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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]This contribution discusses URLLC UL multiplexing. Section 2 discusses intra-UE multiplexing and Section 3 discusses inter-UE multiplexing.
Intra-UE multiplexing
R1-1803359 in RAN1#92bis [1] summarizes intra-UE multiplexing for following two cases. One is handling of overlapping between a scheduled URLLC UL transmission with a scheduled eMBB UL transmission. The other is handling of overlapping between a grant-free URLLC UL transmission with a scheduled eMBB UL transmission.
Handling of overlapping between a scheduled URLLC UL transmission with a scheduled eMBB UL transmission
For this handling, two cases were identified as shown in Figs. 1 and 2. In both cases, after eMBB UL is scheduled, UE is scheduled with a URLLC UL by a later UL grant that is transmitted after the UL grant for eMBB. In Case 1, UL grant for URLLC is received before transmitting eMBB PUSCH. In Case 2, UL grant for URLLC is received during the transmission of eMBB PUSCH. For both cases, following UE behaviour was proposed in [1].
Draft proposal in [1]
· In case a URLLC UL transmission scheduled by a later received UL grant overlaps in time with an eMBB UL transmission scheduled by an earlier received UL grant, UE follows the later received UL grant to proceed the URLLC UL transmission and cancels the eMBB UL transmission.
We think that at least for Rel.15, above approach is basically reasonable. The reason to add “basically” is L1 may not identify URLLC or eMBB transmission. If the latter grant is not for important one like URLLC, the latter grant should not be issued by gNB. Therefore, although the case is eMBB and URLLC handling, the actual behaviour should be just described as two grants relation. If eMBB/URLLC are identified in L1 grant, the case between earlier URLLC grant and later eMBB grant are just unreasonable gNB operation. Therefore, UE is not required to handle this. For further enhancement/optimization, other options could be considered such as to transmit both eMBB UL transmission and URLLC UL transmission or to puncture/pre-empt the middle of eMBB UL transmission and transmit URLLC UL transmission in the punctured/pre-empted UL resources. Our view is such design would not finish in Rel.15 timeframe and be better to study/specify in future release.
Proposal 1: For Rel.15, in case a UL transmission scheduled by a later received UL grant overlaps in time with an UL transmission scheduled by an earlier received UL grant, UE follows the later received UL grant to proceed the UL transmission and cancels the previous UL transmission. Further enhancement is considered as part of future release.
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Fig.1	Case 1
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Fig.2	Case 2

Handling of overlapping between a grant-free URLLC UL transmission with a scheduled eMBB UL transmission
In this case, an eMBB UL transmission scheduled by UL grant overlaps in time with a grant-free resource on which UE intended to transmit URLLC UL (with orthogonal or overlapping frequency resources) as shown in Fig.3. Grant-free resources are configured for URLLC transmission to meet the latency and reliability requirements. After eMBB UL is scheduled, a URLLC packet arrives. In this case, the UE behaviour for handling the collision of dynamic grant scheduled and grant-free transmission should be defined. Following two UE behaviours was proposed in [1].
· Option 1: UE transmits URLLC transmission over dynamic scheduled UL resource
· The dynamic scheduled UL resource should be applicable for URLLC UL transmission
· Option 2: UE transmits URLLC transmission over grant-free resources and cancel the UL transmission over dynamic scheduled UL resource
· The grant-free resource for URLLC UL transmission has higher priority than the dynamic scheduled UL resource for eMBB UL transmission.
Here above assumes grant-free for URLLC transmission can be identified by L1. Although we see some discussion is necessary around this, we further continue the discussion assuming grant-free for URLLC can be identified. On Option 1, it might be impossible in terms of processing timeline. This UE behaviour is only possible if URLLC packet arrival is before eMBB PUSCH encoding starts. Our view is Option 2 is simpler approach and aligned way of handling of overlapping between a scheduled URLLC UL transmission with a scheduled eMBB UL transmission could minimize the standardization effort. Therefore, at least for Rel.15, Option 2 should be specified. For further enhancement/optimization, other options could be considered such as to transmit both eMBB UL transmission and URLLC transmission by simultaneous transmission or multiplexing grant-free URLLC UL data to dynamic scheduled UL resource.
Proposal 2: If grant-free for URLLC (or higher priority grant-free) can be identified in L1, for Rel.15, in case of overlapping between a grant-free URLLC UL transmission and a scheduled eMBB UL transmission, UE transmits URLLC transmission over grant-free resources and cancel the UL transmission over dynamic scheduled UL resource. Further enhancement is considered as part of future release.
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Fig.3	Overlapping with grant-free URLLC UL transmission

