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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In the RAN1 meeting #96bis, the following agreements related to different service types were achieved [1]. 
	Agreements:
When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, for both Type I (if supported) and Type II HARQ-ACK codebooks (if supported), and for dynamically-scheduled PDSCH, down-select from below for the PHY identification for identifying a HARQ-ACK codebook:
· [bookmark: OLE_LINK1]Opt.1: By DCI format
· Opt.2: By RNTI
· Opt.3: By explicit indication in DCI (FFS: new field or reuse existing field)
· Opt.4: By CORESET/search space 
· FFS additional option(s) for Type I HARQ-ACK codebook
FFS: For SPS PDSCH (including SPS release PDCCH)



According to the agreement, we can find that distinguishing between eMBB and URLLC services is necessary in order to construct at least two HARQ-ACK codebooks for supporting different service types for a UE. In this contribution, we firstly provide the necessity to identify URLLC traffic in the physical layer for other cases, and then we discuss the method for differentiation of service types.
On the need to differentiate between eMBB and URLLC services for other cases 
Distinguishing between eMBB and URLLC services has been agreed in order to construct at least two HARQ-ACK codebooks for supporting different service types for a UE. Besides, for other cases, identify URLLC traffic in the physical layer is necessary too. 
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]Intra-UE multiplexing
Seven scenarios have been identified for intra-UE multiplexing in RAN 2 [2]. For Scenario 1 and 3, i.e., dynamic PDSCH/PUSCH collides with dynamic PDSCH/PUSCH, it has been agreed that the later scheduled dynamic data channel has a higher priority.
In Scenario 4, a control channel collides with a control channel, i.e., UCI MUX between PUCCHs. As discussed in our companion paper [4], it is necessary to identify URLLC UCI from eMBB UCI to protect the URLLC UCI transmission by dropping eMBB UCI, when the timeline is not satisfied (i.e., the MUX is not allowable) or the timeline is satisfied but MUX would incur extra transmission delay for URLLC UCI. At least, HARQ-ACK and SR can be classified into URLLC HARQ-ACK/SR and eMBB HARQ-ACK/SR.
In Scenario 5, a control channel collides with a data channel, i.e., UCI MUX between PUCCH and PUSCH. As discussed in our companion paper [5], it is necessary to identify the service type of UCI and data, to perform distinguished UCI mappings. For example, for eMBB UCI colliding with URLLC data, it is necessary to adopt a small beta-offset to allocate less resource for UCI and reserve more resource for data. Alternatively, we can restrict only certain types of eMBB UCI, e.g., eMBB HARQ-ACK, could be piggybacked on URLLC PUSCH.
In Scenario 6, the sum transmit power from two uplink channels in CA/DC mode exceeds the maximum transmit power of UE, and it is necessary to adjust the power of uplink channels with lower priority. In Scenario 7, different power control mechanisms are considered for uplink channels of different service types. For both scenarios, it is necessary to identify an URLLC uplink channel from an eMBB uplink channel, and then the distinguished power adjustment or power control could be implemented.
Observation 1: Distinguish URLLC service from eMBB service in the PHY layer is necessary for intra-UE multiplexing, at least for Scenario 4, 5, 6, 7.
· Inter-UE multiplexing
The UE behavior for DL Preemption Indication (PI) reception is specified in 38.213 [6]. When a UE receives the group common DCI containing PI, it may flush the received data in the indicated resources to avoid buffer contamination. Considering a UE has concurrent eMBB traffic and URLLC traffic, i.e., a hybrid-service UE, it would also receive DL PI. Then if the URLLC transmission of this UE triggers a DL PI, this PI would also be received by the UE itself, flushing the received URLLC data. For the UL PI, the URLLC PUSCH of a hybrid-service UE would trigger a UL PI and the hybrid-service UE stops its own  URLLC transmission if the hybrid-service UE also monitor UL PI and the service identification is not informed in the related UL DCI. 
Moreover, the DL/UL PI triggered by a URLLC transmission from one UE, e.g., UE1, can also indicate a resource colliding with the URLLC transmission from another hybrid-service UE, e.g., UE 2. In such a case, whether UE 2 should follow the indication to prioritize the URLLC transmission of UE 1 or ignore the indication to prioritize its own URLLC transmission needs further consideration.
Observation 2: Distinguish URLLC service from eMBB service in the PHY layer is necessary in case of UL/DL PI scenario for the hybrid-service UE.
According to the analysis above, we find that distinguishing eMBB/URLLC services in the PHY layer is necessary.
Proposal 1: RAN1 shall support at least one PHY identification for identifying eMBB/URLLC services.
Methods for differentiation of service types
For the intra-UE multiplexing, it is found that at least for PUCCH carrying HARQ-ACK or SR and PUSCH, it is necessary to identify whether the uplink channels is for URLLC service or eMBB service. For inter-UE multiplexing (at least the UL inter-UE multiplexing), it is necessary to identify URLLC PUSCH from eMBB PUSCH.
Generally speaking, these uplink channels can be briefly divided into two categories, i.e., dynamically scheduled uplink channel and configured uplink channel. For dynamically scheduled uplink channel, at least including HARQ-ACK of dynamic PDSCH and dynamic PUSCH, it is best to indicate the service type through DCI to provide the flexibility to the most. Four options are listed in the last meeting for service type identification of HARQ-ACK, as shown in the introduction. The method could be generally used for service identification for dynamically scheduled uplink channels. For Opt.3, if adding one field to the DCI to explicitly indicate the service type, the DCI size is increased and the reliability would be degraded. Also, the BD number would be increased. If reusing existing field to realize the differentiation, then the initial function of that field would be limited, in other words, the flexibility of that field will be impacted. Similarly, Opt.4 will limit URLLC data could only be scheduled by in some certain CORESETs or SSs, thus it seems not beneficial to support it from single TRP perspective. With respect to Opt.1 and Opt.2, the choice is related to the URLLC DCI design in PDCCH enhancement agenda. If the length of the newly designed URLLC DCI is aligned with the existing DCI formats, then virtual CRC can be adopted to reduce the false alarm probability. As a result, Opt.2 is preferable in such a case. By contrast, if the newly designed URLLC DCI has a new format, i.e., has a different length from the existing formats, Opt.1 is preferable. Currently, it is better to align the DCI size to reduce the number of BDs, and hence we think Opt.2, i.e., using RNTI to distinguish URLLC HARQ-ACK from eMBB HARQ-ACK, is the first choice.
Proposal 2: For dynamically scheduled uplink channels, use RNTI of the scheduling DCI to differentiate service type.
For configured uplink channels, including HARQ-ACK of SPS PDSCH, configured PUSCH and SR, how to identify the service type requires more study. Maybe we can determine the service type from the logical channels linked to the configured PUSCH or SR configuration. 
[bookmark: _GoBack]Conclusion
In this contribution, we discuss the necessity and methods to distinguish eMBB and URLLC services in intra-UE multiplexing scenarios. The following observations and proposals are made:
Observation 1: Distinguish URLLC service from eMBB service in the PHY layer is necessary for intra-UE multiplexing, at least for Scenario 4, 5, 6, 7.
Observation 2: Distinguish URLLC service from eMBB service in the PHY layer is necessary in case of UL/DL PI scenario for the hybrid-service UE.
Proposal 1: RAN1 shall support at least one PHY identification for identifying eMBB/URLLC services.
Proposal 2: For dynamically scheduled uplink channels, use RNTI of the scheduling DCI to differentiate service type.
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