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1. Introduction
Intra-UL prioritization in the case of UL resource conflict between control and data (Scenario 5) and between CG and DG (Scenario 2) has been discussed in RAN2 [1]. This contribution looks at potential UL multiplexing schemes to solve UL resource conflict between eMBB and URLLC, and based on the observations it is propose to modify SR procedure in the case of UL resource conflict between PUSCH and SR (for Scenario 5), and to modify Rel-15 rule that DG overrides CG (for Scenario 2).
2. Discussion
2.1.  Multiplexing schemes
When performing intra-UE multiplexing of eMBB data and URLLC data in a slot due to URLLC data arrival after the gNB schedules eMBB data, there could be two schemes – Fig.1 depicts gNB-based UL multiplexing and Fig. 2 depicts UE-based UL multiplexing.
(1)
gNB-based UL multiplexing (by the 2nd DG)
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Fig. 1 gNB-based multiplexing for intra-UE multiplexing

The multiplexing is performed by UL grant-based transmission of URLLC data by PDCCH in response to SR even during ongoing eMBB transmission. The normal SR-based procedure should be taken, where the UE sends SR to the gNB and the gNB assigns the UL grant to the UE. In Fig.1, the first PDCCH includes UL grant for eMBB data. The second PDCCH includes UL grant for URLLC data for which the UE should send SR to inform the gNB of the URLLC data arrival. The UE can switch the transmission from eMBB to URLLC based on the second UL grant indicated by the second PDCCH.
One of advantages of gNB based multiplexing is to enable to allocate proper UL resources for URLLC data by the PDCCH. On the other hand, there is inefficiency in TDD operation. The DL and UL needs to be frequently switched for the PDCCH transmission in DL and the URLLC data transmission in UL, which causes throughput degradation of eMBB because enough DL resources may not be able to be allocated to the eMBB data.
Observation 1:
SR transmission when eMBB resource availability is useful for URLLC data.
Observation 2:
Observation 1 can also fit with the agreement that the late DG overrides the 1st DG.

(2)
UE-based UL multiplexing (by autonomous switching w/o the 2nd DG)
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Fig. 2 UE-based multiplexing for intra-UE multiplexing

Fig. 2 (a): The UE can autonomously start to transmit a new TB of URLLC data by replacing the container of the UL grant of the 1st PDCCH from eMBB to URLLC. For the gNB to facilitate the eMBB decoding, the UE is better to also send an indication which indicates that URLLC data overrides the eMBB data from the slot.
Fig. 2 (b): The UE can autonomously start to transmit a new URLLC data by switching from DG resource allocated by an UL grant of the 1st PDCCH to CG resource. The indication may not be necessarily needed because the gNB is able to start blind detection of PUSCH of eMBB data and URLLC data from the CG slot.
Fig. 2 (c): The UE can autonomously start to transmit a new URLLC data by switching from DG resource allocated by an UL grant of the 1st PDCCH that has overridden the CG to again the CG resource. The UE is better to also send an indication which indicates that URLLC data overrides the eMBB data from the slot.
The advantage of this multiplexing is that the gNB may not always need to configure a PDCCH monitoring interval, e.g. the DL slot where the UE needs to monitor the second PDCCH shown in (1), for the purpose of transmission of urgent PDCCH for URLLC data. This further brings a benefit to TDD operation from the view point that there is no need of frequent switching between the PDCCH monitoring slot in DL and the URLLC data transmission in UL, so that the gNB can configure long UL interval to allocate enough UL resource to the eMBB data. On the other hand, one drawback is that the UL resource for the URLLC data may not be always optimal if the UL resource is pre-configured where the MCS (Modulation and Coding Scheme) is already fixed from the beginning.
Observation 3:
Container switching from eMBB to URLLC and overriding DG by CG is useful.
With the above observations, we think that both gNB-based multiplexing and UE autonomous multiplexing schemes are useful for intra-UE multiplexing. Therefore, we propose that four schemes should be supported and specification update should be started.
Proposal 1:
Support four prioritization schemes in case of eMBB/URLLC multiplexing:
(Scheme 1) 2nd DG overrides 1st DG when the gNB receives SR for URLLC data transmission.

(Scheme 2) UE autonomous switching, where eMBB container is overridden by URLLC container.

