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1 Introduction

In RAN1 #92bis, RAN1 discussed the need to have separate BLER targets and CQI tables. The following agreements were made: 
Agreements:

· The two BLER targets that are configurable for URLLC for CSI reporting are:

· Option B. (10-1, 10-5)

· Note: The definition of the test case for the BLER target of 10-5 should take into account channel and interference variations and estimation errors.
Agreements:

· In total, there are two CQI tables for URLLC CQI reporting

· The first table for URLLC CQI reporting is the same as the existing 64QAM CQI table without any change, which is for BLER target 10-1 for URLLC
· Note: this means the agreement on “Highest spectral efficiency for CQI based on 10-1 BLER target for URLLC is no more than 873/1024*6” is overturned

· The new table will have entries corresponding to BLER target 10-5

· For CSI reporting, the CQI field is 4-bit.
Similar consideration is being given to MCS tables to differentiate different reliability requirements of URLLC and eMBB traffic. It is expected that for URLLC traffic network may provide uplink grants using MCS from a separate table(s) specifically designed based on high BLER target.

This contribution discusses the impact of the above changes on MAC-layer procedures.
2 Discussion

2.1 How to differentiate uplink grants in MAC
Based on the above RAN1 agreement, network may send scheduling DCIs using MCSes from different tables. It is important for MAC layer to know this parameter because network may want a specific traffic class to use only certain types of MCS. For example, network may want to limit URLLC traffic to use only MCSes from the table whose spectral efficiency is specifically designed for high reliability. 
RAN1 is still discussing how this information may be signalled to UE. Some of the options include UE using a separate RNTI to decode DCI, adding an indicator in DCI format itself, or using different coreset and search space to signal which MCS table is used. But no matter which option will finally be agreed by RAN1, we think that by the layering principle, MAC layer does not need to know the details of the mechanism used by PHY to differentiate and decode different MCSes. What matters most to MAC layer is which traffic class a grant is intended for, e.g. whether it is for URLLC or eMBB. For this reason, we think MAC layer should use some type of abstraction to differentiate MCSes from tables built on different BLER targets. Such an abstraction would keep MAC specification independent from details of PHY-layer parameters and procedures, as well as details of upper-layer definition of different services. 
We think one possible approach is to introduce two classes of uplink grants in MAC layer. More specifically, 

· Class-1 uplink grants, which are those using MCSes from the table(s) designed for all types of traffic except those require high reliability;

· Class-2 uplink grants are those using MCSes from the table(s) designed for traffic that require high reliability such as URLLC. 
In this approach, after PHY receives an uplink grant, it decodes the DCI and determines the class of this uplink grant. But this step is done by some techniques to be agreed in RAN1, and MAC does not need to care. PHY then passes this information together with other transmission parameters associated with the uplink grant to MAC, to be used in procedures such as LCP restriction (more details in the next section).

We do not think MAC needs to have classification for DL assignments. This is because multiplexing between different logic channels are performed by gNB. Once PHY decodes a TB, MAC only needs to demultiplex the TB. No additional PHY transmission parameter is needed.
Proposal 1. 
Uplink grants using MCS for different BLER targets are referred as class-1 and class-2 uplink grants in MAC specification. 

Proposal 2. 
When an uplink grant is received, PHY indicates to MAC which class this grant is. 

2.2 LCP restriction
In [2], observations are made that an LCH restriction parameter needs to be introduced to support the newly added MCS table(s) for URLLC. We share the similar view on such a need. As argued earlier, network may not want URLLC traffic to be transported in an uplink grant using MCS with high BLER target. 

