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1 Introduction

In RAN1#93, a new MCS table including low spectrum efficiency values has been introduced to better support ultra-reliable traffic. RAN1 also agreed on signalling allowing indication of a MCS table on a per-DCI basis [1]. The signalling involves a new parameter provisionally named “new RNTI” [2]. When this parameter is configured, the MCS table is indicated by RNTI scrambling of the DCI. When the parameter is not configured, a MCS table can be indicated by the search space in which DCI is decoded. The detailed wording can be found in Appendix.
The introduction of the new RNTI potentially impacts many functions of the MAC. In this contribution, we identify possible impacts for each function and make a recommendation including a text proposal. For HARQ operation and LCP, we provide analysis and CR in separate companion papers [3]
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[4].
2 Naming of RNTI
The LS from RAN1 [2] states that RAN2 needs to decide on the name of the new RNTI. Such name should unambiguously differ from the existing C-RNTI. Furthermore, naming should highlight the intended function of the RNTI similar to other, existing RNTI e.g., P-RNTI, SI-RNTI, etc. 

Proposal 1: 
The RNTI that indicates the use of low spectral efficiency MCS table (qam64LowSE) for grant-based transmissions is named MCS-C-RNTI.
Consequently, TS38.321 should be updated to support the MCS-C-RNTI mostly in places where C-RNTI is used.
3 Possible Impacts
In this section, we examine possible impacts for each function. 

Random access (5.1)
PDCCH reception occurs during the random access procedure for the following cases:
· PDCCH order for RACH

· Random access response (msg2)

· Contention resolution
The PDCCH order for RACH does not immediately trigger a transmission over UL-SCH. As such, there is no need to allow reception using the new RNTI for this case. One potential benefit would be to allow signalling a different set of RACH parameters, but such enhancement should be discussed separately.
Msg2 is scrambled using C-RNTI in case of contention-free beam failure recovery request or by RA-RNTI otherwise. One question is whether one should also allow reception of the msg2 scrambling using MCS-C-RNTI. Although this would somewhat increase the probability of false DCI detection, this would also allow the network to signal a more conservative MCS in the corresponding grant if data is scheduled.
Proposal 2: 
In case of beam failure recovery request and if MCS-C-RNTI is configured, the UE monitors PDCCH for both C-RNTI and MCS-C-RNTI.
Contention resolution can be based on C-RNTI. It would be possible to support contention resolution on MCS-C-RNTI as well if it is configured. This would allow immediate use of MCS table suitable for ultra-reliable data if available.
Proposal 3: 
Contention resolution can be based on MCS-C-RNTI.
	5.1.4
Random Access Response reception

Once the Random Access Preamble is transmitted and regardless of the possible occurrence of a measurement gap, the MAC entity shall:

1>
if the contention-free Random Access Preamble for beam failure recovery request was transmitted by the MAC entity:

2>
start the ra-ResponseWindow configured in BeamFailureRecoveryConfig at the first PDCCH occasion as specified in TS 38.213 [6] from the end of the Random Access Preamble transmission;

2>
monitor the PDCCH of the SpCell for response to beam failure recovery request identified by the C-RNTI or, if configured, MCS-C-RNTI, while ra-ResponseWindow is running.

1>
else:

2>
start the ra-ResponseWindow configured in RACH-ConfigCommon at the first PDCCH occasion as specified in TS 38.213 [6] from the end of the Random Access Preamble transmission;

2>
monitor the PDCCH of the SpCell for Random Access Response(s) identified by the RA-RNTI while the ra-ResponseWindow is running.

1>
if notification of a reception of a PDCCH transmission is received from lower layers; and

1>
if PDCCH transmission is addressed to the C-RNTI or, if configured, MCS-C-RNTI; and

1>
if the contention-free Random Access Preamble for beam failure recovery request was transmitted by the MAC entity:

2>
consider the Random Access procedure successfully completed.

[…]


	5.1.5
Contention Resolution

Contention Resolution is based on either C-RNTI on PDCCH of the SpCell, MCS-C-RNTI on PDCCH of the SpCell or UE Contention Resolution Identity on DL-SCH.

