBB-only is operated and another one in which eMBB and URLLC are coexisting according to the above mentioned scheduling approach.
In order to discuss the feasibility of such a method it is good to get “feeling” for the amount of URLLC data is transmitted during one burst. According to previous agreements a realistic assumption is to have 32 bytes to be transmitted with QPSK/CR=1/6. This would give 32*8*6/2 = 768 REs to be transmitted. These are REs will be distributed in time and frequency. Depending on the numerology used and the number of symbols being available for the URLLC burst, the required BW can be very significant which is illustrated in the table below


Therefore, when considering multiplexing between URLLC and eMBB, a FDM approach with reserved URLLC resources does not seem to be efficient, especially when the URLLC traffic is sporadic. The BW that would need to be reserved for the URLLC is very wide and for many available frequency bands, there would not many sub-carriers left for eMBB deployment.
Therefore, in our opinion, it is more suitable to schedule the URLLC transmissions during ongoing eMBB transmissions (described more in section 4). 
Some more thoughts about the reserved URLLC resources: 
This approach has several disadvantages in our view:
· To use the resources efficiently, the size of the co-existence region needs to be reconfigured to adapt to the varying need of bandwidth. This could be done dynamically or semi-statically. In any case, it will increase the overhead.
· When eMBB and URLLC shall use the same resources, their transmission bursts must be aligned and it must be possible to schedule the eMBB with the same short periods as the URLLC. In this method, the scheduling granularity for URLLC is 125ms. Thus, also eMBB would need to be schedulable with a granularity of 0.125ms. URLLC and eMBB need to use the same numerology. Assuming that URLLC uses 60 kHz SCS, means that eMBB also has to use 60 kHz SCS. It cannot be assumed that all eMBB UEs support this SCS and also the power dissipation of the eMBB UE would become larger than necessary. It would be more power efficient to allow longer scheduling units with longer symbol duration for the eMBB UE.
· If 60 kHz SCS is used for URLLC and the delay spread of the channel would require an ECP, then the same would then go for the eMBB. This will decrease the eMBB throughput significantly.
· If eMBB has to use SCS = 60 kHz, it will require a large BW, there will not be so much BW left of the eMBB-only region.
· A guard band between the 15kHz and 60 kHz SCS is needed which is an unnecessary waste. Especially for the case that URLLC would use a high MCS, inter-numerology-interference from the 15 kHz eMBB could have a high impact on the URLLC reliability.
· Usually the scheduling duration for eMBB is longer than for URLLC, for eMBB even slot durations of 1ms are feasible. Why should one then use the 60 kHz SCS for eMBB when having long scheduling periods?
· Even for high Doppler, SCS = 30 kHz is good enough for the eMBB performance. 
If URLLC always must use 60 kHZ SCS, the required BW will be quite significant in bad channel conditions. The feasibility of the URLLC in e.g. 5MHz would depend on the channel conditions.

	InterDigital
	· Is it semi-static or dynamic or combined operation?
· We believe a combined operation is needed. For continuous URLLC traffic, semi-static scheduling is the most efficient approach while for sporadic URLLC traffic, dynamic scheduling is preferred.
· Is it TDM, FDM or both?
· TDM is essential to meet latency requirements for URLLC and FDM is needed as the baseline user multiplexing technique in any OFDMA based system. So both TDM and FDM are needed.
· For URLLC, what is the granularity of scheduled resources in time and frequency domains?
· The minimum scheduling time resource unit should be a mini-slot. The minimum scheduling frequency resource unit should be an RB. These resource units could be aggregated in time or frequency to achieve a target latency or reliability.
· Alternatively, the granularity of the minimum scheduling time resource unit could be aligned with the allocation of resources that would correspond to a codeblock of an eMBB TB. In particular, this could provide further scheduling flexibility if a codeblock-based approach is used for HARQ for eMBB services. Such approach could be useful to increase robustness to puncturing and to minimize retransmission overhead when puncturing of eMBB transmissions would occur.


	Fujitsu
	Both semi-static and dynamic operation should be studied from the perspective of system efficiency.  

	Sony
	Scheduling is always a gNB implementation. Hence, all possible scheduling methods should be available to the gNB for maximum flexibility, i.e. it can be semi-static or dynamic, FDD or TDD and of any granularity.
It should be appreciated that reserving resources for URLLC would not utilize the resources efficiently especially if URLLC is not expected to occur frequently.

