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	Reason for change:
	Some corrections for CB-Msg3-EDT procedure are needed.
<1> CB-RNTI is only described as being used for CB-Msg4 monitoring, while the intention is that it should also be used for CB-Msg3 scrambling.
<2> R2#132 agreed that - the determination of the MPDCCH narrowband for CB-Msg4 monitoring is based on the value of (Contention Resolution identifier included in CB-Msg3 mod 2).
<3> The condition for triggering the Msg3 DCQR needs to be changed to accommodate CB-Msg3-EDT.
<4> For efficient control of temporary peak in load on the CB-Msg3-EDT resources, it must be possible to spread failing users access attempts in the future CB-Msg3 transmission windows. The back off values must cover many multiples of CB-Msg3 periodicity. Consider the repetition, we may need longer back off value. It is simple to have back off value configured as a number of CB-Msg3 transmission window periodicities and it could apply to both NB-IoT and eMTC.
<5> For CB-Msg3-EDT, the UE can perform uplink transmission without the TAT timer running. This is not clear in current MAC SPEC.
<6> The meaning of “CMR reception successful” is unclear. There two terminologies used, one is “CMR” and the other is “MAC CMR”. The terminology should be aligned.   

	
	

	Summary of change:
	
<1> Move the CB-RNTI derivation description from “clause 5.1a.3 CB-Msg4” reception to “clause 5.1a.2 CB-Msg3 transmission”; and in “Table 7.1-2: RNTI usage”, define CB-RNTI is used for CB-Msg3 transmission.
<2> In 5.1a.3, determinate which MPDCCH narrowband is used for CB-Msg4 monitoring. 
<3> The condition for triggering the Msg3 DCQR is updated to include CB-Msg3-EDT case.

<4> The back off index 0 to 12 indicates a back off parameter value of {0, 2, 4, 8, 10, 12, 16, 20, 24, 28, 32, 36, 40} multiples of the CB-Msg3-transmission window periodicity. The back off indexes 13 to 15 are reserved for future usage.

<5> Clarify that for CB-Msg3-EDT, the UE can perform uplink transmission without the timeAlignmentTimer running

<6> To align the terminology, use "MAC CMR" instead of just “CMR”. Replace the confusing terminology "CMR reception successful" with “Contention Resolution successful".

<7> Editorial changes and wording refinement.
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	The CB-Msg3-EDT procedure still has some issue
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5	MAC procedures
<Skip>
[bookmark: _Toc210940665][bookmark: _Toc178249199]5.1a	CB-Msg3-EDT Procedure
[bookmark: _Toc210940666]5.1a.1	CB-Msg3-EDT initialization
The CB-Msg3-EDT procedure is initiated by the RRC sublayer and can only be performed in a non-terrestrial network. If the UE is an NB-IoT UE, the CB-Msg3-EDT procedure is performed on the anchor carrier or one of the non-anchor carriers for which CB-Msg3-EDT resource has been configured in system information.
The following information is assumed to be available before the procedure can be initiated for NB-IoT UEs, BL UEs or UEs in CE mode A, as specified in TS 36.331 [8]:
-	if the UE is a BL UE or a UE in CE mode A:
-	the available set of PUSCH resources associated with one or more enhanced coverage levels for the transmission of the CB-Msg3, cb-Msg3-ConfigSIB.
-	if the UE is an NB-IoT UE:
-	the available sets of PUSCH resources on the anchor carrier, cb-Msg3-ConfigSIB-NB in SystemInformationBlockType2-NB and on the non-anchor carriers, in ul-ConfigList.
-	the mapping of the PUSCH resources into enhanced coverage levels is determined according to the following:
-	the number of enhanced coverage levels is equal to one plus the number of RSRP thresholds present in cb-Msg3-RSRP-CE-Levels-NB.
-	each enhanced coverage level has zero or one anchor carrier PUSCH resource present in cb-Msg3-Config-NB and zero or one PUSCH resource for each non-anchor carrier signalled in ul-ConfigList.
-	enhanced coverage levels are numbered from 0 and the mapping of PUSCH resources to enhanced coverage levels are done in increasing npusch-NumRepetitionsIndex order.
-	when multiple carriers provide PUSCH resources for the same enhanced coverage level, the UE shall randomly select one of them using the following selection probabilities:
-	the selection probability of the anchor carrier PUSCH resource for the given enhanced coverage level, cb-Msg3-ProbabilityAnchor-NB is given by the corresponding entry in cb-Msg3-ProbabilityAnchorList-NB.
-	the selection probability is equal for all non-anchor carrier PUSCH resources and the probability of selecting one PUSCH resource on a given non-anchor carrier is (1 ‑ cb-Msg3-ProbabilityAnchor-NB)/(number of non-anchor PUSCH resources).
-	the criteria to select PUSCH resources based on RSRP measurement per enhanced coverage level, cb-Msg3-RSRP-CE-Level (cb-Msg3-RSRP-CE-Levels-NB for NB-IoT).
[bookmark: _MCCTEMPBM_CRPT98680009___7]-	the number of replicas for CB-Msg3 transmission corresponding to the selected enhanced coverage level, cb-Msg3-NumOfReplicas.
-	CB-Msg3 transmission window configuration corresponding to the selected enhanced coverage level, cb-Msg3-TxWindow, including the transmission window periodicity windowPeriodicity.
-	CB-Msg3ResponseTimer corresponding to the selected enhanced coverage level, cb-Msg3-ResponseWindow.	Comment by vivo: Should we also clarify cb-Msg3-ResponseWindow-NB for NB-IoT?
[bookmark: _MCCTEMPBM_CRPT98680010___7]-	the maximum number of transmission attempts per enhanced coverage level, cb-Msg3-MaxAttemptNum.	Comment by vivo: Should we also clarify cb-Msg3-MaxAttemptNum-NB for NB-IoT?
-	power ramping factor for CB-Msg3 transmission, powerRampingStep.	Comment by vivo: Should be powerRampingStep-r19? 
Aviod ambiguity of using the legacy parameter powerRampingStep for PRACH.