Once Msg3 is transmitted, the MAC entity shall:

1>
start the ra-ContentionResolutionTimer and restart the ra-ContentionResolutionTimer at each HARQ retransmission in the first symbol after the end of the Msg3 transmission;

1>
monitor the PDCCH while the ra-ContentionResolutionTimer is running regardless of the possible occurrence of a measurement gap;

1>
if notification of a reception of a PDCCH transmission is received from lower layers:

2>
if the C-RNTI MAC CE was included in Msg3:

3>
if the Random Access procedure was initiated by the MAC sublayer itself or by the RRC sublayer and the PDCCH transmission is addressed to the C-RNTI or, if configured, MCS-C-RNTI, and contains a UL grant for a new transmission; or

3>
if the Random Access procedure was initiated by a PDCCH order and the PDCCH transmission is addressed to the C-RNTI or, if configured, MCS-C-RNTI; or

3>
if the Random Access procedure was initiated for beam failure recovery (as specified in subclause 5.17) and the PDCCH transmission is addressed to the C-RNTI or, if configured, MCS-C-RNTI:

4>
consider this Contention Resolution successful;

4>
stop ra-ContentionResolutionTimer;

4>
discard the TEMPORARY_C-RNTI;

4>  consider this Random Access procedure successfully completed.
[…]


DL-SCH/UL-SCH data transfer and HARQ (5.3, 5.4)
These functions are obviously affected by the RAN1 agreements. The current text does not consider the possibility of receiving PDCCH using “new RNTI”. One topic to discuss is whether HARQ retransmissions using a different MCS table should be possible or not, and in the latter case how to handle a DCI modifying the table for a same HARQ process. These issues are discussed in more detail in a companion paper and CR [3]
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Logical channel prioritization (5.4.3)
The introduction of the new MCS table with low spectral efficiency values is motivated by the need to enhance reliability, i.e. a QoS consideration tied to the type of data to be transferred. It would therefore be natural that LCP includes a restriction to prevent data from a logical channel requiring high reliability to be included in a grant not corresponding to the appropriate (low spectral efficiency) MCS table. This is discussed in more detail in [5]. Furthermore, one could consider introducing a maximum PUSCH duration that is dependent on the indicated MCS table. This is because a transmission with low spectral efficiency is expected to require fewer (or no) HARQ retransmission(s). Therefore, the latency budget could be satisfied with a longer PUSCH duration.
A separate issue is the presence of a condition based on reception of a grant with C-RNTI to determine whether the MAC entity shall generate a MAC PDU or not. Such condition needs to also consider the new RNTI.
Proposal 4: 
The condition for skipping the grant in section 5.4.3.1.3 is generalized to both C-RNTI and MCS-C-RNTI.
	5.4.3.1.3
Allocation of resources

 […]

The MAC entity shall not generate a MAC PDU for the HARQ entity if the following conditions are satisfied:

-
the MAC entity is configured with skipUplinkTxDynamic and the grant indicated to the HARQ entity was addressed to a C-RNTI or MCS-C-RNTI, or the grant indicated to the HARQ entity is a configured uplink grant; and

-
there is no aperiodic CSI requested for this PUSCH transmission as specified in TS 38.212 [9]; and

-
the MAC PDU includes zero MAC SDUs; and

-
the MAC PDU includes only the periodic BSR and there is no data available for any LCG, or the MAC PDU includes only the padding BSR.

[…]


DRX (5.7)
Section 5.7 specifies the list of RNTI’s controlled by DRX functionality. One minimal change that is required is to add the new RNTI to this list.
Proposal 5: 
DRX functionality controls PDCCH monitoring activity for MCS-C-RNTI.
In addition, section 5.7 specifies that the Active Time includes the time while a PDCCH indicating a new transmission addressed to the C-RNTI has not been received after successful reception of a RAR. If contention resolution using MCS-C-RNTI is allowed as proposed in Proposal 3, this sentence needs to be updated accordingly.
	5.7
Discontinuous Reception (DRX)

The MAC entity may be configured by RRC with a DRX functionality that controls the UE's PDCCH monitoring activity for the MAC entity's C-RNTI, MCS-C-RNTI, CS-RNTI, INT-RNTI, SFI-RNTI, SP-CSI-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, and TPC-SRS-RNTI. When using DRX operation, the MAC entity shall also monitor PDCCH according to requirements found in other subclauses of this specification. When in RRC_CONNECTED, if DRX is configured, the MAC entity may monitor the PDCCH discontinuously using the DRX operation specified in this subclause; otherwise the MAC entity shall monitor the PDCCH continuously.

[…]

When a DRX cycle is configured, the Active Time includes the time while:

-
drx-onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimerDL or drx-RetransmissionTimerUL or ra-ContentionResolutionTimer (as described in subclause 5.1.5) is running; or

-
a Scheduling Request is sent on PUCCH and is pending (as described in subclause 5.4.4); or

-
a PDCCH indicating a new transmission addressed to the C-RNTI or, if configured, MCS-C-RNTI of the MAC entity has not been received after successful reception of a Random Access Response for the Random Access Preamble not selected by the MAC entity among the contention-based Random Access Preamble (as described in subclause 5.1.4).

