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Introduction
In this contribution, we discuss remaining issues on DL data multiplexing with different reliability requirements targeting Rel-15 June release to include essential URLLC functionalities.

Discussion
[bookmark: _GoBack]In the last two RAN1 meetings, UL data multiplexing with different reliability requirements was discussed in the URLLC agenda item where both intra-UE and inter-UE aspects were considered. However, in DL, not much discussion has been made on the intra-UE case despite its importance. In this paper, we discuss DL data multiplexing between URLLC and non-URLLC within a UE which is considered to be an essential URLLC feature. Since the multi-carrier approach works at relatively high cost, the single carrier UE should be the baseline for the intra-UE service multiplexing. It is preferred to be discussed targeting Rel-15 June release, but may be deferred considering the timeline that only one RAN1 meeting is left.
Proposal 1: NR Rel-15 June release supports data multiplexing with different reliability requirements within a UE at least in DL.

Transmission interruption by detected PDCCH
The current pre-emption indication mechanism seems difficult to be reused to the intra-UE DL data multiplexing. Because UE cannot distinguish service type of each transmission at the physical layer, the current pre-emption indication cannot be selectively applied to the eMBB PDSCH. Thus, some complementary solution is required (discussed in the next section). Even if different services or behaviours can be distinguished, the pre-emption indication itself is not the best approach due to time delay (at least a few symbols) and coarse resource granularity (fixed to 14 bits). In the intra-UE case, since UE can always expect where the transmission overlap will occur from the DCI reception, the UE needs not necessarily rely on the pre-emption indicator.
Observation 1: Preemption indication is not efficient for intra-UE DL eMBB and URLLC multiplexing.

Let us consider a UE served with eMBB and URLLC at the same time. The UE should monitor CORESET (or search space) for both eMBB and URLLC scheduling, and it should be very frequent for the URLLC case. In addition, each PDCCH candidate for URLLC requires high aggregation level, e.g., 8 or 16, to meet the 10-5 BLER target. Consequently, the overall CORESET resources may hold a very big portion of the entire physical resources, as described in Fig. 1 as an example.
Fig. 1 illustrates cases that eMBB PDSCH is scheduled around URLLC CORESET. If the eMBB PDSCH is rate matched to the URLLC CORESET as in Fig. 1(a), most of the CORESET resources is wasted when there is not much URLLC traffic. Therefore, the CORESET resources should be reused as much as possible especially when the CORESET is for URLLC. Fig. 1(b) shows the case where the eMBB PDSCH is scheduled on the URLLC CORESET. In this case, one issue is UE should be able to perform blind decoding of PDCCH candidates in the CORESET even if they are overlapped with already scheduled PDSCH, but the current specification does not clearly describe this monitoring behaviour. It seems not be prohibited, but would be good to be clarified.



Fig. 1. eMBB PDSCH scheduling around URLLC CORESET

Fig. 2 depicts the follow-up procedure. If the UE detects a PDCCH which is overlapped with the scheduled PDSCH as in Fig. 2(b), then the UE can honor the PDCCH and prioritize the PDCCH and the corresponding new PDSCH over the old PDSCH. That is, the old PDSCH is punctured by the PDCCH and/or the new PDSCH. On the other hand, if no PDCCH is detected as in Fig. 2(a), there is no impact on the scheduled PDSCH. By doing so, the CORESET resources can be dynamically reused by PDSCH when there is no PDCCH to be transmitted, without affecting the URLLC transmission.
On the other hand, when there is no service multiplexing from a UE perspective, if PDSCH and CORESET overlap, the UE can simply skip monitoring the overlapped CORESET and honor the scheduled PDSCH. Therefore, the monitoring of the overlapped CORESET can be optional, and can be signalled to UE.
Observation 2: eMBB PDSCH and URLLC CORESET for the same UE can dynamically share the resource by gNB scheduling.
Proposal 2: UE is allowed to perform blind decoding of a PDCCH candidate which is overlapped with scheduled PDSCH, and honors the PDCCH if detected.



Fig. 2. PDSCH preempted by detected PDCCH

PDSCH protection from pre-emption indication
In RAN1#92bis, there was discussion on how to protect the DL URLLC transmission from the PI. This issue also stems from the assumption that a UE supports both eMBB and URLLC in the same carrier. There were some proposals but the conclusion was not to change the specification for now [1].
In our view, leaving it to UE implementation is a dangerous approach considering the tight URLLC latency requirement. UE should not wait for the PI reception to decide whether or not to process the received PDSCH. Implicit signaling such as based on DCI size/type or SLIV can be a solution, however, this approach may restrict the scheduling flexibility in particular at the eMBB side or increase the overall scheduling complexity. In this reason, explicit signaling is preferred. For example, CORESET or search space configuration can include information of whether the PDSCH is protected or not from the PI. Another way is to assign multiple C-RNTIs to a UE, e.g., eMBB and URLLC can use different C-RNTIs. Then, UE can apply the PI only to PDSCH scheduled based on a specific C-RNTI.
Proposal 3: UE can be configured with whether scheduled PDSCH is protected from PI or not.

Conclusion
In this contribution, remaining issues on DL data multiplexing with different reliability requirements were discussed, from which the following proposals and observations are drawn:
Proposal 1: NR Rel-15 June release supports data multiplexing with different reliability requirements within a UE at least in DL.
Observation 1: Preemption indication is not efficient for intra-UE DL eMBB and URLLC multiplexing.
Observation 2: eMBB PDSCH and URLLC CORESET for the same UE can dynamically share the resource by gNB scheduling.
Proposal 2: UE is allowed to perform blind decoding of a PDCCH candidate which is overlapped with scheduled PDSCH, and honors the PDCCH if detected.
Proposal 3: UE can be configured with whether scheduled PDSCH is protected from PI or not.
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