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1. Introduction
NR is targeting to support broad range of vertical services categorized by eMBB, mMTC, and URLLC, by a single technical framework [1]. Multiplexing of the vertical services is an important aspect for efficient operation. 
At the RAN1#86 meeting, the following agreements were achieved:
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At the RAN1#86bis, the following agreements were achieved:
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At the RAN1#87, the following agreements were achieved:
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At the RAN1#87 NR Ad hoc meeting, the following agreements are achieved:


[image: image4]
In this contribution, we discuss the remining details on dynamic multiplexing of eMBB and URLLC for DL and present our proposals.
2. Details on preemption indication
When URLLC transmission occurs in resources overlapping with on-going eMBB transmission, the on-going eMBB transmission will be impacted by URLLC transmission. At the RAN1#87 NR ad hoc meeting, the indication of time and/or freq. region of impacted eMBB resource has been supported. However, the details on when and how to transmit the indication is still FFS. Knowing the region of impacted eMBB resource, eMBB UE can discard the soft bots corresponding to the impacted data and avoid using these soft bits for potential future HARQ combining. From our previous contribution [2], it can be observed that eMBB performance can be greatly improved by setting LLRs corresponding to the impacted data being 0 for decoding.  Therefore, we propose:

Proposal 1: Once the indication is received, the eMBB UE shall set LLRs corresponding to the impacted data being 0 for decoding and for storing them in the soft-buffer

Multiple options have been proposed on when and how to indicate the impacted resource information to corresponding eMBB UEs.  Down selection among the options would be necessary.
Depending on the NW configuration and URLLC traffic pattern, eMBB UE may not be frequently impacted by URLLC transmission. If implicit indication is used, eMBB UE may have to perform implicit detection no matter whether URLLC puncturing happens or not. Therefore, explicit indication is more preferred, and eMBB UE does not need to perform additional detection if there is URLLC puncturing does not happen.
To explicitly signal the preemption indication to corresponding eMBB UEs, PDCCH can be the candidate. For example, DCI can include the explicit field when the eMBB UE is configured to know the punctured resource. Designing a new control channel for preemption indication may not be necessary and could introduce much standardization complexity. Since the URLLC puncturing may only have impact on a subset of UEs with on-going eMBB data, the signaling can be UE specific. On the other hand, the signaling can also be UE common and each eMBB UE can decide by itself whether its own eMBB data is impacted or not. For example, the eMBB UE can compare the occupied resource region of its own eMBB data and the resource region signaled by preemption indication. If there is overlap between the resource regions, the eMBB UE can decide that its own eMBB data transmission has been impacted by URLLC transmission.

Therefore, we propose:
Proposal 2:  Explicit preemption indication should be supported and PDCCH can be the candidate
· DCI can include the explicit field when configured to know the punctured resources
If the eMBB UE also supports URLLC services, the eMBB UE would be able to monitor PDCCH in the same timing granularity as URLLC UE. Therefore, the preemption indication can be signaled to the eMBB UE in the same eMBB TTI where puncturing happens. On the other hand, if the eMBB UE does not support URLLC services, the eMBB UE can only monitor the PDCCH every eMBB TTI. The preemption indication should be then signaled after the current eMBB TTI.  An example is shown in the Figure 1.  
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Figure 1: Indication for resource region that eMBB data transmission is impacted
For indication transmitted after the current eMBB TTI, the indication can be transmitted independently or together with the DCI scheduling eMBB retransmission. In our previous contribution [2], it can be observed that the BLER performance of eMBB still severely degrades due to puncturing even if UE is aware of the impacted/punctured resource, e.g., when a large amount of REs belong to the same CB are punctured or high modulation order is used. In such as case, it would be beneficial if gNB can directly retransmit the CB which is severely impacted by URLLC puncturing without waiting for A/N feedback from the eMBB UE. As both eMBB and URLLC transmissions are scheduled by gNB, gNB should be able to predict whether a CB of eMBB data will be severely impacted due to URLLC, e.g. by the ratio of resource impacted. The retransmission without HARQ feedback happens only when URLLC puncturing happens, and the eMBB performance without URLLC puncturing will not be impacted.

Based on the above discussion, we propose:

Proposal 3: Indication of punctured resources of eMBB is transmitted in either during TTI or after TTI

· For a UE supporting URLLC, the indication can be during the current eMBB TTI

· For a UE not supporting URLLC, the indication should be after the current eMBB TTI
Finally, the granularity of the impacted resource region signaled in preemption indication should be clarified. However, the detailed discussion may highly depend on the decision made in other related topics. Therefore, it should be determined later (in WI phase) after clarifying RS/channel structure, channel coding/HARQ, etc. 

3. Protection on RS/Control of eMBB
With URLLC preemption, the reference signal and control region of eMBB on-going transmission may also be impacted. For example, if DM-RS for eMBB UE is punctured, it is likely that decoding of corresponding DL data fails even if the repair information is indicated. gNB scheduling should manage to avoid scheduling URLLC transmission in symbols where eMBB RS and control signal occupied. However, it may not always be feasible to do such kind of scheduling due to stringent URLLC delay bound. For example, if two symbols are used for DL control channel and following one symbol is fully occupied by DMRS, then maximum latency of three symbols can be additionally introduced for URLLC transmission.
A possible solution would be to define some important REs on specific symbols which carries important RS or control information. If URLLC puncturing happens on these symbols, puncturing on these REs should be avoided and thus the original eMBB RS or control signal is protected. The detailed pattern of REs to be protected can be controlled by the NW or gNB.
Therefore, we propose:

Proposal 4: eMBB transmission on specific REs can be protected from URLLC puncturing if URLLC data transmission overlaps with on-going eMBB data transmission

· The position of the protected REs is under NW or gNB control

4. Conclusion
In this contribution, we discuss the further details of multiplexing of eMBB and URLLC for DL. Proposals are summarized below.
Proposal 1: Once the indication is received, the eMBB UE shall set LLRs corresponding to the impacted data being 0 for decoding and for storing them in the soft-buffer
Proposal 2:  Explicit preemption indication should be supported and PDCCH can be the candidate
· DCI can include the explicit field when configured to know the punctured resources
Proposal 3: Indication of punctured resources of eMBB is transmitted in either during TTI or after TTI

· For a UE supporting URLLC, the indication can be during the current eMBB TTI

· For a UE not supporting URLLC, the indication should be after the current eMBB TTI
Proposal 4: eMBB transmission on specific REs can be protected from URLLC puncturing if URLLC data transmission overlaps with on-going eMBB data transmission

· The position of the protected REs is under NW or gNB control
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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





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


Agreements:


DL dynamic resources sharing between eMBB and URLLC is supported without pre-emption by scheduling the eMBB and URLLC services on non-overlapping time/frequency resources.


No specific specification work is expected  


The above should be captured into TR 38.802
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