Inter-UE multiplexing
In this section, we discuss the issues related to dynamic resource sharing between eMBB UL and URLLC UL from different UEs in NR. In RAN1#92, following agreements related to inter-UE multiplexing were captured in [2].
Agreements:
· Study the options to support dynamic resource sharing between eMBB UL and URLLC UL from different UEs (comparing with existing techniques)
· Option 1: eMBB UE cancels UL transmission when an indication is detected. Details to be discussed/clarified
· UE processing timeline for cancelation
· UE monitoring periodicity
· Group common or UE specific signalling (including the possibility to use eMBB scheduling DCI)
· reliability of indication
· Any impact due to timing advance
· Option 2: UL power control. URLLC UE transmits over the same resource with eMBB UE transmission. The transmission power for URLLC UL is boosted and/or transmission power for eMBB UL is reduced. Details need to be discussed/clarified
· Performance impact to eMBB/URLLC transmission
· How to signal the URLLC transmission power boosting
· How to signal the eMBB transmission power reduction after UL grant
· UE monitoring periodicity
· Processing timeline
· Feasibility of changing eMBB Tx power during the transmission 
· reliability of indication
· Any impact due to timing advance
· Other options including gNB receiver interference cancelation schemes are not precluded
· Aspects to be included in the study
· Processing timeline for grant-based procedure for URLLC in UL
· Applicability of the options to TDD and/or FDD can be studied
· Cases for GB-based & GF-based

eMBB UE cancels UL transmission
UE processing timeline for cancellation
In case of grant-based URLLC, whenever the UE has URLLC traffic, it will send SR to the gNB. Based on the reception of the SR from the URLLC at the gNB, the gNB behaviour needs to be specified when the eMBB UL traffic from different UE(s) is already scheduled for transmission. The cancellation of the eMBB UL transmission based on an indication (pre-emption indication) from the gNB to the UE(s) is discussed as one of the options. The UE processing timeline for cancellation of its eMBB UL transmission is important for the UE to make adjustments to its UL transmission block and empty corresponding resources to be used for URLLC UL transmission from another UE. The base reference for the UE cancellation timeline should be the number of OFDM symbols required for UE processing from the end of PDCCH containing the UL grant reception to the earliest possible start of the corresponding PUSCH transmission from UE perspective. These values were agreed in RAN1#91 and are denoted by N2’; N2’ ≥ N2 + d where N2 is based on the UE capability for sending data-only on PUSCH. The value of N2 and d are also described in the specifications. If N_cancel is the number of symbols required for the UE cancellation timeline from the end of the pre-emption indication reception to the earliest possible start of the corresponding PUSCH transmission from the UE perspective, then N_cancel < N2’. 
Proposal 3: For NR URLLC grant-based UL in Rel. 15, the UE processing time for cancellation of its eMBB UL traffic should always be less than the number of OFDM symbols that are required for the UE processing from the end of PDCCH containing the eMBB UL grant reception to the earliest possible start of the corresponding PUSCH transmission from UE perspective.
For future release, more aggressive timeline should be considered to further improve the latency for the URLLC UL traffic. 
Based on the above proposal, two possibilities can happen. The first possibility being the one that the pre-emption indication is received by the UE(s) with eMBB traffic within the UE processing timeline for cancellation. In such case, the cancellation of the eMBB traffic on the resources to be used for URLLC UL traffic are only cancelled and the rest of resources can still be used for eMBB UL traffic as shown in Fig. 4.


Fig.4	Example of eMBB UL cancellation when UL pre-emption indication is received in time

Proposal 4: For NR URLLC grant-based UL in Rel. 15, if the pre-emption indication is received by the UE(s) with eMBB UL traffic within the UE processing timeline for cancellation, then only the resources to be used for URLLC are cancelled and the remaining resources can be used for the eMBB UL transmission by other UE(s)
 The second possibility is that the pre-emption indication is received by the UE(s) with eMBB traffic when the remaining time for the scheduled eMBB UL transmission is already less than the UE processing timeline for cancellation or the eMBB UL transmission has already started. In such case, the straightforward solution is to simply cancel the remaining eMBB resources from the beginning of the URLLC UL transmission, as shown in Fig. 5. For NR URLLC in Rel. 15, such solution can be agreed, but more advanced solutions can be considered in later release to allow more efficient resource utilization.
Proposal 5: For NR URLLC grant-based UL in Rel. 15, if the pre-emption indication is received late (not within the required timeline for cancellation), then the eMBB UL transmission is cancelled onwards the beginning of the URLLC UL.
In case of grant-free URLLC UL, since there is no SR sent to the gNB, therefore it is not possible for the gNB to send any pre-emption indication to the eMBB UE(s). Hence, it might not be possible to support cancellation of eMBB UL resources to allow transmission of only URLLC UL. 
Observation 1: In NR URLLC grant-free UL in Rel. 15, dynamic cancellation of eMBB UL transmission is not possible as no pre-emption indication can be sent to the UE(s) with eMBB UL traffic. 