powerRampingStep corresponding to power ramping factor for CB-Msg3 transmission per enhanced coverage level,.powerRampingStep-r19 (powerRampingStep-NB-r19 for NB-IoT)

-	initial CB-Msg3 transmission power, cb-Msg3-InitialReceivedTargetPower.	Comment by vivo: Should we also clarify cb-Msg3-InitialReceivedTargetPower-NB for Nb-IoT?
The CB-Msg3-EDT procedure shall be performed as follows:
-	flush the Msg3 buffer;
-	set the CB_MSG3_TRANSMISSION_COUNTER_CE to 1;
-	if the UE is an NB-IoT UE and if the RSRP threshold of enhanced coverage level 2 configured by upper layers in cb-Msg3-RSRP-CE-Levels-NB and the measured RSRP is less than the RSRP threshold of enhanced coverage level 2:
-	the MAC entity considers to be in enhanced coverage level 2;
-	else if the measured RSRP is less than the RSRP threshold of enhanced coverage level 1 as configured by upper layers in cb-Msg3-RSRP-CE-Level (cb-Msg3-RSRP-CE-Levels-NB for NB-IoT) then:
-	the MAC entity considers to be in enhanced coverage level 1;
-	else:
-	the MAC entity considers to be in enhanced coverage level 0;
-	set the CB-Msg3-EDT backoff parameter value to 0 ms;
-	set current NTA to 0;	Comment by vivo: This is not needed as per the RAN1 TP. 

16.1.2	Timing synchronization
….
In case of CB-Msg3 EDT procedure for a UE communicating over NTN, the start timing of a NPUSCH transmission using CB-Msg3 resource shall be aligned with the start of the corresponding uplink subframe at the UE by assuming  .

-	proceed to the transmission of the CB-Msg3 (see clause 5.1a.2).
[bookmark: _Toc210940667]5.1a.2	CB-Msg3 transmission
Before the CB-Msg3 transmission, the MAC entity shall select cb-Msg3-NumOfReplicas UL grants for CB-Msg3 transmission as follows:
-	select the next upcoming CB-Msg3 transmission window provided by the cb-Msg3-TxWindow associated with the selected enhanced coverage level;
-	randomly select cb-Msg3-NumOfReplicas PUSCH resources in the time domain within the selected CB-Msg3 transmission window from the CB-Msg3 resources provided by cb-Msg3-TimeResource associated with the selected enhanced coverage level;
-	randomly select a frequency domain PUSCH resource for each selected time domain resource provided by prb-AllocationInfoSet (npusch-SubCarrierSetList for NB-IoT) associated with the selected enhanced coverage level.
For BL UEs and UEs in CE mode A, the CB-RNTI associated with the CB-Msg3 transmission window in which the CB-Msg3(s) are transmitted, is computed as:
CB-RNTI = floor (SFN_id/WP) modulo (32) + 32*CE_level + 2401
Where:
-	SFN_id is the first SFN of the selected CB-Msg3 transmission window.
-	WP is the configured CB-Msg3 transmission window periodicity in unit of 10 ms provided by windowPeriodicity.
-	CE_level is the selected enhanced coverage level (0 <= CE_level < 2).
For NB-IoT UEs, the CB-RNTI associated with the CB-Msg3 transmission window in which the CB-Msg3(s) are transmitted, is computed as:
CB-RNTI = floor (SFN_id/WP) modulo (32) + 32*CE_level + 96*carrier_id + 4097
Where:
-	SFN_id is the first SFN of the selected CB-Msg3 transmission window.
-	WP is the configured CB-Msg3 transmission window periodicity in unit of 10 ms provided by windowPeriodicity.
-	CE_level is the selected enhanced coverage level (0 <= CE_level < 3).
-	carrier_id is the index of the UL carrier associated with the selected UL grants (0 <= carrier_id < 16). The carrier_id of the anchor carrier is 0.
The CB-Msg3 transmission shall be performed as follows:
-	the CB-MSG3_RECEIVED_TARGET_POWER is set to cb-Msg3‑InitialReceivedTargetPower + (CB_MSG3_TRANSMISSION_COUNTER_CE – 1) * powerRampingStep;
-	if this is the first attempt of CB-Msg3 transmission within the selected CB-Msg3 transmission window:
-	obtain the MAC PDU to transmit from the "Multiplexing and assembly" entity and store it in the Msg3 buffer.
[bookmark: _Toc210940668]5.1a.3	CB-Msg4 reception
Once all the CB-Msg3s of a CB-Msg3 transmission window are transmitted, the MAC entity shall monitor the PDCCH of the SpCell, while CB-Msg3ResponseTimer is running, for CB-Msg4(s) identified by the CB-RNTI as defined in clause 5.1a.2 defined below.
For BL UEs and UEs in CE mode A, the CB-RNTI associated with the CB-Msg3 transmission window in which the CB-Msg3(s) are transmitted, is computed as:
[bookmark: _MCCTEMPBM_CRPT98680011___2]CB-RNTI = floor (SFN_id/WP) modulo (32) + 32*CE_level + 2401
Where:
-	SFN_id is the first SFN of the selected CB-Msg3 transmission window.
-	WP is the configured CB-Msg3 transmission window periodicity in unit of 10 ms provided by windowPeriodicity.
-	CE_level is the selected enhanced coverage level (0 <= CE_level < 2).
For NB-IoT UEs, the CB-RNTI associated with the CB-Msg3 transmission window in which the CB-Msg3(s) are transmitted, is computed as:
[bookmark: _MCCTEMPBM_CRPT98680012___2]CB-RNTI = floor (SFN_id/WP) modulo (32) + 32*CE_level + 96*carrier_id + 4097
Where:
-	SFN_id is the first SFN of the selected CB-Msg3 transmission window.
-	WP is the configured CB-Msg3 transmission window periodicity in unit of 10 ms provided by windowPeriodicity.
-	CE_level is the selected enhanced coverage level (0 <= CE_level < 3).
-	carrier_id is the index of the UL carrier associated with the selected UL grants (0 <= carrier_id < 16). The carrier_id of the anchor carrier is 0.
For BL UE or UE in enhanced coverage, the narrowband used for first subframe of MPDCCH for CB-Msg4 monitoring is determined by higher layer parameter mpdcch‑Narrowband‑r19 if only one narrowband is configured, otherwise, it is determined from Table 5.1a.3-x.	Comment by vivo: For text alignment, we suggest “For BL UEs and UEs in CE mode A”
Table 5.1a.3-x: Narrowband for MPDCCH of CB-Msg4
	Mapped UE Contention Resolution Identity
	Narrowband for MPDCCH monitoring