[…]


Further DRX enhancements related to the use of multiple MCS tables can also be considered. If the use of a MCS table is associated to the QoS of the data, adapting the timers to the indicated MCS table may provide some power consumption benefits. This could be studied in R16.
Handling of unknown, unforeseen and erroneous protocol data (5.13)
In this section, there are two instances of “C-RNTI” that need to be generalized.
Proposal 6: 
Generalize text on handling of unknown data to MCS-C-RNTI.

	5.13
Handling of unknown, unforeseen and erroneous protocol data

When a MAC entity receives a MAC PDU for the MAC entity's C-RNTI, MCS-C-RNTI or CS-RNTI, or by the configured downlink assignment, containing a Reserved LCID value, or an LCID value the MAC Entity does not support, the MAC entity shall at least:

1>
discard the received subPDU and any remaining subPDUs in the MAC PDU.

When a MAC entity receives a MAC PDU for the MAC entity's C-RNTI, MCS-C-RNTI or CS-RNTI, or by the configured downlink assignment, containing an LCID value which is not configured, the MAC entity shall at least:

1>
discard the received subPDU.


BWP operation (5.15)
The BWP inactivity timer is currently specified to be restarted for PDCCH addressed to C-RNTI or CS-RNTI only. This needs to be extended to MCS-C-RNTI. If contention resolution using MCS-C-RNTI is allowed as proposed in Proposal 3, an additional update needs to be made.

Proposal 7: 
BWP inactivity timer is restarted if a PDCCH addressed to MCS-C-RNTI is received.

	5.15
Bandwidth Part (BWP) operation

[…]
If the bwp-InactivityTimer is configured, the MAC entity shall for each activated Serving Cell:

1>
if the defaultDownlinkBWP is configured, and the active DL BWP is not the BWP indicated by the defaultDownlinkBWP; or

1>
if the defaultDownlinkBWP is not configured, and the active DL BWP is not the initialDownlinkBWP:

2>
if a PDCCH addressed to C-RNTI, MCS-C-RNTI or CS-RNTI indicating downlink assignment or uplink grant is received on the active BWP; or

2>
if a PDCCH addressed to C-RNTI, MCS-C-RNTI or CS-RNTI indicating downlink assignment or uplink grant is received for the active BWP; or

2>
if a MAC PDU is transmitted in a configured uplink grant or received in a configured downlink assignment:

3>
if there is no ongoing random access procedure associated with this Serving Cell; or

3>
if the ongoing Random Access procedure associated with this Serving Cell is successfully completed upon reception of this PDCCH addressed to C-RNTI or MCS-C-RNTI (as specified in subclauses 5.1.4 and 5.1.5):

4>
start or restart the bwp-InactivityTimer associated with the active DL BWP.

2>
[…]


4 Conclusion
In this contribution, we identified potential impacts of introducing a new RNTI to the MAC specification. We made the following proposals and provided corresponding text proposals.
Proposal 1: 
The RNTI that indicates the use of low spectral efficiency MCS table (qam64LowSE) for grant-based transmissions is named MCS-C-RNTI.
Proposal 2: 
In case of beam failure recovery request and if MCS-C-RNTI is configured, the UE monitors PDCCH for both C-RNTI and MCS-C-RNTI.
Proposal 3: 
Contention resolution can be based on MCS-C-RNTI.
Proposal 4: 
The condition for skipping the grant in section 5.4.3.1.3 is generalized to both C-RNTI and MCS-C-RNTI.
Proposal 5: 
DRX functionality controls PDCCH monitoring activity for MCS-C-RNTI.
Proposal 6: 
Generalize text on handling of unknown data to MCS-C-RNTI.

Proposal 7: 
BWP inactivity timer is restarted if a PDCCH addressed to MCS-C-RNTI is received.
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6 Appendix

The relevant agreements taken at RAN1#93 are as follows:

	· 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. 

For both initial transmission and re-transmissions for GF scheduling for URLLC,

· For UL configured grant, the MCS table is configured by the existing parameter associated with the RRC configured grant configuration, which is extended to include the new 64QAM MCS table.

· For DL SPS, RRC indicates whether or not the new 64QAM table is configured. The indication for the new MCS table for DL SPS is separate from the one for grant-based DL scheduling.


Thus, for dynamic scheduling two options are supported to indicate whether the existing or new MCS table is used. In the first option the “new RNTI” is not configured and indication is implicitly by search space if the RRC parameter mcs-table indicates the new MCS table. In the second option the “new RNTI” is configured and DCI scrambling by the new RNTI indicates the new MCS table. For transmission without dynamic scheduling, the MCS table is configured by RRC. 
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