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1. Introduction

In RAN1#93 meeting, an offline discussion developed some analysis on eMBB and URLLC data differentiation, as summarized in [1]. It was the general understanding that the NR PHY layer will not use the explicit terminology of URLLC or eMBB. Instead, some flag(s)/indication(s) were considered to identify different set(s) of behaviors. The differentiation indication was first considered to enable a new MSC table for URLLC. Multiple options are ever under consideration, including new DCI format and new RNTI. The agreement in RAN1#93 adopt a configurable new RNTI to indicate the use of the URLLC MCS table.
Agreements:

· For URLLC, for grant-based transmissions, introduce one RRC parameter for configuring a new RNTI.

· When the new RNTI is not configured, existing RRC parameter mcs-table is extended to select from 3 MCS tables (existing 64QAM MCS table, existing 256QAM MCS table, new 64QAM MCS table). 

· When mcs-table indicates the new 64QAM MCS table:
· For DCI format 0_0/1_0 in CSS, existing 64QAM MCS table is used.

· For DCI formats 0_0/1_0/0_1/1_1 in USS, new 64QAM MCS table is used. 

· Otherwise, follow existing behaviour.

· Note: the configuration for DL and UL is separate

· When the new RNTI (via RRC) is configured, RNTI scrambling of DCI CRC is used to choose MCS table:

· If the DCI CRC is scrambled with the new RNTI, the new 64QAM MCS table is used; otherwise, follow existing behaviour.

In the study on “Physical Layer Enhancements for NR URLLC”, more improvements will be studied for achieving higher reliability and lower latency. If the URLLC-specific improvements are only adopted to URLLC traffic, not eMBB, some differentiation mechanism should be studied.
2. Discussions

2.1. Necessity of eMBB and URLLC differentiation
We understand the concerns about adopting the eMBB and URLLC differentiation in R15 specifications. As the first release of NR specifications, R15 should enable a general gNB and UE implementation supporting eMBB and URLLC services. However, if the R16 SI aims to study the further PHY enhancements, the differentiation mechanism should also be studied.
In the R15 standardization, an argument not differentiating eMBB and URLLC is than the same latency target, e.g. 0.5ms should be required for both eMBB and URLLC. However, under the extreme target, different levels of latency requirements are needed for eMBB and URLLC. Since in the NR specifications, most of latency-related parameters are RRC-configured. To enable separate parameter sets configured for eMBB and URLLC, some differentiation mechanism is needed. 
For improvement on reliability, the new MCS table introduced in R15 has provided an example for URLLC-specific improvement. If more reliability improvements not applicable to eMBB are introduced in R16, the similar or other differentiation mechanisms need to be considered.
Proposal 1: The eMBB and URLLC differentiation mechanisms should be studied in R16 SI. 
2.2. Potential parameters different between eMBB and URLLC

Besides MCS table, other PHY parameters and configurations can be optimized for latency and reliability required by URLLC traffic, as introduced in our companion contribution [3]. Following the study conclusions, PHY parameters which may be differently configured for eMBB and URLLC include:
· PDCCH resource (CORESET, search space) configuration;
· PUCCH resource (PUCCH resource set, HARQ-ACK timing, Max code rate) configuration;

· PDSCH/PUSCH time domain resource allocation table;

· PDSCH/PUSCH frequency domain resource allocation granularity;

· Power control for uplink channel (PUSCH, PUCCH);

· DCI format (Compact DCI and fallback DCI), if compact DCI size equals to fallback DCI size
· …
For any of above pamameters/configurations, if a new set of parameters/configurations are introduced for URLLC improvements, a differentiation mechanism is needed to trigger the use of the new parameters/configurations.
Proposal 2: The eMBB and URLLC differentiation mechanisms can be used to enable the new parameters/configurations introduced for URLLC improvements. 

2.3. Indication of differentiation
Various types of differentiation indications have ever been studied in R15 standardization.
The first type of indication is the DCI format, e.g. fallback DCI or new-defined compact DCI. In this approach, the new parameters/configurations introduced for URLLC improvements can be mapped to a specific DCI format. When the DCI format is used to schedule the resource of a PHY channel, the new parameters/configurations are used. Otherwise the legacy parameters/configurations are used. The advantage of this approach is reusing the new DCI format introduced for achieving higher reliability. Its disadvantage is that the new DCI format only provides a limited payload which restricts the scheduling flexibility and low latency.
The second type of indication is the new RNTI which has been used to indicate the URLLC-specific MCS table in R15. When the new RNTI is used to scramble the DCI scheduling resource of a PHY channel, the new parameters/configurations are used. Otherwise the legacy parameters/configurations are used. The advantage of this approach is that all DCI formats can be used to scheduling URLLC resource, and then can well support different levels of URLLC services, and tradeoff between latency and reliablity requirements. Its disadvantage is the false alarm probability increase issue, as pointed out by some companies in R15.
The third type of indication is the direct identification of URLLC services. Although for the limited URLLC-specific design in R15, the general identification of URLLC services seems not necessary. However, aiming at the further improvements for URLLC, this approach should not be precluded in R16 study.
Proposal 3: Various types of differentiation indications should be studied, e.g. DCI format, new RNTI, direct identification of URLLC services.
3. Conclusions
Based on the analysis on some remaining issues for BWP activation, followings are proposed:

Proposal 1: The eMBB and URLLC differentiation mechanisms should be studied in R16 SI.
Proposal 2: The eMBB and URLLC differentiation mechanisms can be used to enable the new parameters/configurations introduced for URLLC improvements.
Proposal 3: Various types of differentiation indications should be studied, e.g. DCI format, new RNTI, direct identification of URLLC services.
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