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1. Introduction
At the RAN1 January AH NR meeting, following agreements were achieved [1]:
	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

Agreements:
· For an UL transmission scheme without grant
· at least semi-static resource (re-)configuration is supported
· FFS: The resource configuration includes at least physical resource in time and frequency domain and RS parameters
· Higher-layer signaling could be similar to Rel-8 LTE SPS
· FFS: MCS
· RS is transmitted together with data
· channel structure of grant-based data transmission can be starting point



In this contribution, we discuss eMBB and URLLC multiplexing for uplink.

2. eMBB and URLLC multiplexing for uplink
2.1. URLLC uplink
For URLLC services, extremely tight latency/reliability requirements shall be met. In order to satisfy the requirement, UL grant-free transmission will be a promising feature. Network prepare a set of radio resources for UL grant-free transmission and configure it to the UEs. Once the UE is configured with UL grant-free transmission, the UE is allowed to transmit UL data immediately without sending scheduling request (SR).
gNB may fail to receive the UL grant-free transmission with a certain probability due to collision, interference, noise, etc. Therefore, re-transmission mechanism is necessary to ensure the reliable delivery of UL data. Multiple solutions are now under discussions. Among them, we consider that UL grant-based re-transmission is promising. Figure 1 illustrates the possible timelines of the UE procedure in which UL grant-based re-transmission is carried out in case UL grant-free initial transmission is not correctly decoded while gNB is aware of which UE the UL grant-free transmission was done. Two URLLC TTI lengths are assumed; first one is 0.125ms, which corresponds to SCS = 60kHz with 7 symbols, and the other one is 1/6 of 1ms TTI. In the timelines, frame alignment (0.5TTI), UL grant-free transmission (1TTI), gNB processing time (1TTI), UL grant transmission and UE processing time (1TTI), UL grant-based re-transmission (1TTI), and gNB processing time (1TTI), are taken into account. As can be seen in these figures, even if one UL grant-based re-transmission is performed, the total timelines are still within the 1ms delay bound.
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(a) URLLC TTI = 0.125ms.
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(b) URLLC TTI = 2/3-symbol (6 sTTIs within 1ms TTI as in LTE shortened-TTI).
Fig. 1	URLLC UL transmission with UL grant-based re-transmission.

UL grant-based re-transmission is beneficial since it can realize dynamic and flexible scheduling for the re-transmission. gNB can perfectly control the scheduled resources and link-adaptation parameters for the re-transmission. Besides, by scheduling re-transmission on the resources out of the reserved resources for UL grant-free, the probability that the UE transmits UL data in UL grant-free manner can be reduced. Especially when the eMBB and URLLC share the same carrier, it is quite important to keep the spectral efficiency as high as possible, so that high throughput can be guaranteed for eMBB. For this, amount of reserved resources for possible UL grant-free transmission should be minimized. Therefore, the use of UL grant-free transmission should be limited to the initial transmission, and re-transmission should be scheduled/controlled by gNB in UL grant-based manner.
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Fig. 2	Switching from UL grant-free transmission to UL grant-based re-transmission.

The UL grant-free transmission is not necessarily limited to the URLLC use-case. For example, this can be used for eMBB latency reduction or semi-persistent scheduling, e.g., voice services. Especially for eMBB latency reduction, there would be a large amount of traffic in the UE uplink buffer and hence, single UL grant-free transmission would not be enough. Even for URLLC type of services, it may be necessary to transmit large number of packets for particular use-cases. In such case, if the transmission is continuously done by UL grant-free transmission, the resource efficiency will be worse; in order to avoid this, UL grant-free transmission should be limited to the very first transmission, and following UL transmissions should be scheduled/controlled by the gNB. UL grant-free transmission should be able to include BSR type of information, such that the gNB can start dynamic scheduling based on UL grants smoothly.
Proposal 1:
· UL SPS with UL transmission skipping could be the baseline for URLLC UL grant free transmission.
· Retransmission of UL grant-free transmission is scheduled by UL grant.
· Note: In case gNB is not aware of the initial transmission, the UE needs to re-start from UL grant-free transmission.
· Consider following if it is identified that single UL grant-free transmission is not enough to finish the traffic.
· UL grant-free transmission includes BSR type of information.
· After the UL grant-free transmission, remaining data can be scheduled by UL grant(s).

2.2. Multiplexing eMBB and URLLC
As described above, there will be the case where gNB schedules eMBB and URLLC dynamically in the same carrier. For downlink, both with preemption and without preemption were identified as the scenarios, and introduction of puncturing indication was agreed. As for the downlink, it would be beneficial to introduce puncturing indication for uplink. In case of downlink, the puncturing indication tells the UE which part of the downlink channel is impacted; the puncturing itself is done by the gNB, while UE takes into account the puncturing in its decoding procedure. On the other hand, in case of uplink, the puncturing shall be done by the UE based on the instruction from the gNB, and the UE is just required to puncture the transmission. Therefore, the UE procedure of puncturing uplink channel will be simpler than that of puncturing downlink channel.
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Fig. 3	Puncturing indication for eMBB and URLLC multiplexing for uplink.

For uplink, miss-detection of puncturing indication by eMBB UEs will be critical to the URLLC performance. Therefore, the puncturing indication should be reliable enough. One possible way is to utilize common PDCCH [2]. The common PDCCH is designed such that many (most) eMBB UEs can correctly receive. However, still whether the indication correctly works from reliability point of view is not clear. Further investigation is necessary for this. 
Proposal 2:
· For uplink eMBB and URLLC multiplexing by dynamic scheduling,
· Investigate the feasibility and necessity of uplink puncturing indication.

3. Conclusion
In this contribution, we discussed eMBB and URLLC multiplexing for uplink and proposed following.
Proposal 1:
· UL SPS with UL transmission skipping could be the baseline for URLLC UL grant free transmission.
· Retransmission of UL grant-free transmission is scheduled by UL grant.
· Note: In case gNB is not aware of the initial transmission, the UE needs to re-start from UL grant-free transmission.
· Consider following if it is identified that single UL grant-free transmission is not enough to finish the traffic.
· UL grant-free transmission includes BSR type of information.
· After the UL grant-free transmission, remaining data can be scheduled by UL grant(s).
Proposal 2:
· For uplink eMBB and URLLC multiplexing by dynamic scheduling,
· Investigate the feasibility and necessity of uplink puncturing indication.
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