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5.4.3
Multiplexing and assembly

5.4.3.1
Logical channel prioritization

The Logical Channel Prioritization procedure is applied when a new transmission is performed.

RRC controls the scheduling of uplink data by signalling for each logical channel: priority where an increasing priority value indicates a lower priority level, prioritisedBitRate which sets the Prioritized Bit Rate (PBR), bucketSizeDuration which sets the Bucket Size Duration (BSD). For NB-IoT, prioritisedBitRate, bucketSizeDuration and the corresponding steps of the Logical Channel Prioritisation procedure (i.e., Step 1 and Step 2 below) are not applicable.
The MAC entity shall maintain a variable Bj for each logical channel j. Bj shall be initialized to zero when the related logical channel is established, and incremented by the product PBR × TTI duration for each TTI, where PBR is Prioritized Bit Rate of logical channel j. However, the value of Bj can never exceed the bucket size and if the value of Bj is larger than the bucket size of logical channel j, it shall be set to the bucket size. The bucket size of a logical channel is equal to PBR × BSD, where PBR and BSD are configured by upper layers.

The MAC entity shall perform the following Logical Channel Prioritization procedure when a new transmission is performed:

-
The MAC entity shall allocate resources to the logical channels in the following steps:

-
Step 1: All the logical channels with Bj > 0 are allocated resources in a decreasing priority order. If the PBR of a logical channel is set to “infinity”, the MAC entity shall allocate resources for all the data that is available for transmission on the logical channel before meeting the PBR of the lower priority logical channel(s);

-
Step 2: the MAC entity shall decrement Bj by the total size of MAC SDUs served to logical channel j in Step 1;
NOTE:
The value of Bj can be negative.

-
Step 3: if any resources remain, all the logical channels are served in a strict decreasing priority order (regardless of the value of Bj) until either the data for that logical channel or the UL grant is exhausted, whichever comes first. Logical channels configured with equal priority should be served equally.

-
The UE shall also follow the rules below during the scheduling procedures above:

- 
the UE should not segment an RLC SDU (or partially transmitted SDU or retransmitted RLC PDU) if the whole SDU (or partially transmitted SDU or retransmitted RLC PDU) fits into the remaining resources of the associated MAC entity;

-
if the UE segments an RLC SDU from the logical channel, it shall maximize the size of the segment to fill the grant of the associated MAC entity as much as possible;

-
the UE should maximise the transmission of data.

-
if the MAC entity is given an UL grant size that is equal to or larger than 4 bytes while having data available for transmission, the MAC entity shall not transmit only padding BSR and/or padding (unless the UL grant size is less than 7 bytes and an AMD PDU segment needs to be transmitted);

-
for transmissions on serving cells operating according to Frame Structure Type 3, the MAC entity shall only consider logical channels for which laa-Allowed has been configured.

The MAC entity shall not transmit data for a logical channel corresponding to a radio bearer that is suspended (the conditions for when a radio bearer is considered suspended are defined in [8]).
If the MAC PDU includes only the MAC CE for padding BSR or periodic BSR with zero MAC SDUs and there is no aperiodic CSI requested for this TTI [2], the MAC entity shall not generate a MAC PDU for the HARQ entity in the following cases:

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

- 
in case the MAC entity is configured with skipUplinkTxSPS and the grant indicated to the HARQ entity is a configured uplink grant;
For the Logical Channel Prioritization procedure, the MAC entity shall take into account the following relative priority in decreasing order:
-
MAC control element for C-RNTI or data from UL-CCCH;

-
MAC control element for SPS confirmation;

-
MAC control element for BSR, with exception of BSR included for padding;

-
MAC control element for PHR, Extended PHR, or Dual Connectivity PHR;

-
MAC control element for Sidelink BSR, with exception of Sidelink BSR included for padding;
-
data from any Logical Channel, except data from UL-CCCH;
-
MAC control element for Recommended bit rate query;
-
MAC control element for BSR included for padding;

-
MAC control element for Sidelink BSR included for padding.
NOTE:
When the MAC entity is requested to transmit multiple MAC PDUs in one TTI, steps 1 to 3 and the associated rules may be applied either to each grant independently or to the sum of the capacities of the grants. Also the order in which the grants are processed is left up to UE implementation. It is up to the UE implementation to decide in which MAC PDU a MAC control element is included when MAC entity is requested to transmit multiple MAC PDUs in one TTI. When the UE is requested to generate MAC PDU(s) in two MAC entities in one TTI, it is up to UE implementation in which order the grants are processed.