Fig.5	Example of eMBB UL cancellation when UL pre-emption indication is received late in time

UE monitoring periodicity
The UE monitoring periodicity for UL pre-emption indication is important to allow sufficient time for UE timeline for cancellation of the eMBB UL transmission. We discuss three possibilities for the UE monitoring periodicity. First, possibility is to have non-slot monitoring of pre-emption indication. In terms of URLLC UE latency, having very frequent possibility of sending pre-emption indication is the most optimal solution because it allows the eMBB resources to be pre-empted at earliest and thus allowing faster grant of resources for URLLC UL UE transmission. However, this is not efficient for the eMBB UEs to constantly monitor pre-emption indication in every non-slot. Therefore, the other possibilities are to increase the monitoring periodicity to either every alternate non-slot or half-slot. The overall latency increases as the periodicity is increasing for UL pre-emption indication. The UE monitoring periodicity can also depend up on how frequent is the URLL UL traffic. In case of infrequent URLLC UL traffic, infrequent periodicity should be sufficient to satisfy the required criteria for URLL UL transmission. On the other hand, for very frequent URLLC UL traffic, it might be better to have frequent UE monitoring periodicity. Based on this, we propose following:
Proposal 6: In NR URLLC grant-based UL in Rel. 15, configurable UE monitoring periodicity for pre-emption indication should be used, which can depend on the URLLC traffic burst. The possible configurable periodicities depends on the number of blind decoding and CCE demodulation for PDCCH for URLLC.

Signalling of UL pre-emption indication
Two possibilities are considered for signalling the UL pre-emption indication: UE-specific signalling or group-common signalling. Similar discussion was done for the DL pre-emption indication and it was agreed to use group-common signalling. For similar reasons as in DL, group-common signalling for UL pre-emption indication could be used. The DCI size for pre-emption indication can be same as the compact DCI size for URLLC. Therefore, how often the pre-emption indication is received and how often the compact DCI is received for URLLC are same.
Proposal 7: In NR URLLC grant-based UL in Rel. 15, group-common signalling for UL pre-emption indication should be supported, where the DCI size for carrying pre-emption indication can be same as the compact DCI size for URLLC. 
Conclusion
In this contribution, we discussed intra-UE and inter-UE multiplexing for NR URLLC UL in Rel. 15 and made following proposals/observations:
For intra-UE multiplexing:
Proposal 1: For Rel.15, in case a UL transmission scheduled by a later received UL grant overlaps in time with an UL transmission scheduled by an earlier received UL grant, UE follows the later received UL grant to proceed the UL transmission and cancels the previous UL transmission. Further enhancement is considered as part of future release.
Proposal 2: If grant-free for URLLC (or higher priority grant-free) can be identified in L1, for Rel.15, in case of overlapping between a grant-free URLLC UL transmission and a scheduled eMBB UL transmission, UE transmits URLLC transmission over grant-free resources and cancel the UL transmission over dynamic scheduled UL resource. Further enhancement is considered as part of future release.
For inter-UE multiplexing:
Proposal 3: For NR URLLC grant-based UL in Rel. 15, the UE processing time for cancellation of its eMBB UL traffic should always be less than the number of OFDM symbols that are required for the UE processing from the end of PDCCH containing the eMBB UL grant reception to the earliest possible start of the corresponding PUSCH transmission from UE perspective.
Proposal 4: For NR URLLC grant-based UL in Rel. 15, if the pre-emption indication is received by the UE(s) with eMBB UL traffic within the UE processing timeline for cancellation, then only the resources to be used for URLLC are cancelled and the remaining resources can be used for the eMBB UL transmission by other UE(s)
Proposal 5: For NR URLLC grant-based UL in Rel. 15, if the pre-emption indication is received late (not within the required timeline for cancellation), then the eMBB UL transmission is cancelled onwards the beginning of the URLLC UL.
Proposal 6: In NR URLLC grant-based UL in Rel. 15, configurable UE monitoring periodicity for pre-emption indication should be used, which can depend on the URLLC traffic burst. The possible configurable periodicities depends on the number of blind decoding and CCE demodulation for PDCCH for URLLC.
Proposal 7: In NR URLLC grant-based UL in Rel. 15, group-common signalling for UL pre-emption indication should be supported, where the DCI size for carrying pre-emption indication can be same as the compact DCI size for URLLC. 
Observation 1: In NR URLLC grant-free UL in Rel. 15, dynamic cancellation of eMBB UL transmission is not possible as no pre-emption indication can be sent to the UE(s) with eMBB UL traffic. 
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