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1. Introduction
RAN2 has successfully specified the LCP procedure for NR considering the support of multiple numerologies, flexible scheduling, and so on. Then, it is required to discuss what we will study as a next step. It should be noted that, since the recent RAN1 ad-hoc meeting on January 2018, RAN1 has just initiated the discussion on the support of ultra-reliable part of URLLC. One of the identified techniques is the MCS/CQI design for URLLC. In this context, we will focus on the following issue in this contribution.

▪How will the MCS/CQI design for URLLC affect the current LCP procedure?

· Review the related RAN1 status and briefly investigate possible scenarios
2. Discussion
1) Background and RAN1 status
Supporting URLLC whose requirements are specified in [X] has been considered to be one of the key design goals for NR. From the low latency perspective, several techniques have been introduced, for instance, the flexible transmission duration, the UE-specific control channel monitoring periodicity, the pre-emption-based URLLC transmission, and so on. On the other hand, from the ultra-reliability perspective, it is true that not much works have been done. In this context, the following objective was captured in the RAN #77 meeting.

· RAN #77 (September 2017), RP-172115

	Support of ultra-reliable part of URLLC [RAN1, RAN2, RAN4]
▪Identify techniques to meet the URLLC requirements set forth by [TR38.913] starting after RAN #76
▪Conduct corresponding URLLC specific normative work after RAN #78 for the selected techniques


In parallel with this, RAN1 has made an effort to enhance CQI and MCS for URLLC, which were previously designed considering eMBB. Accordingly, the following agreements were made in the RAN1 #90bis meeting.

· RAN1 #90bis (October 2017), Chairman’s note

	Agreements:
▪N separate CQI table(s) are supported for URLLC
- Downselect the value of N between 1 or 2
▪Two target BLER are supported for URLLC
- Note: RRC signaling is used by gNB to select one of the two target BLER
- Note: The configuration of target BLER or CQI table is part of CSI report setting


Based on this discussion, the following working scope for RAN1 was proposed and consequently, several contributions were submitted to the recent RAN1 AH #0118 meeting.

· RAN #78 (December 2017), RP-172817, Ericsson

	Proposed scope in RAN1:

▪Specify, CQI table and MCS table design targeting in high reliability

▪Based on the following identified need from RAN1 (see the RAN1 #90bis bullet above)


· RAN1 AH #0118 (January 2018)
	▪R1-1800059, MCS/CQI design for URLLC transmission, Huawei, HiSilicon

▪R1-1800742, CQI and MCS design for URLLC, ZTE, Sanechips

▪R1-1800959, CQI and MCS tables for URLLC, Ericsson


Although there has not been much discussion yet, the main issues of these contributions include the followings.

▪How to determine the target BLER(s) for URLLC?
▪How to set the simulation environments up to generate the MCS/CQI tables for URLLC?
▪How to indicate the MCS/CQI table to be used by a UE (e.g. RRC or DCI) if multiple tables are available?

Observation 1: RAN1 has just initiated the discussion on the support of ultra-reliable part of URLLC. One of the identified techniques is the MCS/CQI design for URLLC.
2) Impact of URLLC-specific MCS on LCP
Remind that the current LCH selection procedure for LCP is based on the following parameters: (a) SCS, (b) maximum PUSCH duration, (c) configured grant type 1, and (d) cells. Hence, when receiving a UL grant, a UE checks the mapping between LCHs and (a) - (d) of the UL grant, selects some of the LCHs allowed to use the UL grant, and finally generates MAC PDU by LCP.

In general, each UL grant is assigned with a specific MCS. If MCS for URLLC is introduced, it is natural that a UL grant with this MCS is used by URLLC LCHs. If this grant is used by eMBB LCHs, spectral efficiency will be degraded due to the unnecessarily robust MCS. The same explanation can be applied to the opposite case. That is, for a UL grant with non-URLLC-specific MCS, URLLC LCHs should not use this grant. Otherwise, the transmission will be failed with high probability due to the MCS that is not robust enough. Accordingly, a UL grant with URLLC-specific MCS (or non-URLLC-specific MCS) implies that this grant will be used for URLLC (or eMBB) LCHs.

Observation 2: A UL grant with URLLC-specific MCS (or non-URLLC-specific MCS) implies that this grant will be used for URLLC (or eMBB) LCHs.
We now consider the following two cases to investigate the impact of different types of MCS on UL scheduling.

▪ Case A: eMBB and URLLC are not supported in the same cell or BWP

This case means that eMBB and URLLC are not mixed in a cell or BWP level. Then, if a gNB configures a MCS table per cell or BWP according to the services, a UE can simply use the configured MCS table by assuming that URLLC-specific MCS (or non-URLLC-specific MCS) will not be used in a cell or BWP for eMBB (or URLLC). In this case, the impact of different types of MCS on UL scheduling is marginal.
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Figure 1 eMBB and URLLC are not supported in the same BWP
Observation 3: If (a) eMBB and URLLC are not supported in the same cell or BWP and (b) a different MCS table can be configured per cell or BWP, there is no significant impact of URLLC-specific MCS on UL scheduling.

▪ Case B: eMBB and URLLC are supported in the same cell or BWP

Different from the above case, it is hard for a UE to distinguish URLLC from eMBB by cell or BWP. Then, we need to consider whether (a) SCS, (b) maximum PUSCH duration, (c) configured grant type 1, and (d) cells can be used for this purpose. If (a) - (d) are enough to distinguish URLLC from eMBB, the UE can select suitable LCHs when a UL grant with a specific MCS is given. On the other hand, if (a) - (d) are not enough to distinguish URLLC from eMBB, the UE can occasionally transmit URLLC (or eMBB) when a UL grant with non-URLLC-specific MCS (or URLLC-specific MCS) is given. Then, we need to study how to avoid this situation.
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Figure 2 eMBB and URLLC are supported in the same BWP
Observation 4: If eMBB and URLLC are supported in the same cell or BWP, it can happen that a UE transmits URLLC (or eMBB) when a UL grant with non-URLLC-specific MCS (or URLLC-specific MCS) is given. It depends on whether the parameters for the LCH selection are enough to distinguish URLLC from eMBB.

Proposal 1: In accordance with the on-going URLLC-specific MCS design in RAN1, RAN2 is required to study its impact on UL scheduling and LCP.
3. Conclusions
Observation 1: RAN1 has just initiated the discussion on the support of ultra-reliable part of URLLC. One of the identified techniques is the MCS/CQI design for URLLC.

Observation 2: A UL grant with URLLC-specific MCS (or non-URLLC-specific MCS) implies that this grant will be used for URLLC (or eMBB) LCHs.

Observation 3: If (a) eMBB and URLLC are not supported in the same cell or BWP and (b) a different MCS table can be configured per cell or BWP, there is no significant impact of URLLC-specific MCS on UL scheduling.

Observation 4: If eMBB and URLLC are supported in the same cell or BWP, it can happen that a UE transmits URLLC (or eMBB) when a UL grant with non-URLLC-specific MCS (or URLLC-specific MCS) is given. It depends on whether the parameters for the LCH selection are enough to distinguish URLLC from eMBB.

Proposal 1: In accordance with the on-going URLLC-specific MCS design in RAN1, RAN2 is required to study its impact on UL scheduling and LCP.
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