	Huawei
	In scheduling-based approaches, eMBB transmission and URLLC transmission are independent of each other. The required standardization effort is expected to be limited.
· Is it semi-static or dynamic or combined operation?
Both sporadic and periodic URLLC traffic would be supported. At least semi-static approaches should be supported for periodic URLLC traffic.
For multiplexing eMBB and URLLC traffic, two regions based on FDM can be identified. In one region, only eMBB traffic is scheduled. In the other region, coexistence of eMBB and URLLC traffic can be realized. The regions can be pre-configured semi-statically or updated dynamically based on load distribution. If scheduling based transmission is adopted in the coexistence region, same granularity of scheduling interval can be used for both URLLC and eMBB transmission. 
· Is it TDM, FDM or both?
At least FDM should be supported in order to meet the low latency requirement of sporadic URLLC traffic.
· For URLLC, what is the granularity of scheduled resources in time and frequency domains?
In scheduling-based approaches, the scheduling interval of URLLC and eMBB in time domain should be the same to avoid preemption operation if slot aggregation is not supported for eMBB and should be configured to provide enough transmission chances for URLLC traffic, e.g. one 60-kHz-SCS-based 7-symbol-slot.

	CATT
	· Is it semi-static or dynamic or combined operation?
It can be combined. Dynamic scheduling using mini-slot granularity would take care of infrequent URLLC traffic.
· Is it TDM, FDM or both?
Both can be used. TDM based on mini-slot granularity is a mechanism to meet the latency target.
· For URLLC, what is the granularity of scheduled resources in time and frequency domains?
Mini-slot granularity

	Sharp
	If it is a semi-static approach, with eMBB resources completely  to URLCC resources in principle, little if anything needs to be specified, except configuration of URLLC and eMBB resources.  However, this is clearly wasteful of time/frequency resources in order to assure a high grade of service/quality of service for URLLC. Hence the agreement of RAN1 #87 wherein URLLC transmission may occur in resources scheduled for ongoing eMBB traffic.
If it is a dynamic approach, then we may be implicitly specifying or determining constraints on the scheduler, and so it is not clear that this approach would be feasible in general to enable efficient sharing of eMBB with URLLC traffic.
As far as the granularity of resources for URLLC, it is suggested that this be considered based on considerations of URLLC traffic types and URLLC traffic arrival statistics for a given beam/cell.

	Nokia, ASB
	Since this is DL, there seems to be no need to differentiate between semi-static and dynamic operation because it is the scheduler behavior. It would be up to the scheduler to decide whether it wants to have the resource sharing semi-statically or dynamically. The UE would have PDCCH configuration for PDCCH monitoring, and DCI for PDSCH reception. The UE does not need to be aware how the resource is shared between URLLC and eMBB.
Similarly, whether it is TDM or FDM is also the scheduler decision (we think the specifications would allow both), and it can be transparent to the UE.
In terms of the granularity of the scheduled resource, both slot and mini-slot (or the (mini-)slot aggregation) should be available for URLLC scheduling. In frequency domain, it can be either one PRB or multiple PRBs, which should follow the resource allocation decision to be made later.

	Qualcomm
	· Is it semi-static or dynamic or combined operation?
If available resources are sufficient for scheduling orthogonally both URLLC and eMBB traffic, then it is a natural choice to use the scheduling-based approach, either dynamically or semi-statically. However, we believe and many companies have shown that such a design is fundamentally an inefficient approach and may not meet 5G URLLC requirements for practical use cases. The preemption approaches, with or without non-indication, should be supported in NR.
Note that, if dynamic scheduling-based approach is allowed, then the monitoring interval has to be the same for both URLLC and eMBB users. Such a small monitoring interval would lead to power inefficiency for eMMB users, and might lead to suboptimal frame structure/pilot and control design for eMBB and significantly lower performance.

· Is it TDM, FDM or both?
As discussed above, if available resources are sufficient for scheduling orthogonally both URLLC and eMBB traffic, then it could be a natural choice to use the scheduling-based approach, either TDM or FDM or both. 

· For URLLC, what is the granularity of scheduled resources in time and frequency domains?
Mini-slots shall be used for URLLC traffic for both the scheduling-based and the preemption/superposition-based approaches, with or without non-indication. In the frequency domain, depending on the mini-slot duration, different granularity could be needed. This needs to be evaluated.


	MTK
	· Is it semi-static or dynamic or combined operation?
Scheduling approaches in general either lead to efficient loss of eMBB, by reserving resources that may not be used by URLLC, or increase the latency of URLLC by restricting the resources that can be used by URLLC transmission.

