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[bookmark: _Ref129681832]In RAN1#92bis, the DCI design for URLLC has been extensively discussed from reliability perspective with simulation results provided by many companies. In this contribution, we first discuss the necessity of identifying the URLLC traffic at the physical layer. We propose to introduce a URLLC specific DCI to distinguish between eMBB and URLLC when these services are multiplexed. Without this differentiation, the reliability of the URLLC traffic would become the same as the eMBB reliability in the multiplexing scenario.
Necessity of identifying URLLC at the physical layer
Issues in the eMBB/URLLC multiplexing scenario
URLLC traffic requires higher reliability and lower latency than eMBB traffic. Thus, when URLLC is multiplexed with eMBB traffic, the URLLC traffic needs to be distinguished from the eMBB traffic in PHY, otherwise, the reliability of URLLC traffic will be the same as the eMBB traffic, failing to meet the latency and reliability requirement of URLLC. The necessity to distinguish URLLC traffic in PHY is discussed specifically in the following cases:
· DL preemption
When a UE receives PI, it may disregard the region as indicated by the PI [1], according to 38.213. This implies that in an eMBB/URLLC multiplexing scenario, that this UE would also flush both eMBB and potential URLLC traffic, if the UE cannot distinguish between them in PHY. Thus, the URLLC traffic needs to be identifiable in PHY so that only eMBB traffic would be flushed but URLLC would not.
· Pipelined decoding in parallel DL receptions
Pipelined decoding may not be possible when two back-to-back PDSCHs are scheduled to one UE. For example, when PDSCH D1, which is eMBB, and PDSCH D2, which is URLLC, are scheduled to the same UE, there would be a processing conflict at the UE side when the processing for D2 needs to be started before the finishing of the processing for D1[2]. If UE cannot identify D2 is URLLC traffic in PHY, it would have to postpone the processing of D2, which is undesirable for URLLC. 
· Grant based intra-UE eMBB/URLLC multiplexing
Similar to the parallel DL receptions case, when two continuous PUSCH arrive at one UE, the pipelined encoding may be not possible. For example, a UL grant for eMBB is sent to the UE and UE starts to process PUSCH D1. Before the end of D1 processing, another UL grant for URLLC is sent to the same UE and actually it wants the UE to start processing PUSCH D2 immediately, even if processing for D1 has not yet finished. In this case, the URLLC PUSCH can either puncture or superpose on the eMBB PUSCH when performing UL transmission. If URLLC cannot be identified in PHY, the processing of D2 cannot be done promptly, which is undesirable for URLLC.
· UCI multiplexing 
Currently, all the ACK-NACK for scheduled PDSCH are multiplexed considering that they have the same reliability requirement. When URLLC service is introduced, the UCI for such services have requirements with lower latency and higher reliability requirements compared to eMBB services. If the current multiplexing principles are also applied to URLLC UCI, then the reliability of URLLC UCI would be the same with normal UCI. Thus, the requirements of URLLC UCI cannot be guaranteed.
Observation 1: Distinguishing eMBB/URLLC in PHY is necessary to enable different data/control target reliability for eMBB/URLLC.
In order to distinguish URLLC and eMBB traffic at PHY layer, the UE needs to know whether the PDCCH is targeted for URLLC or it is targeted for eMBB. An explicit solution requires an extra-bit in the DCI. However this is not economic, as this extra bit is useless when URLLC and eMBB are not multiplexed. An implicit solution is more desirable. Assigning different RNTIs for the eMBB DCI and the URLLC DCI is a straightforward solution. Whenever the UE detects the RNTI for URLLC, it is able to distinguish URLLC traffic from eMBB. Another way is to use a URLLC specific DCI format. As will be discussed later, some issues are identified by reusing fallback DCI for URLLC. Therefore, if RAN1 agrees on supporting a PHY-layer differentiation between URLLC and eMBB, the preferred choice is to use a UE specific DCI, since this also could solve other issues then come up when re-using the fallback DCI for URLLC.
Proposal 1: Use at least one of the following solutions to identify URLLC traffic in PHY
1. Use different RNTIs for URLLC DCI and eMBB DCI.
2. Use URLLC specific DCI format.
Issues on reusing the fallback DCI design
As ultra-reliability is required within a tight latency requirement, the resource and timing related fields of the fallback DCI are not suitable for URLLC. Detailed analysis is provided below:
Time domain resource allocation: It has been agreed for eMBB that the slot boundary is used as the reference to determine the SLIV. For eMBB, PDCCH monitoring is performed at the beginning of the slot. For URLLC, however, since the PDCCH can be monitored in the configured symbols within a slot, using the slot boundary as reference is not suitable anymore. For example, if a PDCCH is transmitted in the middle of a slot, data would never be started at the beginning of the same slot. As a result, using the rules designed for eMBB is not suitable for URLLC. It is more suitable to use the boundary of the PDCCH region as reference point for URLLC PDSCH starting position.
HARQ process number, NDI, RV and MCS/TBS: Only one set of {NDI, HARQ process number, MCS} bit field is needed since only one TB is supported according to an agreement from   RAN1#92. As for the HARQ process number, it was agreed that 4-bits should be fixed both for the fallback DCI and the non-fallback DCI. URLLC traffic is small and sporadic. Having 16 HARQ processes within 1ms is too much.
HARQ-ACK timing and PUCCH resource allocation: It was agreed that 3 bits are used to indicate K1 slot-timing in normal DCI. For URLLC, 3-bit slot indicator together with 3-bit ARI is too much for 1ms latency requirement. Flexibility on symbol-level PUCCH timing should be provided for URLLC, instead of slot-level PUCCH timing flexibility.
Observation 2: Timing related fields of the fallback DCI format are not suitable for URLLC.
Conclusion
In this contribution, we discuss the need to identify URLLC traffic in eMBB/URLLC multiplexing scenario. Identifying URLLC would resolve the reliability issues in the following cases:
1. DL preemption of URLLC traffic
2. Pipelined decoding in parallel DL reception with URLLC traffic occurs
3. Grant based intra-UE eMBB/URLLC multiplexing
4. eMBB/URLLC UCI multiplexing
In addition, the issues of reusing fallback DCI format for URLLC are discussed. Timing related fields of the fallback DCI are not suitable for URLLC. 
The following observations and proposals are made:
Observation 1: Distinguishing eMBB/URLLC in PHY is necessary to enable different data/control target reliability for eMBB/URLLC.
Observation 2: Timing related fields of the fallback DCI format are not suitable for URLLC.
Proposal 1: Use at least one of the following solutions to identify URLLC traffic in PHY:
1. Use different RNTIs for URLLC DCI and eMBB DCI.
2. Use URLLC specific DCI format.
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