The classification of uplink grants described in Proposal 1 can help enforce such a policy. More specifically, network can include a rule in the LCP restriction to indicate which class of uplink grants a logical channel can use. For example, for a logical channel supporting URLLC, network may configure it to use only class-2 uplink grants. If a logical channel is not configured with such a rule, then it may use any uplink grants. 
Proposal 3. 
For LCP restriction, network can configure whether a logical channel uses only class-1 or only class-2 uplink grants. If not configured, the logical channel can use any uplink grants.
2.3 HARQ process

Since now there are two possible MCSes to use, we need to discuss if MCSes for uplink grants can change between initial transmission and retransmissions within a HARQ process. We do not think such a behaviour should be allowed. The reason is that there are limitations on changing spectral efficiency between retransmissions, due to having two different LDPC base graphs. According to [3], the base graph for an initial transmission is selected based on its target code rate (e.g. if the target is higher than a threshold, use base graph 1; otherwise, use base graph 2). Once a base graph is selected, it cannot be changed between retransmissions. Given this constraint, network cannot cross the threshold for target code rate during retransmissions, hence no change in the BLER target of MCS. 
With that said, both the eMBB MCS tables and the to-be-designed URLLC MCS table(s) contain a wide range of spectral efficiency values. The only thing the URLLC MCS table(s) offers is even lower spectral efficiency values. So not being able to change MCS tables between retransmissions would not be too restrictive for network in selecting which MCS to use during adaptive retransmission.
Proposal 4. 
UE is not expected to receive uplink grants of different classes between initial and retransmissions. Otherwise, it is up to UE implementation how to handle the TB. 
2.4 Configured uplink grants

For type-1 configured grants, network configures which MCS is used for the configuration in the IE configuredGrantConfig. We think we only need to extend this parameter to include which class of grant it is. For retransmissions, the specific MCS may change because of adaptive retransmission, but for the reason explained in the previous section, the class of grant for retransmissions should not change. If UE receives a retransmission grant addressed to CS-RNTI and based on a different class of grant, it is up to UE implementation how this situation is handled.
Proposal 5. 
For type-1 configured uplink grants, network configures which class of grant it is. 
For type-2 configured grants, currently MCS of a configuration is indicated in its L1 activation message. To support different classes of uplink grants, L1 activation message, which is a scheduling DCI with special combination of field values, can be sent using the same PHY signalling as used for dynamic grants, to indicate which class of grant this configuration should use. An alternative solution could be to RRC configure the class of grant in the configuredGrantConfig IE. However, this approach changes the traditional model in which MCS for type-2 configured grant is by L1 signalling. Hence it is not preferred. 
Proposal 6. 
For type-2 configured uplink grants, activation DCI for the configuration indicates which class of grant it is. 
In Rel-15, at most one configured grant of the same type can be active in any serving cell. With the above designs, we do not see any challenge for UE to identify the class of grant of any retransmissions for any configured grant configuration. Therefore, we conclude no additional differentiation is necessary for procedures related to type-1 or type-2 configured grants. For instance, RAN1 may decide to introduce a new RNTI for DCIs with MCSes for URLLC. We think in that case a single CS-RNTI is still sufficient. There is no need to configure separate CS-RNTIs for configured grants for URLLC and those for eMBB.  
Proposal 7.
No additional differentiation in MCS class is required for procedures related to type-1 or type-2 configured grants. 
For the same reason as for DL dynamic grants, we do not think MAC needs to have differentiation in MCS class for DL SPS. 
3 Conclusion
Based on the above discussion, we’d recommend RAN2 to discuss and decide on the following proposals:

Proposal 1. 
Uplink grants using MCS for different BLER targets are referred as class-1 and class-2 uplink grants in MAC specification. 

Proposal 2. 
When an uplink grant is received, PHY indicates to MAC which class this grant is. 

Proposal 3. 
For LCP restriction, network can configure whether a logical channel uses only class-1 or only class-2 uplink grants. If not configured, the logical channel can use any uplink grants.

Proposal 4. 
UE is not expected to receive uplink grants of different classes between initial and retransmissions. Otherwise, it is up to UE implementation how to handle the TB. 
Proposal 5. 
For type-1 configured uplink grants, network configures which class of grant it is. No additional differentiation is required for the procedures related to them.
Proposal 6. 
For type-2 configured uplink grants, activation DCI for the configuration indicates which class of grant it is. 
Proposal 7.
No additional differentiation in MCS class is required for procedures related to type-1 or type-2 configured grants. 
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