· Is it TDM, FDM or both?
TDM will increase the URLLC latency, FDM will restrict the frequency domain usage, which may degrade the URLLC performance due to loss of frequency domain diversity. In addition use of FDM for URLLC/eMBB multiplexing with different numerologies will destroy orthogonality between REs. 

· For URLLC, what is the granularity of scheduled resources in time and frequency domains?
Mini-slot granularity for time and wideband allocation for frequency as basic assumptions for URLLC –several URLLC users can be multiplexed in the frequency domain-.

	Intel
	Both semi-static and dynamic scheduling using TDM and/or FDM should be supported in order not to limit scheduling flexibility. In low bands where the available bandwidth is not wide, the more typical mode of operation may be TDM since URLLC requires relatively wide bandwidth to meet the requirements.
Granularity of scheduling of URLLC is a multiple of PRBs in frequency and a mini-slot (multiple mini-slots) or slot in time, which sizes need further analysis.

	NTT DOCOMO
	Similar to eMBB, both dynamic and semi-static scheduling should be supported. Similarly, there are no need to select between TDM and FDM. Both should be allowed by specification.

	CMCC
	· Is it semi-static or dynamic or combined operation?
In our view, combined operation can be adopted, so as to save overhead while keep certain kind of scheduling flexibility. For example, semi-static configured resourced are separately reserved for eMBB and URLLC, and configured resources can be dynamically adjusted to cater for the dynamic traffics.

· Is it TDM, FDM or both?
Even though FDM is more straightforward for the scheduling-based approach, which does not impact the latency of URLLC, the TDM manner may also needs to be studied considering the large available bandwidth for fast transmission of URLLC traffic. 

· For URLLC, what is the granularity of scheduled resources in time and frequency domains?
In time domain, the mini-slot can be a starting point; in frequency domain, whether to adopt RB or subband (consist of a number of RBs) as the scheduling granularity needs to be well studied, to balance the tradeoff between scheduling flexibility and overhead.

	Vivo
	· Is it semi-static or dynamic or combined operation?
All the operations are up to gNB scheduling.
· Is it TDM, FDM or both?
Both can be considered. For periodic URLLC traffic TDM manner can be adopted, whereas FDM manner is more appropriate for sporadic traffic.
· For URLLC, what is the granularity of scheduled resources in time and frequency domains?
Mini-slot granularity is preferred.

	LG
	Generally, we consider that various FDM/TDM approaches are supported, with semi-static and dynamic resource partitioning between URLLC and eMBB. FDM can be beneficial from the latency as TDM would increase the latency (e.g., no DL URLLC scheduling on DM-RS position of eMBB data or control region, or UL region etc). In unpaired spectrum, TDM would have more restriction in terms of latency, thus, possibility of FDM needs to be further considered. The resource partitioning needs to be considered not only between URLLC/eMBB DLs and ULs, but also between URLLC UL and eMBB DL and URLLC DL and eMBB UL.  For example, in unpaired spectrum, UL resources for SR on URLLC or grant-free URLLC transmission need to be dynamically or semi-statically reserved which will not be used by eMBB DL transmission (i.e., blank resource for eMBB DL UEs). DL resources for URLLC may be scheduled by preempting eMBB ULs if semi-static/dynamic resource reservation on URLLC DL is not assumed. Resource sharing between eMBB UL and URLLC UL also need to be considered where puncturing on eMBB UL may not be easily feasible. In such case, scheduling based approach needs to be further considered.  
· For URLLC, what is the granularity of scheduled resources in time and frequency domains?
mini-slot can be used with PRB groups to reduce resource allocation overhead. 

	Ericsson
	This can eb supported using the normal scheduling tools. The gNB can choose to schedule different traffic types in different parts of the spectrum if it wants to 8pure implementation). Also, not all URLLC services may need super-low latency, in which case normal scheduling and slot-based transmissions is sufficient and no particular mechanisms other than those already envisioned for NR are needed..