5.X
Recommended bit rate

The recommended bit rate procedure is used to provide the MAC entity with information about the bit rate which the eNB recommends. The bitrate is the recommended bitrate of physical layer. 
The eNB may transmit the Recommended bit rate MAC control element to the MAC entity to indicate the recommended bit rate for the UE for a specific logical channel and a specific direction (either uplink or downlink). Upon reception of a Recommended bit rate MAC control element the MAC entity shall:
· indicate to upper layers the recommended bit rate for the indicated logical channel and direction;
The MAC entity may send a query to the eNB to request the eNB to indicate the recommended bit rate for a specific logical channel and a specific direction. When upper layers instruct the MAC entity to query the eNB for the recommended bit rate for a logical channel and for a direction (i.e. for uplink or downlink), the MAC entity shall:
-
if a Recommended bit rate query for this logical channel and this direction has not been triggered:

-
trigger a Recommended bit rate query for this logical channel, direction, and desired bit rate.
If the MAC entity has UL resources allocated for new transmission for this TTI the MAC entity shall:

-
for each Recommended bit rate query that the Recommended bit rate procedure determines has been triggered:
-
if bitRateQueryProhibitTimer for the logical channel and the direction of this Recommended bit rate query is configured, and it is not running; and

-
if the MAC entity has UL resources allocated for new transmission for this TTI and the allocated UL resources can accommodate a Recommended bit rate MAC control element plus its subheader as a result of logical channel prioritization:

-
instruct the Multiplexing and Assembly procedure to generate the Recommended bit rate MAC control element for the logical channel and the direction of this Recommended bit rate query;

-
start the bitRateQueryProhibitTimer for the logical channel and the direction of this Recommended bit rate query.

6.1.3.X
Recommended bit rate MAC Control Element

The recommended bit rate MAC control element is identified by a MAC PDU subheader with LCID as specified in tables 6.2.1-1 and 6.2.1-2 for bit rate recommendation message from the eNB to the UE and bit rate recommendation query message from the UE to the eNB, respectively. It has a fixed size and consists of two octets defined as follows (figure 6.1.3.X-1):
-
LCID: This field indicates the identity of the logical channel for which the recommended bit rate or the recommended bit rate query is applicable. The length of the field is 4 bits; 
-
Uplink/Downlink (UL/DL): This field indicates whether the recommended bit rate or the recommended bit rate query applies to uplink or downlink. The length of the field is 1 bit. The UL/DL field set to "0" indicates downlink. The UL/DL field set to "1" indicates uplink;
-
Bit Rate: This field indicates an index to Table 6.1.3.X-1. The length of the field is 6 bits. For bit rate recommendation the value indicates the recommended bit rate. For bit rate recommendation query the value indicates the desired bit rate;
-
R: reserved bit, set to "0".
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Figure 6.1.3.X-1: Recommended bit rate MAC control element

Table 6.1.3.X-1: Values (kbit/s) for Bit Rate field

	Index
	Recommended Bit Rate value [kbit/s]
	Index
	Recommended Bit Rate value [kbit/s]

	0
	Note 1
	32
	700

	1
	0
	33
	800

	2
	8
	34
	900

	3
	10
	35
	1000

	4
	12
	36
	1100

	5
	16
	37
	1200

	6
	20
	38
	1300

	7
	24
	39
	1400

	8
	28
	40
	1500

	9
	32
	41
	1750

	10
	36
	42
	2000

	11
	40
	43
	2250

	12
	48
	44
	2500

	13
	56
	45
	2750

	14
	72
	46
	3000

	15
	88
	47
	3500

	16
	104
	48
	4000

	17
	120
	49
	4500

	18
	140
	50
	5000

	19
	160
	51
	5500

	20
	180
	52
	6000

	21
	200
	53
	6500

	22
	220
	54
	7000

	23
	240
	55
	7500

	24
	260
	56
	8000

	25
	280
	57
	Reserved

	26
	300
	58
	Reserved

	27
	350
	59
	Reserved

	28
	400
	60
	Reserved

	29
	450
	61
	Reserved

	30
	500
	62
	Reserved

	31
	600
	63
	Reserved

	Note1: For bit rate recommendation message this index is used for indicating that the previous bitrate recommendation is no longer valid and no new bitrate recommendation is given.