	(UE contention resolution Identity) modulo 2 = 0
	First narrowband configured by higher layer parameter mpdcch‑Narrowband‑r19

	(UE contention resolution Identity) modulo 2 = 1
	Second narrowband configured by higher layer parameter mpdcch‑Narrowband‑r19



After the CB-Msg3 transmission, the MAC entity shall:
-	start the CB-Msg3ResponseTimer at the subframe that contains the end of the selected CB-Msg3 transmission window plus UE-eNB RTT;
-	monitor the PDCCH while CB-Msg3ResponseTimer is running;
-	if notification of a reception of a PDCCH transmission is received from lower layers; and
-	if the CB-Msg4 is successfully decoded:
-	if the CB-Msg4 contains a CB Backoff Indicator subheader:
-	set the CB-Msg3-EDT backoff parameter value as indicated by the BI field of the CB Backoff Indicator subheader and Table 7.2-x1, except for NB-IoT where the value from Table 7.2-2 is used.
-	else:
-	set the CB-Msg3-EDT backoff parameter value to 0 ms.
-	if the CB-Msg4 contains one or more MAC CMRs; and
-	if there is a UE Contention Resolution Identity in a MAC CMR that matches the first 48 bits of the CCCH SDU transmitted in CB-Msg3(s):
-	consider CMR reception this Contention Resolution successful;
-	discard the CB-RNTI;
-	stop CB-Msg3ResponseTimer if running;
-	flush the HARQ buffer used for transmission of the MAC PDU in the Msg3 buffer;
-	if the corresponding MAC CMR contains a Timing Advance Command field:
-	process the received Timing Advance Command (see clause 5.2).
-	start the timeAlignmentTimer associated with this TAG;
-	if the corresponding MAC CMR contains a C-RNTI field:
-	set the C-RNTI to the value of the C-RNTI field.
-	finish the disassembly and demultiplexing of the MAC PDU;
-	consider CB-Msg3 transmission successfully completed;
-	if the C-RNTI field is absent in the corresponding MAC CMR and no corresponding MAC SDU is present in CB-Msg4:
-	indicate the CB‑Msg3‑EDT procedures have been successfully completed without an RRC message the successful completion of CB-Msg3-EDT procedure to the upper layers.
NOTE:	The UE can receive CB-Msg4 after the CB-Msg3ResponseTimer expired if the corresponding PDCCH is received before the CB-Msg3ResponseTimer expired.
[bookmark: _MCCTEMPBM_CRPT98680013___7]-	if the CB-Msg3ResponseTimer expires:
-	when MAC entity has finished decoding of all received CB-Msg4 and if Contention ResolutionCMR reception is not successful:
-	flush the HARQ buffer used for transmission of the MAC PDU in the Msg3 buffer;
-	increment CB_MSG3_TRANSMISSION_COUNTER_CE by 1;
-	if CB_MSG3_TRANSMISSION_COUNTER_CE = cb-Msg3-MaxAttemptNum for the corresponding enhanced coverage level + 1:
-	discard the CB-RNTI;
-	consider the CB-Msg3 transmission unsuccessfully completed;
[bookmark: _MCCTEMPBM_CRPT98680014___7]-	indicate the transmission using CB-Msg3-EDT has failed to the upper layers.
-	else:
-	based on the CB-Msg3-EDT backoff parameter, select a random backoff time according to a uniform distribution between 0 and the CB-Msg3-EDT backoff parameter value;
-	delay the subsequent CB-Msg3 transmission by the backoff time;
-	proceed to the CB-Msg3 transmission (see clause 5.1a.2).
[bookmark: _Toc29242963][bookmark: _Toc37256220][bookmark: _Toc37256374][bookmark: _Toc46500313][bookmark: _Toc52536222][bookmark: _Toc193402458][bookmark: _Toc29242965][bookmark: _Toc37256222][bookmark: _Toc37256376][bookmark: _Toc46500315][bookmark: _Toc52536224][bookmark: _Toc193402460]<Skip>
[bookmark: _Toc29242956][bookmark: _Toc37256213][bookmark: _Toc37256367][bookmark: _Toc46500306][bookmark: _Toc52536215][bookmark: _Toc210940669]5.2	Maintenance of Uplink Time Alignment
The MAC entity has a configurable timer timeAlignmentTimer per TAG. The timeAlignmentTimer is used to control how long the MAC entity considers the Serving Cells belonging to the associated TAG to be uplink time aligned, as specified in TS 36.331 [8].
The MAC entity shall:
-	when a Timing Advance Command MAC control element is received and if a NTA has been stored or maintained with the indicated TAG:
-	except when the received Timing Advance Command MAC control element is addressed with a PUR-RNTI:
-	apply the Timing Advance Command for the indicated TAG;
-	start or restart the timeAlignmentTimer associated with the indicated TAG.
-	when a Timing Advance Command is received in a Random Access Response message for a serving cell belonging to a TAG:
-	if the UE is configured with pur-Config (see TS 36.331 [8]) and if a NTA has been stored or maintained and no temporary NTA has been stored:
-	store current NTA as temporary NTA (see clause 5.4.7.2).
-	if the Random Access Preamble was not selected by the MAC entity:
-	apply the Timing Advance Command for this TAG;
-	start or restart the timeAlignmentTimer associated with this TAG.
-	else, if the timeAlignmentTimer associated with this TAG is not running:
-	apply the Timing Advance Command for this TAG;
-	start the timeAlignmentTimer associated with this TAG;
-	when the contention resolution is considered not successful as described in clause 5.1.5, stop timeAlignmentTimer associated with this TAG.
-	else:
-	ignore the received Timing Advance Command.
-	when a Timing Advance Command is received in a successful CMR for a serving cell belonging to a TAG:
-	apply the Timing Advance Command for this TAG.
-	when the MAC entity is configured with rach-Skip or rach-SkipSCG:
-	apply timing advance value indicated by targetTA in rach-Skip or rach-SkipSCG for the pTAG;
-	start the timeAlignmentTimer associated with this TAG.
-	when a timeAlignmentTimer expires:
-	if the timeAlignmentTimer is associated with the pTAG:
-	flush all HARQ buffers for all serving cells;
-	notify RRC to release PUCCH/SPUCCH for all serving cells;
-	notify RRC to release SRS for all serving cells;
-	for NB-IoT, notify RRC to release all dedicated resources for SR;
-	clear any configured downlink assignments and uplink grants;
-	consider all running timeAlignmentTimers as expired;
-	else if the timeAlignmentTimer is associated with an sTAG, then for all Serving Cells belonging to this TAG:
-	flush all HARQ buffers;
-	notify RRC to release SRS;
-	notify RRC to release PUCCH/SPUCCH, if configured;
-	clear any configured downlink assignments and uplink grants.
-	upon indication from upper layers to start timeAlignmentTimer, if a NTA has been stored or maintained with the indicated TAG:
-	start or restart the timeAlignmentTimer associated with the indicated TAG.
When the MAC entity stops uplink transmissions for an SCell due to the fact that the maximum uplink transmission timing difference (as described in clause 7.9.2 of TS 36.133 [9]) or the maximum uplink transmission timing difference the UE can handle between TAGs of any MAC entity of the UE is exceeded, the MAC entity considers the timeAlignmentTimer associated with the SCell as expired.
The MAC entity shall not perform any uplink transmission on a Serving Cell, except the Random Access Preamble transmission, and transmissions corresponding to a PUR-RNTI, and transmissions for the CB‑Msg3‑EDT procedure, when the timeAlignmentTimer associated with the TAG to which this Serving Cell belongs is not running. Furthermore, when the timeAlignmentTimer associated with the pTAG is not running, the MAC entity shall not perform any uplink transmission on any Serving Cell except the Random Access Preamble transmission on the SpCell.
The MAC entity shall not perform any sidelink transmission which is performed based on UL timing of the corresponding serving cell and any associated SCI transmissions when the corresponding timeAlignmentTimer is not running.
NOTE:	A MAC entity stores or maintains NTA upon expiry of associated timeAlignmentTimer, where NTA is defined in TS 36.211 [7]. The MAC entity applies a received Timing Advance Command MAC control element and starts associated timeAlignmentTimer also when the timeAlignmentTimer is not running.
<Skip>
[bookmark: _Toc29242961][bookmark: _Toc37256218][bookmark: _Toc37256372][bookmark: _Toc46500311][bookmark: _Toc52536220][bookmark: _Toc210940675]5.3.2.2	HARQ process
For each TTI where a transmission takes place for the HARQ process, one or two (in case of downlink spatial multiplexing) TBs and the associated HARQ information are received from the HARQ entity.
For each received TB and associated HARQ information, the HARQ process shall:
-	if the NDI, when provided, has been toggled compared to the value of the previous received transmission corresponding to this TB; or
-	if the HARQ process is equal to the broadcast process and if this is the first received transmission for the TB according to the system information schedule indicated by RRC; or
-	if this is the very first received transmission for this TB (i.e. there is no previous NDI for this TB):
-	consider this transmission to be a new transmission.
-	else:
-	consider this transmission to be a retransmission.
The MAC entity then shall:
-	if this is a new transmission:
-	attempt to decode the received data.
-	else if this is a retransmission:
-	if the data for this TB has not yet been successfully decoded:
-	combine the received data with the data currently in the soft buffer for this TB and attempt to decode the combined data.
-	if the data which the MAC entity attempted to decode was successfully decoded for this TB; or
-	if the data for this TB was successfully decoded before:
-	if the HARQ process is equal to the broadcast process:
-	deliver the decoded MAC PDU to upper layers.
-	else if this is the first successful decoding of the data for this TB:
-	deliver the decoded MAC PDU to the disassembly and demultiplexing entity.
-	generate a positive acknowledgement (ACK) of the data in this TB.
-	else:
-	replace the data in the soft buffer for this TB with the data which the MAC entity attempted to decode.
-	generate a negative acknowledgement (NACK) of the data in this TB.
-	if the HARQ process is associated with a transmission indicated with a Temporary C-RNTI and the Contention Resolution is not yet successful (see clause 5.1.5); or
-	if the HARQ process is equal to the broadcast process; or
-	if the HARQ process is not associated with a transmission indicated with a PUR-RNTI or CB-RNTI, and the timeAlignmentTimer, associated with the TAG containing the serving cell on which the HARQ feedback is to be transmitted, is stopped or expired:
-	do not indicate the generated positive or negative acknowledgement to the physical layer.
-	else if the HARQ process is associated with a transmission indicated with a CB-RNTI:
-	if the Contention Resolution CMR reception is successful (see clause 5.1a.3); and
-	if the HARQ ACK resource field is present in the associated CMR:
-	indicate to the physical layer the generated positive acknowledgement together with the HARQ ACK resource.
-	else:
-	do not indicate the generated positive or negative acknowledgement to the physical layer.
-	else if the HARQ feedback is disabled for the corresponding HARQ process:
-	if harq-FeedbackEnablingforSPSactive is configured and the transmission is the first SPS PDSCH transmission after SPS activation:
-	indicate the generated positive or negative acknowledgement for this TB to the physical layer.
-	else:
-	do not indicate the generated positive or negative acknowledgement to the physical layer.
-	else:
-	indicate the generated positive or negative acknowledgement for this TB to the physical layer.
The MAC entity shall ignore NDI received in all downlink assignments on PDCCH for its Temporary C-RNTI when determining if NDI on PDCCH for its C-RNTI has been toggled compared to the value in the previous transmission.
NOTE 1:	When the MAC entity is configured with more than one serving cell, UE behaviors for storing data to the soft buffer is specified in TS 36.213 [2].
NOTE 2:	If the MAC entity receives a retransmission with a TB size different from the last valid TB size signalled for this TB, the UE behavior is left up to UE implementation.
<Skip>	Comment by vivo: For the first description part in sub-clause 5.4.1., we think it is necessary to clarify the grants for CB-Msg3.