Others
Companies are encouraged to provide any other solutions for multiplexing of eMBB and URLLC in DL.
	Company
	Comment

	ZTE
	Preferred concept for multiplexing: Puncturing eMBB:
In the agreement from RAN1#87, an eMBB transmission can be configured to use 15, 30 or 60 kHz. In our view it is more suitable to use 15 or 30 kHz for eMBB, because 
· It requires smaller BW, this can be used in narrower frequency bands.
· The scheduling interval for eMBB is usually rather long and does not require short symbol durations or short transmission bursts.
· Better protection against the channel delay spread due to longer symbol and CP duration.
· We do not see a practical reason why to use SCS = 60 kHz for eMBB below 6GHz, more than multiplexing with it with URLLC when URLLC has to use 60 kHz. However, multiplexing of 60 kHz eMBB/URLLC is also supported
In our view, the preferred solution to multiplex eMBB/URLLC is to schedule the eMBB and to puncture some symbols when the URLLC transmission occurs. The URLLC can use different SCS and mini-slots for NCP, as well as 7-symbol slots of ECP.
Transmission burst / symbol alignment:
The key for efficient resource utilization is that the URLLC transmission bursts are aligned with the symbol boundaries of the eMBB numerology.
This is illustrated below for the example of eMBB using 15 kHz. But of course, also 30 or 60 kHz NCP can be used for eMBB with this kind of approach.  
[image: ]

It is worth noting that different kinds of UEs can be multiplexed into the ongoing eMBB transmission. These UEs might also use different CP lengths/overheads. Below, it is illustrated for two URLLC-UEs where one is using 7-symbol ECP and the other 8 symbol NCP which are transmitted during 2OS at 15 kHz.  
[image: ]
For the case that both UEs use 60 kHz, they can be multiplexed by can be performed as well. 
· If the scheduling interval for eMBB is longer than the URLLC scheduling interval, puncturing (or preempting) can be performed for the duration of 1 URLLC transmission interval
· If the scheduling interval for both eMBB and URLLC is the same, then this realization is the equivalent to scheduling For NCP, both eMBB/URLLC have the same slot format with 7 symbols/slot and 8 slots per ms. For ECP both URLLC and eMBB use 7 symbols/slot and 7 slots per ms. This is illustrated below:
[image: ]
FDD/TDD
The multiplexing can be performed for both TDD and FDD. For TDD, it shall be considered that the whole DL of the eMBB UE has to be stopped during the puncturing. However, considering the wide BW of URLLC that might be acceptable.

	InterDigital
	We believe the multiplexing of eMBB and URLLC should also be studied for TDD operation. As an example, in scenarios where the URLLC DL traffic occurs at/in the middle of an eMBB UL TDD transmission, solutions are needed to ensure the URLLC data is transmitted within the latency requirement.

	Fujitsu
	In order to minimize the impact of eMBB data reception without knowing existence of URLLC, MUST-based multiplexing method (e.g. eMBB data occupies high modulation bits while URLLC data occupies low modulation bits; refer to R1-1611895 for details) should be studied.

	Sony
	We think that in addition to pre-emption/puncturing of eMBB by URLLC, superposition of the two should also be allowed. The effect of both superposition and puncturing on eMBB can be considerably mitigated by using signal space diversity in which some part of each eMBB RE is transmitted outside the set of REs affected by URLLC.

We can also conceive of the eMBB slot as composed of mini-slots which are aggregated to transmit eMBB. It can then be arranged to puncture/superpose URLLC only from min-slot boundaries. This allows a significant reduction in the signaling of the punctured eMBB resources.

	CATT
	Although this discussion is about multiplexing eMBB and URLLC in DL, we also need to consider UL aspects and specifically, TDD operation as mentioned by InterDigital. Proposed solutions that are only optimized for DL may not necessarily provide significant overall system benefits.

	Intel
	In dynamic TDD, the timescale of transmission direction switching should be further analyzed in order to meet URLLC requirements. The problem of DL URLLC overlapped in time with UL eMBB or DL eMBB overlapped in time with UL URLLC should be addressed. The more frequent switching may be needed and listening intervals with URLLC transmission announcements as discussed in R1-1609546 may be applied to more efficiently utilize spectrum in case of sporadic URLLC traffic.

	NTT DOCOMO
	For TDD, support of different durations of transmission between eMBB and URLLC needs further discussion as ongoing UL transmission cannot be dynamically suspended.
For eMBB, whether or not CB mapping and RS are designed in a way that eMBB/UCLLC multiplexing in DL is realized in a flexible manner should be discussed and concluded. eMBB DL design may be highly impacted by this answer.

	LG
	We also think multiplexing in unpaired spectrum or a frequency spectrum where DL and UL are TDM-ed needs further investigation. In such case, multiplexing between URLLC UL and eMBB DL/UL and URLLC DL and eMBB UL should be further considered. 
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