6.2
Formats and parameters

6.2.1
MAC header for DL-SCH, UL-SCH and MCH

The MAC header is of variable size and consists of the following fields:

-
LCID: The Logical Channel ID field identifies the logical channel instance of the corresponding MAC SDU or the type of the corresponding MAC control element or padding as described in tables 6.2.1-1, 6.2.1-2 and 6.2.1-4 for the DL-SCH, UL-SCH and MCH respectively. There is one LCID field for each MAC SDU, MAC control element 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. A UE of Category 0 [12] shall indicate CCCH using LCID "01011", otherwise the UE shall indicate CCCH using LCID "00000". The LCID field size is 5 bits;

-
L: The Length field indicates the length of the corresponding MAC SDU or variable-sized MAC control element in bytes. There is one L field per MAC PDU subheader except for the last subheader and subheaders corresponding to fixed-sized MAC control elements. The size of the L field is indicated by the F field and F2 field;

-
F: The Format field indicates the size of the Length field as indicated in table 6.2.1-3. There is one F field per MAC PDU subheader except for the last subheader and subheaders corresponding to fixed-sized MAC control elements and except for when F2 is set to 1. The size of the F field is 1 bit. If the F field is included; if the size of the MAC SDU or variable-sized MAC control element is less than 128 bytes, the value of the F field is set to 0, otherwise it is set to 1; 
-
F2: The Format2 field indicates the size of the Length field as indicated in table 6.2.1-3. There is one F2 field per MAC PDU subheader. The size of the F2 field is 1 bit. If the size of the MAC SDU or variable-sized MAC control element is larger than 32767 bytes, and if the corresponding subheader is not the last subheader, the value of the F2 field is set to 1, otherwise it is set to 0.
-
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 another set of at least R/F2/E/LCID fields. The E field is set to "0" to indicate that either a MAC SDU, a MAC control element or padding starts at the next byte;

-
R: Reserved bit, set to "0".

The MAC header and subheaders are octet aligned.

Table 6.2.1-1 Values of LCID for DL-SCH

	Index
	LCID values

	00000
	CCCH

	00001-01010
	Identity of the logical channel

	01011-10110
	Reserved

	10111
	Recommended bit rate

	11000
	Activation/Deactivation (4 octets)

	11001
	SC-MCCH, SC-MTCH (see note)

	11010
	Long DRX Command

	11011
	Activation/Deactivation (1 octet)

	11100
	UE Contention Resolution Identity

	11101
	Timing Advance Command

	11110
	DRX Command

	11111
	Padding

	NOTE: Both SC-MCCH and SC-MTCH cannot be multiplexed with other logical channels in the same MAC PDU except for Padding


For NB-IoT only the following LCID values for DL-SCH are applicable: CCCH, Identity of the logical channel, UE Contention Resolution Identity, Timing Advance Command, DRX Command and Padding.

Table 6.2.1-2 Values of LCID for UL-SCH

	Index
	LCID values

	00000
	CCCH

	00001-01010
	Identity of the logical channel

	01011
	CCCH

	01100-10011
	Reserved

	10100
	Recommended bit rate query

	10101
	SPS confirmation

	10110
	Truncated Sidelink BSR

	10111
	Sidelink BSR

	11000
	Dual Connectivity Power Headroom Report

	11001
	Extended Power Headroom Report

	11010
	Power Headroom Report

	11011
	C-RNTI

	11100
	Truncated BSR

	11101
	Short BSR

	11110
	Long BSR

	11111
	Padding


For NB-IoT only the following LCID values for UL-SCH are applicable: CCCH (LCID "00000"), Identity of the logical channel, C-RNTI, Short BSR and Padding.
Table 6.2.1-3 Values of F and F2 fields:

	Index of F2
	Index of F
	Size of Length field (in bits)

	0
	0
	7

	
	1
	15

	1
	-
	16


Table 6.2.1-4 Values of LCID for MCH

	Index
	LCID values

	00000
	MCCH (see note)

	00001-11100
	MTCH

	11101
	Reserved

	11110
	MCH Scheduling Information or Extended MCH Scheduling Information

	11111
	Padding

	NOTE: If there is no MCCH on MCH, an MTCH could use this value.
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