5.4	UL-SCH data transfer
5.4.1	UL Grant reception
In order to transmit on the UL-SCH the MAC entity must have a valid uplink grant (except for non-adaptive HARQ retransmissions) which it may receive dynamically on the PDCCH or in a Random Access Response or which may be configured semi-persistently or preallocated by RRC or provided by RRC for transmission using PUR (see clause 5.4.7) or provided in system information for CB-Msg3 transmission (see clause 5.1a). To perform requested transmissions, the MAC layer receives HARQ information from lower layers. When the physical layer is configured for uplink spatial multiplexing, the MAC layer can receive up to two grants (one per HARQ process) for the same TTI from lower layers.

[bookmark: _Toc37256286][bookmark: _Toc37256440][bookmark: _Toc46500379][bookmark: _Toc52536288][bookmark: _Toc210940745][bookmark: _Toc46500380][bookmark: _Toc52536289][bookmark: _Toc193402530]5.25	Transmission of Downlink Channel Quality Report
The MAC entity of a BL UE or UE in enhanced coverage may be configured by upper layers to report DL channel quality in Msg3. DL channel quality in Msg3 in RRC_CONNECTED is not reported.
If the UE is a BL UE or UE in enhanced coverage or an NB-IoT UE, a Downlink Channel Quality Report (DCQR) shall be triggered if any of the following events occur:
-	DCQR Command MAC control element is received, in which case the DCQR is referred below to as "Regular DCQR";
-	for BL UE or UE in enhanced coverage, transmission of DCQR in Msg3 is configured by upper layers in mpdcch-CQI-Reporting, in which case DCQR is referred below to as "Msg3 DCQR".
If any type of DCQR has been triggered:
-	start performing DL channel quality measurements according to TS 36.133 [9].
If "Regular DCQR" has been triggered:
-	if an uplink grant has been received on the PDCCH for MAC entity's C-RNTI:
-	instruct the Multiplexing and Assembly procedure to generate a DCQR and AS RAI MAC control element as defined in clause 6.1.3.19;
-	cancel the triggered "Regular DCQR".
If "Msg3 DCQR" has been triggered:
-	if an uplink grant has been received on the PDCCH for MAC entity's RA-RNTI or if the uplink grant is for CB‑Msg3‑EDT:
-	if the allocated resources can accommodate a DCQR and AS RAI MAC control element plus its subheader as a result of logical channel prioritization:
-	instruct the Multiplexing and Assembly procedure to generate a DCQR and AS RAI MAC control element as defined in clause 6.1.3.19;
-	else if the uplink grant is not for EDT and not for CB‑Msg3‑EDT:
-	if configured by upper layers in mpdcch-CQI-Reporting, use R and F2 fields in the MAC PDU subheader, to transmit the measurement outcome, as defined in clause 6.2.1;
-	cancel the triggered "Msg3 DCQR".
<Skip>
6	Protocol Data Units, formats and parameters
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[bookmark: _Toc210940785][bookmark: _Toc29243054][bookmark: _Toc37256318][bookmark: _Toc37256472][bookmark: _Toc46500411][bookmark: _Toc52536320][bookmark: _Toc193402566]6.1.7	MAC PDU (CB-Msg4)
A MAC PDU consists of a MAC header, zero or more MAC CB-Msg3-EDT Responses (MAC CMR), zero or more optional MAC SDUs, and optional padding as described in figure 6.1.7-5. Each MAC SDU is associated with the UE identified by the preceding MAC CMR.
The MAC header is of variable size.
A MAC PDU header consists of one or more MAC PDU subheaders; each subheader except for the CB Backoff Indicator subheader corresponding to a MAC CMR, MAC SDU, or padding. If included, the CB Backoff Indicator subheader is only included once and is the first subheader after single-byte or two-byte padding subheader(s) (if present).
The CB Backoff Indicator subheader consists of the four header fields E/T/R/BI (as described in figure 6.1.7-1).
A MAC CMR subheader consists of the seven header fields E/T/R/R/H/TA/C (as described in figure 6.1.7-2).
A MAC PDU subheader corresponding to the MAC SDU consists of the header fields E/T/LCID/(F)/(L). The L field is present in the MAC PDU subheader corresponding to the MAC SDU except for the last subheader in the MAC PDU (as described in figure 6.1.7-3). A MAC PDU subheader corresponding to padding consists of the three header fields E/T/LCID.
For BL UEs and UEs in CE mode A, a MAC CMR consists of the following fields: UE Contention Resolution Identity/(Timing Advance Command)/(HARQ ACK resource)/(C-RNTI) (as described in figure 6.1.7-4a). For NB-IoT UEs, a MAC CMR consists of the following fields: UE Contention Resolution Identity/(R)/(HARQ ACK resource) /(R)/(Timing Advance Command)/(C-RNTI) (as described in figure 6.1.7-4b).
Padding occurs at the end of the MAC PDU, except when single-byte or two-byte padding is required. Padding may have any value and the MAC entity shall ignore it. When padding is performed at the end of the MAC PDU, zero or more padding bytes are allowed.
When single-byte or two-byte padding is required, one or two MAC PDU subheaders corresponding to padding are placed at the beginning of the MAC PDU before any other MAC PDU subheader.


