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1 Introduction

In RAN1 #93 [1], RAN1 discussed the necessity and design of a new MCS table, as well as the signaling mechanisms required to support it. The following agreements were made: 
	Agreements:

For PDSCH and PUSCH with CP-OFDM, one new MCS table is introduced for URLLC

Agreements:

For PUSCH with transform precoding, one new MCS table is introduced for URLLC

Agreements:

· The lowest SE entry in the new MCS table is the same as the lowest SE entry of the CQI table for BLER target of 10^-5.

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. 




This contribution discusses the impact of these agreements on LCP restrictions. It is a follow-up on the prior discussions [2]
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[3] on this topic.
2 Discussion

2.1 Why the new MCS table has impact on LCP restrictions
The new MCS table agreed by RAN1 introduces new set of MCSes built on very low spectral efficiencies. That allows transmission using the new MCSes to achieve very high reliability. When a data frame is sent using one of those new MCSes, it has very high probability to succeed in fewer number of HARQ transmissions, so that high reliability and low latency can be achieved at the same time. URLLC clearly is one of the services that can benefit from the new high-reliability MCSes.
As a comparison, such a performance is more difficult to achieve by using short TTI and MCS with regular reliability alone. Because when a transmission is performed using a MCS with regular level of reliability, multiple HARQ retransmissions are needed to achieve the kind of reliability required by URLLC service. The overall transmission delay hence equals individual TTI multiplied by the total number of HARQ transmissions. To meet the stringent delay requirement of URLLC, TTI of each transmission must be made very short, which is possible only when performed on a numerology with wide SCS and over more number of subcarriers. It is well understood that this approach is less reliable than focusing transmission power on fewer number of subcarriers over a numerology with narrower SCS. Therefore, when scheduling data that requires both high reliability and low latency, it is better for network to consider both MCS and TTI at the same time. This point can be illustrated by the following example: 

· Suppose an UL grant is half-slot long on 30KHz numerology but uses regular MCS. Then it may not be usable by URLLC, because with the BLER target of regular MCSes, several HARQ transmissions may be required for a data frame. If we also take processing time into consideration, the total transmission delay may exceed URLLC’s latency requirement.

· On the other hand, a UL grant with the same TTI on the same numerology but uses high-reliability MCS can be perfectly usable by URLLC, because fewer number of HARQ transmissions are required, so that reliability and latency requirements can be easily met at the same time.

Some companies argued in the last meeting that URLLC can always be sent using both high-reliability MCS and short TTI. Hence MCS table does not need to be considered for LCP restrictions, because TTI is already part of the restrictions. We do not think that is a good practice, because it violates RAN1’s intention and agreement to allow full flexibility of using the new MCS table and not tie it to a particular service. In addition, such an approach would restrict network from scheduling mini-slots using regular MCSes. For example, suppose a half slot is scheduled for URLLC, then the other half in the same slot has to be allocated for URLLC as well, because short TTI is reserved for URLLC. In our opinion, such a restriction is unnecessary and limits network’s flexibility in scheduling. Another issue with this approach is that it also limits the possibility of supporting URLLC with different types of MCSes. For example, URLLC may be sent over type-1 configured grant, which is contention based. Since contention reduces the benefits of high reliability MCS, network may choose to configure it with short TTI and regular MCS for better efficiency, and meet the reliability requirement by other means such as repetition.   
On the other hand, we do not think the new MCS table can replace TTI or the existing rules in LCP restrictions. For example, there could be some services that require low latency but do not require high reliability. For those services, network only needs to specify the maximum TTI that they can use. For these reasons, we think the LCP restrictions should continue to include the existing set of conditions.

Observation 1.  In addition to maximum TTI, differentiating allowable MCS in LCP restrictions can help better support URLLC.

2.2 Model the new MCS table in LCP restrictions
Based on the RAN1 agreement quoted above, there are two possible ways for network to signal which type of MCS that a grant uses
a) If network configures the new RNTI (to be named) for a UE, then all DCIs whose CRC is scrambled by this new RNTI use a MCS selected from the new high-reliability MCS table. 
b) If the new RNTI is not configured but the value of mcs-Table field in PUSCH-Config IE equals the new MCS table, then DCIs sent in USS use the new high-reliability MCS table and those sent in CSS use the existing MCS table. It is up to network whether or when to schedule a transmission over CSS or USS. 
In the previous contribution [3], we discussed the possibility of applying some type of abstraction to model the impact of the new MCS table, as a way to isolate PHY details from MAC. On the other hand, in the offline discussion conducted in the last meeting [4], most companies preferred to limit the impact to only LCP restrictions. In that case, we think the signalling methods agreed by RAN1 are relatively transparent to MAC and the existing LCP restrictions can be extended as follows. RAN2 can introduce a new field, allowedMCS-Tables, in the IE LogicalChannelConfig. Similar to the use of other parameters in LCP restrictions, if this new field is configured, it specifies all the MCS-tables that a logical channel is allowed to use; otherwise, no restriction on MCS is applied. We think whether or how to configure this field can be completely up to network implementation. For example, network may not configure allowedMCS-Tables for eMBB logical channels, if it wants to allow eMBB to use leftover resources in high-reliability uplink grants. 
In operations, when UE receives an uplink grant, PHY first determines which MCS table it uses, based on either the RNTI used to scramble the grant or the search space in which it is received. PHY then passes this information together with other transmission parameters of that grant to MAC. MAC then uses them to select a right set of logical channels for the LCP procedure.
Proposal 1. 
Introduce a new condition, allowedMCS-Tables, in LCP restrictions. 

Proposal 2. 
If configured, allowedMCS-Tables specifies the set of MCS tables that a logical channel can use. Otherwise, no restriction on MCS is applied to a logical channel.
3 Conclusion
Based on the above discussion, we’d recommend RAN2 to discuss and decide on the following observation and proposals:

Observation 1.  In addition to maximum TTI, differentiating allowable MCS in LCP restrictions can help better support URLLC.

Proposal 1. 
Introduce a new condition, allowedMCS-Tables, in LCP restrictions. 

Proposal 2. 
If configured, allowedMCS-Tables specifies the set of MCS tables that a logical channel can use. Otherwise, no restriction on MCS is applied to a logical channel.
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5 Text Proposal

5.4.3.1.2
Selection of logical channels

The MAC entity shall, when a new transmission is performed:

1>
select the logical channels for each UL grant that satisfy all the following conditions:

2>
the set of allowed Subcarrier Spacing index values in allowedSCS-List, if configured, includes the Subcarrier Spacing index associated to the UL grant; and

2>
maxPUSCH-Duration, if configured, is larger than or equal to the PUSCH transmission duration associated to the UL grant; and

2>
configuredGrantType1Allowed, if configured, is set to TRUE in case the UL grant is a Configured Grant Type 1; and

2>
allowedServingCells, if configured, includes the Cell information associated to the UL grant; and
2> allowedMCS-Tables, if configured, includes the MCS table(s) used by the UL grant.
NOTE:
The Subcarrier Spacing index, PUSCH transmission duration, Cell information and MCS table are included in Uplink transmission information received from lower layers for the corresponding scheduled uplink transmission.
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