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[bookmark: _Toc535275017]11	Scheduling and Rate Control
[bookmark: _Toc535275018]<UNNECESSARY PARTS SKIPPED>
11.1	Basic Scheduler Operation
MAC in eNB includes dynamic resource schedulers that allocate physical layer resources for the DL-SCH, UL-SCH and SL-SCH transport channels. Different schedulers operate for the DL-SCH, UL-SCH and SL-SCH.
The scheduler should take account of the traffic volume and the QoS requirements of each UE and associated radio bearers, when sharing resources between UEs. Only "per UE" grants are used to grant the right to transmit on the UL-SCH and SL-SCH (i.e. there are no "per UE per RB" grants).
Schedulers may assign resources taking account the radio conditions at the UE identified through measurements made at the eNB and/or reported by the UE.
Radio resource allocations can be valid for one or multiple TTIs.
Resource assignment consists of physical resource blocks (PRB) and MCS. Allocations for time periods longer than one TTI might also require additional information (allocation time, allocation repetition factor…).
When CA is configured, a UE may be scheduled over multiple serving cells simultaneously but at most one random access procedure shall be ongoing at any time. Cross-carrier scheduling with the Carrier Indicator Field (CIF) allows the PDCCH of a serving cell to schedule resources on another serving cell but with the following restrictions:
-	Cross-carrier scheduling does not apply to PCell i.e. PCell is always scheduled via its PDCCH;
-	When the PDCCH of an SCell is configured except for an LAA SCell, cross-carrier scheduling for uplink transmission and downlink transmission does not apply to this SCell i.e. it is always scheduled for uplink transmission and downlink transmission via its PDCCH;
-	When the PDCCH of an LAA SCell is configured:
-	If cross-carrier scheduling applies only to uplink transmission, it is scheduled for downlink transmission via its PDCCH and for uplink transmission via the PDCCH of one other serving cell;
-	If self-scheduling applies to both uplink transmission and downlink transmission, it is always scheduled for uplink transmission and downlink transmission via its PDCCH.
-	When the PDCCH of an SCell is not configured, cross-carrier scheduling for uplink transmission and downlink transmission applies and this SCell is always scheduled for uplink transmission and downlink transmission via the PDCCH of one other serving cell.
A linking between UL and DL allows identifying the serving cell for which the DL assignment or UL grant applies when the CIF is not present:
-	DL assignment received on PCell corresponds to downlink transmission on PCell;
-	For DC, DL assignment received on PSCell corresponds to downlink transmission on PSCell;
-	UL grant received on PCell corresponds to uplink transmission on PCell, except for the UL grant in Random Access Response from PCell in response to a random access preamble on SCell of MCG for which case the UL grant is for the SCell where the preamble is sent;
-	For DC, UL grant received on PSCell corresponds to uplink transmission on PSCell, except for the UL grant in Random Access Response from PSCell in response to a random access preamble on SCell of SCG for which case the UL grant is for the SCell where the preamble is sent.
-	DL assignment received on SCelln corresponds to downlink transmission on SCelln;
-	UL grant received on SCelln corresponds to uplink transmission on SCelln. If SCelln is not configured for uplink usage by the UE, the grant is ignored by the UE.
When DC is configured, cross-carrier scheduling can only be used across serving cells within the same CG. Within a CG, neither PCell of MCG nor PSCell of SCG can be cross-carrier scheduled.
[bookmark: _GoBack]When SPT is configured, cross-carrier scheduling can be used, but is limited to serving cells within the same PUCCH group. In this case, both the scheduling cell and the scheduled cell shall be configured with SPT.
[bookmark: _Toc535275019]11.1.1	Downlink Scheduling
In the downlink, E-UTRAN can dynamically allocate resources (PRBs and MCS) to UEs at each TTI via the C-RNTI on PDCCH(s). A UE always monitors the PDCCH(s) in order to find possible allocation when its downlink reception is enabled (activity governed by DRX when configured). When CA is configured, the same C-RNTI applies to all serving cells.
In addition, E-UTRAN can allocate semi-persistent downlink resources for the first HARQ transmissions to UEs:
-	RRC defines the periodicity of the semi-persistent downlink grant;
-	PDCCH indicates whether the downlink grant is a semi-persistent one i.e. whether it can be implicitly reused in the following TTIs according to the periodicity defined by RRC.
When required, retransmissions are explicitly signalled via the PDCCH(s). In the TTIs where the UE has semi-persistent downlink resource, if the UE cannot find its C-RNTI on the PDCCH(s), a downlink transmission according to the semi-persistent allocation that the UE has been assigned in the TTI is assumed. Otherwise, in the sub-TTIs where the UE has semi-persistent downlink resource, if the UE finds its C-RNTI on the PDCCH(s), the PDCCH allocation overrides the semi-persistent allocation for that TTI and the UE does not decode the semi-persistent resources.
Semi-persistent downlink resources can be configured per serving cell with the restriction that multiple DL SPS configurations per serving cell are not supported. SPS configurations can be active simultaneously for different cells. PDCCH allocations made on a given serving cell can only override the semi-persistent allocation for that serving cell..
For NB-IoT:
-	Scheduling information for downlink data is transmitted on the downlink physical control channel NPDCCH. The scheduled downlink data is transmitted on the shared data channel NPDSCH;
-	Only cross-subframe scheduling is supported, cross-carrier scheduling is not supported. The transmission duration in number of sub-frames for the NPDCCH and the NPDSCH is variable;
-	The transmission duration in number of sub-frames is semi-static for the NPDCCH and is indicated for the NPDSCH as part of the scheduling information transmitted on the NPDCCH;
-	The start time of the NPDSCH relative to the NPDCCH is signaled as part of the scheduling message.
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