Figure 6.1.7-1: E/T/R/BI MAC subheader


Figure 6.1.7-2: E/T/R/R/H/TA/C MAC subheader


Figure 6.1.7-3:E/T/LCID/(F)/(L) MAC subheader


Figure 6.1.7-4a: MAC CMR for BL UEs and UEs in CE mode A


Figure 6.1.7-4b: MAC CMR for NB-IoT UEs


Figure 6.1.7-5: Example of MAC PDU consisting of a MAC header, MAC CMRs, MAC SDUs and padding
6.2	Formats and parameters
<skip>
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The MAC header is of variable size and consists of the following fields:
-	E: The Extension field is a flag indicating if more fields are present in the MAC header or not. The E field is set to "1" to indicate at least another subheader follows. The subsequent subheader can be E/T/R/BI MAC subheader, E/T/R/R/H/TA/C MAC subheader or E/T/LCID/(F)/(L) MAC subheader. The E field is set to "0" to indicate that either a MAC CMR, a MAC SDU, or padding starts at the next byte;
-	T: The Type field indicates the type of the MAC subheader. The T field is set to "00" to indicate the presence of a CB Backoff Indicator field in the subheader (BI). The T field is set to "01" to indicate the presence of a CMR in the subheader. The T field is set to "10" to indicate the presence of a Logical Channel ID (LCID) field in the subheader. The value "11" is reserved for future use. The size of the Type field is 2 bits;
-	H: The H field is a flag indicating the presence of the HARQ ACK resource field in the corresponding MAC CMR. For NB-IoT, it also indicates the presence of the 4-bit R fields preceding the HARQ ACK resource field in the same MAC CMR;
-	TA: The TA field is a flag indicating the presence of the Timing Advance Command field in the corresponding MAC CMR. For NB-IoT, it also indicates the presence of the 2-bit R fields preceding the Timing Advance Command field in the same MAC CMR;
-	C: The C field is a flag indicating the presence of the C-RNTI field in the corresponding MAC CMR;
-	R: Reserved bit, set to "0";
-	BI: The CB Backoff Indicator field identifies the overload condition in the cell. The size of the BI field is 4 bits;
-	LCID: The Logical Channel ID field identifies the logical channel instance of the corresponding MAC SDU or padding as described in table 6.2.1-1 for the DL-SCH. There is one LCID field for each MAC SDU, or padding included in the MAC PDU. In addition to that, one or two additional LCID fields are included in the MAC PDU, when single-byte or two-byte padding is required but cannot be achieved by padding at the end of the MAC PDU. The LCID field size is 5 bits;
-	L: The Length field indicates the length of the corresponding MAC SDU in bytes. There is one L field per MAC PDU subheader corresponding to the MAC SDU except for the last subheader. The size of the L field is indicated by the F field;
-	F: The Format field indicates the size of the Length field. There is one F field per MAC PDU subheader except for the last subheader. The size of the F field is 1 bit. If the F field is included; if the size of the MAC SDU is less than 128 bytes, the value of the F field is set to 0, otherwise it is set to 1.
The MAC header and subheaders are octet aligned.
[bookmark: _Toc210940792]6.2.6	MAC payload for CB-Msg4
The MAC CMR is of variable size and consists of the following fields:
-	UE Contention Resolution Identity: This field contains the first 48 bits of the uplink CCCH SDU;
-	R: Reserved bit, set to "0";