(Scheme 3) UE autonomous switching, where CG overrides DG.
(i.e. The CG is pre-configured in different time-frequency resource from DG).
(Scheme 4) UE autonomous switching, where CG overrides DG that has overridden the same CG.
(i.e. The CG is pre-configured in the same time-frequency resource).

2.2.  Specification impact
(1) 
Specification impact by SR transmission [due to Scheme 1]
For the gNB-based uplink multiplexing, as we discussed in the email discussion [104#39], SR PUCCH is not allowed to be sent when UL-SCH resource for eMBB is available (See the procedure below). Therefore, the current specification needs to be updated to enable SR transmission.
Proposal 2:
For supporting Scheme 1 i.e. SR transmission during eMBB resource availability, RAN2 is asked to start updating the current SR procedure.
	1>
else, for the SR configuration corresponding to the pending SR:

2>
when the MAC entity has an SR transmission occasion on the valid PUCCH resource for SR configured; and
2>
if sr-ProhibitTimer is not running at the time of the SR transmission occasion; and

2>
if the PUCCH resource for the SR transmission occasion does not overlap with a measurement gap; and

2>
if the PUCCH resource for the SR transmission occasion does not overlap with a UL-SCH resource:


(2) 
Specification impact by DG overrides DG [due to Scheme 2]
It should be reminded that this case is different from what RAN1 has agreed i.e. “2nd PDCCH overrides 1st PDCCH”. The difference is that there is no 2nd PDCCH and the UE autonomously switches the container carried by the UL grant of the 1st PDCCH from eMBB data to URLLC data. We think that this case has not considered in RAN1. Considering that strict requirement of the URLLC w.r.t very short latency, RAN2 is asked to consider that such an autonomous switching is practically useful, so that send an LS to RAN1 to support this scheme and analyse the RAN1 specification impact.
Proposal 3:
For supporting Scheme 2 i.e. UE autonomous container switching, send an LS to RAN1 to consider this scheme and start analysing the relevant RAN1 specifications.
(3) 
Specification impact by CG overrides DG [due to Schemes 3 and 4]
In our opinion, there would be a specification impact to the current Rel-15 rule that DG always overrides CG in a situations of resource conflict between them (See the procedure below). In the UE-based UL multiplexing, if pre-allocated grant-free resource is available but the eMBB data is already scheduled by PDCCH, the URLLC data is not able to override the eMBB data transmission. Therefore, the current specification needs to be updated to enable URLLC data transmission by CG by overriding DG transmission.
Proposal 4:
For supporting Schemes 3 and 4 i.e. overriding DG by CG, RAN2 should start updating the current UL-SCH procedure.
	For each Serving Cell and each configured uplink grant, if configured and activated, the MAC entity shall:

1>
if the PUSCH duration of the configured uplink grant does not overlap with the PUSCH duration of an uplink grant received on the PDCCH or in a Random Access Response for this Serving Cell:

2>
set the HARQ Process ID to the HARQ Process ID associated with this PUSCH duration;

2>
if the configuredGrantTimer for the corresponding HARQ process is not running:

3>
consider the NDI bit for the corresponding HARQ process to have been toggled;

3>
deliver the configured uplink grant and the associated HARQ information to the HARQ entity.


3. Summary of Proposals
Proposal 1:
Support four prioritization schemes in case of eMBB/URLLC multiplexing:
(Scheme 1) 2nd DG overrides 1st DG when the gNB receives SR for URLLC data transmission.

(Scheme 2) UE autonomous switching, where eMBB container is overridden by URLLC container.

(Scheme 3) UE autonomous switching, where CG overrides DG.
(i.e. The CG is pre-configured in different time-frequency resource from DG).

(Scheme 4) UE autonomous switching, where CG overrides DG that has overridden the same CG.
(i.e. The CG is pre-configured in the same time-frequency resource).

Proposal 2:
For supporting Scheme 1 i.e. SR transmission during eMBB resource availability, RAN2 is asked to start updating the current SR procedure.

Proposal 3:
For supporting Scheme 2 i.e. UE autonomous container switching, send an LS to RAN1 to consider this scheme and start analysing the relevant RAN1 specifications.
Proposal 4:
For supporting Schemes 3 and 4 i.e. overriding DG by CG, RAN2 should start updating the current UL-SCH procedure.
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