-	HARQ ACK resource: This field indicates the resource used to transmit the HARQ ACK for this MAC CMR. For BL UEs and UEs in CE mode A, the size of this field is 2 bits (see HARQ-ACK resource offset in clause 5.3.3.1.13 of TS 36.212 [5]). For NB-IoT UEs, the size of this field is 4 bits (see HARQ-ACK resource in clause 6.4.3.2 of TS 36.212 [5]). For BL UEs and UEs in CE mode A, if this field is not present as indicated in the corresponding MAC CMR subheader and the Timing Advance Command field is present, these bits are set to "00"set these bits to "0";
-	Timing Advance Command: The Timing Advance Command field indicates the index value TA (0, 1, 2… 63) used to control the amount of timing adjustment that the MAC entity has to apply (see clause 4.2.3 of TS 36.213 [2]). The size of the Timing Advance Command field is 6 bits. For BL UEs and UEs in CE mode A, if this field is not present as indicated in the corresponding MAC CMR subheader and the HARQ ACK resource field is present, these bits are set to "000000"set these bits to "0";
-	C-RNTI: This field contains the C-RNTI. The length of the field is 16 bits.
The MAC CMR is octet aligned.
The size of the MAC CMR is determined based on its corresponding MAC CMR subheader. It consists of a mandatory 6 octets UE contention resolution identify field followed by one or more optional fields for C-RNTI, Timing Advance Command, and HARQ ACK resource. If the C-RNTI is present, the 2 octets C-RNTI field is included. For BL UEs and UEs in CE mode A, if the HARQ ACK resource, the Timing Advance Command, or both are present, the 1 octet field for Timing Advance Command and HARQ ACK resource is included. For NB-IoT UEs, if the HARQ ACK resource is present, the 1 octet field for HARQ ACK resource is included; if the Timing Advance Command is present, the 1 octet field for Timing Advance Command is included. The MAC CMR size is illustrated in Table 6.2.6-1.
Table 6.2.6-1: MAC CMR size
	H Field
	TA Field
	C Field
	eMTC CMR size (octets)
	NB-IoT CMR size (octets)

	0
	0
	0
	6
	6

	0
	0
	1
	8
	8

	0
	1
	0
	7
	7

	0
	1
	1
	9
	9

	1
	0
	0
	7
	7

	1
	0
	1
	9
	9

	1
	1
	0
	7
	8

	1
	1
	1
	9
	10
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RNTI values are presented in Table 7.1-1 and their usage and associated Transport Channels and Logical Channels are presented in Table 7.1-2.
Table 7.1-1: RNTI values.
	Value (hexa-decimal)
	RNTI

	0000
	N/A

	0001-0960
0001-1000 (Note 3)
	RA-RNTI, C-RNTI, Semi-Persistent Scheduling C-RNTI, Temporary C-RNTI, eIMTA-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, SL-RNTI (see note), G-RNTI, SL-V-RNTI, UL Semi-Persistent Scheduling V-RNTI, SL Semi-Persistent Scheduling V-RNTI, SRS-TPC-RNTI, AUL C-RNTI, and PUR-RNTI

	0961-FFF3
1001-FFF3 (Note 3)
	C-RNTI, Semi-Persistent Scheduling C-RNTI, eIMTA-RNTI, Temporary C-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, SL-RNTI, G-RNTI, SL-V-RNTI, UL Semi-Persistent Scheduling V-RNTI, SL Semi-Persistent Scheduling V-RNTI, SRS-TPC-RNTI, AUL C-RNTI, CB-RNTI, and PUR-RNTI

	FFF4-FFF8
	Reserved for future use

	FFF9
	SI-RNTI

	FFFA
	SC-N-RNTI

	FFFB
	SC-RNTI

	FFFC
	CC-RNTI

	FFFD
	M-RNTI

	FFFE
	P-RNTI

	FFFF
	SI-RNTI



NOTE 1:	A MAC entity uses the same C-RNTI on all Serving Cells.
NOTE 2:	SI-RNTI value FFFF may be used for MBMS-dedicated carrier. SI-RNTI value FFF9 is only used for MBMS-dedicated carrier.
NOTE 3:	Range applicable for NB-IoT.
Table 7.1-2: RNTI usage.
	RNTI
	Usage
	Transport Channel
	Logical Channel

	P-RNTI
	Paging and System Information change notification
	PCH
	PCCH

	SI-RNTI
	Broadcast of System Information
	DL-SCH
	BCCH, BR-BCCH

	M-RNTI
	MCCH Information change notification
	N/A
	N/A

	RA-RNTI
	Random Access Response
	DL-SCH
	N/A

	eIMTA-RNTI
	eIMTA TDD UL/DL configuration notification
	N/A
	N/A

	Temporary C-RNTI
	Contention Resolution
(when no valid C-RNTI is available)
	DL-SCH
	CCCH, DCCH

	Temporary C-RNTI
	Msg3 transmission
	UL-SCH
	CCCH, DCCH, DTCH

	C-RNTI
	Dynamically scheduled unicast transmission
	UL-SCH
	DCCH, DTCH

	C-RNTI
	Dynamically scheduled unicast transmission
	DL-SCH
	CCCH, DCCH, DTCH

	C-RNTI
	Triggering of PDCCH ordered random access
	N/A
	N/A

	Semi-Persistent Scheduling C-RNTI
	Semi-Persistently scheduled unicast transmission
(activation, reactivation and retransmission)
	DL-SCH, UL-SCH
	DCCH, DTCH

	Semi-Persistent Scheduling C-RNTI
	Semi-Persistently scheduled unicast transmission
(deactivation)
	N/A
	N/A

	TPC-PUCCH-RNTI
	Physical layer Uplink power control
	N/A
	N/A

	TPC-PUSCH-RNTI
	Physical layer Uplink power control
	N/A
	N/A

	SL-RNTI
	Dynamically scheduled sidelink transmission for sidelink communication
	SL-SCH
	STCH

	SC-RNTI
	Dynamically scheduled SC-PTM control information
	DL-SCH
	SC-MCCH

	G-RNTI
	Dynamically scheduled SC-PTM transmission
	DL-SCH
	SC-MTCH

	SC-N-RNTI
	SC-MCCH Information change notification
	N/A
	N/A

	CC-RNTI
	Providing common control PDCCH information
	N/A
	N/A

	SL-V-RNTI
	Dynamically scheduled sidelink transmission for V2X sidelink communication
	SL-SCH
	STCH

	UL Semi-Persistent Scheduling V-RNTI
	Semi-Persistently scheduled uplink transmission for V2X communication
(activation, reactivation and retransmission)
	UL-SCH
	DCCH, DTCH

	UL Semi-Persistent Scheduling V-RNTI
	Semi-Persistently scheduled uplink transmission for V2X communication
(deactivation)
	N/A
	N/A

	SL Semi-Persistent Scheduling V-RNTI
	Semi-Persistently scheduled sidelink transmission for V2X sidelink communication
(activation, reactivation and retransmission)
	SL-SCH
	STCH

	SL Semi-Persistent Scheduling V-RNTI
	Semi-Persistently scheduled sidelink transmission for V2X sidelink communication
(deactivation)
	N/A
	N/A

	SRS-TPC-RNTI
	SRS and TPC for the PUSCH-less SCells
	N/A
	N/A

	AUL C-RNTI
	Autonomous Uplink C-RNTI unicast transmission (activation and reactivation)
	UL-SCH
	DCCH, DTCH

	AUL C-RNTI
	Autonomous Uplink C-RNTI unicast transmission (deactivation)
	N/A
	N/A

	PUR-RNTI
	Transmission using Preconfigured Uplink Resource
	DL-SCH, UL-SCH
	CCCH, DCCH, DTCH

	PUR-RNTI
	Transmission using Preconfigured Uplink Resource (L1 ACK or fallback indication)
	N/A
	N/A

	CB-RNTI
	CB-Msg3 transmission
	UL-SCH
	CCCH, DTCH

	CB-RNTI
	CB-Msg4
	DL-SCH
	CCCH, DCCH,DTCH



[bookmark: _Toc29243061][bookmark: _Toc37256325][bookmark: _Toc37256479][bookmark: _Toc46500418][bookmark: _Toc52536327][bookmark: _Toc210940795]7.2	Backoff Parameter values
Backoff Parameter values are presented in Table 7.2-1 except for NB-IoT where Table 7.2-2 shall be used and except for CB-Msg3-EDT procedure.
Table 7.2-1: Backoff Parameter values.
	Index
	Backoff Parameter value (ms)

	0
	0

	1
	10

	2
	20

	3
	30

	4
	40

	5
	60

	6
	80

	7
	120

	8
	160

	9
	240

	10
	320

	11
	480

	12
	960

	13
	Reserved

	14
	Reserved

	15
	Reserved



The reserved values of the backoff parameter if received by the current release version UEs shall be taken as 960 ms.
Table 7.2-2: Backoff Parameter values for NB-IoT.
	Index
	Backoff Parameter value (ms)

	0
	0

	1
	256

	2
	512

	3
	1024

	4
	2048

	5
	4096

	6
	8192

	7
	16384

	8
	32768

	9
	65536

	10
	131072

	11
	262144

	12
	524288

	13
	Reserved

	14
	Reserved

	15
	Reserved



The reserved values of the backoff parameter if received by the current release version NB-IoT UEs shall be taken as 524288 ms.
Backoff parameter value for CB‑Msg3‑EDT procedure is computed according to the backoff factor in Table 7.2-x.
Table 7.2-x: Backoff Factor for CB-Msg3-EDT.
	Index
	Backoff factor

	0
	0

	1
	2

	2
	4

	3
	8

	4
	10

	5
	12

	6
	16

	7
	20

	8
	24

	9
	28

	10
	32

	11
	36

	12
	40

	13
	Reserved

	14
	Reserved

	15
	Reserved



The backoff parameter values for CB‑Msg3‑EDT is the backoff factor multiplied by the configured CB‑Msg3 transmission window periodicity provided by windowPeriodicity in ms.
The reserved values of the backoff factor if received by the current release version UEs shall be taken as 40.
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