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22.3.1.5
NB-IoT / DRX operation / DRX cycle configured / Parameters configured by RRC / DRX command MAC control element reception

22.3.1.5.1
Test Purpose (TP)

(1)

with { UE in E-UTRA RRC_CONNECTED state }

ensure that {

  when { DRX cycle is configured and [(SFN * 10) + subframe number] modulo (DRX-Cycle) = drxStartOffset-r13 }

    then { UE starts the OnDurationTimer-r13 and monitors the NPDCCH for OnDurationTimer-r13 NPDCCH subframes }
            }

(2)

with { UE in E-UTRA RRC_CONNECTED state }

ensure that {

  when { DRX cycle is configured and a new DL transmission is indicated on the NPDCCH during Active Time }

    then { After expiry of the HARQ RTT timer the UE starts or restarts the Drx-InactivityTimer-r13 and monitors the NPDCCH for Drx-InactivityTimer-r13 NPDCCH periods }

            }

(3)

with { UE in E-UTRA RRC_CONNECTED state }

ensure that {

  when { DRX cycle is configured and when a HARQ RTT Timer expires and the data in the soft buffer of the corresponding HARQ process has not been successfully decoded }

    then { UE starts the drx-RetransmissionTimer-r13 for the corresponding HARQ process and monitors the NPDCCH for drx-RetransmissionTimer-r13 consecutive NPDCCH periods }

            }

(4)

with { UE in E-UTRA RRC_CONNECTED state }

ensure that {

  when { DRX cycle is configured and an uplink grant for a pending HARQ retransmission can occur in this NPDCCH period }

    then { UE monitors the NPDCCH in this period }

 (5)

with { UE in E-UTRA RRC_CONNECTED state }

ensure that {

  when { DRX cycle is configured and a DRX Command MAC control element is received }

    then { UE successfully decodes the MAC control PDU }

            }

(6)

with { UE in E-UTRA RRC_CONNECTED state }

ensure that {

  when { DRX cycle is configured and the HARQ RTT Timer is running and a DRX Command MAC control element is received }

    then { UE continues running the HARQ RTT timer }

            }

(7)

with { UE in E-UTRA RRC_CONNECTED state }

ensure that {

  when { DRX cycle is configured and the drx-RetransmissionTimer-r13 is running and a DRX Command MAC control element is received }

    then { UE continues running the drx-RetransmissionTimer-r13 and monitors the NPDCCH }

            }

22.3.1.5.2
Conformance requirements

References: The conformance requirements covered in the current TC are specified in: TS 36.321, clause 3.1 and 5.7.

 [TS 36.321, clause 3.1]

Active Time: Time related to DRX operation, as defined in subclause 5.7, during which the MAC entity monitors the PDCCH.

…
DRX Cycle: Specifies the periodic repetition of the On Duration followed by a possible period of inactivity (see figure 3.1-1 below). 
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Figure 3.1-1: DRX Cycle

drx-InactivityTimer: Except for NB-IoT, it specifies the number of consecutive PDCCH-subframe(s) after the subframe in which a PDCCH indicates an initial UL, DL or SL user data transmission for this MAC entity. For NB-IoT, it specifies the number of consecutive PDCCH-subframe(s) after the subframe in which the HARQ RTT timer or UL HARQ RTT timer expires. 
drx-RetransmissionTimer: Specifies the maximum number of consecutive PDCCH-subframe(s) until a DL retransmission is received.

drxShortCycleTimer: Specifies the number of consecutive subframe(s) the MAC entity shall follow the Short DRX cycle.

drxStartOffset: Specifies the subframe where the DRX Cycle starts.

drx-ULRetransmissionTimer: Specifies the maximum number of consecutive PDCCH-subframe(s) until a grant for UL retransmission is received.

…

HARQ RTT Timer: This parameter specifies the minimum amount of subframe(s) before a DL HARQ retransmission is expected by the MAC entity. 

…

onDurationTimer: Specifies the number of consecutive PDCCH-subframe(s) at the beginning of a DRX Cycle.

PDCCH: Refers to the PDCCH [7], EPDCCH (in subframes when configured), MPDCCH [2], for an RN with R-PDCCH configured and not suspended, to the R-PDCCH or, for NB-IoT to the NPDCCH.
PDCCH period (pp): Refers to the interval between the start of two consecutive PDCCH occasions and depends on the currently used PDCCH search space [2]. A PDCCH occasion is the start of a search space and is defined by subframe k0 as specified in section 16.6 of [2]. For an NB-IoT UE, if a timer duration is configured by upper layers in units of a PDCCH period, the calculation of number of PDCCH-subframes for the timer is done by multiplying the number of PDCCH periods with npdcch-NumRepetitions-RA when the UE uses the common search space or by npdcch-NumRepetitions when the UE uses the UE specific search space.
PDCCH-subframe: Refers to a subframe with PDCCH. For a MAC entity not configured with any TDD serving cell(s), this represents any subframe; for a MAC entity configured with at least one TDD serving cell, if a MAC entity is capable of simultaneous reception and transmission in the aggregated cells, this represents the union over all serving cells of downlink subframes and subframes including DwPTS of the TDD UL/DL configuration indicated by tdd-Config [8], except serving cells that are configured with schedulingCellId [8]; otherwise, this represents the subframes where the SpCell is configured with a downlink subframe or a subframe including DwPTS of the TDD UL/DL configuration indicated by tdd-Config [8].
For RNs with an RN subframe configuration configured and not suspended, in its communication with the E-UTRAN, this represents all downlink subframes configured for RN communication with the E-UTRAN.
For SC-PTM reception on a FDD cell, this represents any subframe of the cell except MBSFN subframes; for SC-PTM reception on a TDD cell, this represents the downlink subframes and subframes including DwPTS of the TDD UL/DL configuration indicated by tdd-Config [8] of the cell except MBSFN subframes.
…

UL HARQ RTT Timer: This parameter specifies the minimum amount of subframe(s) before a UL HARQ retransmission grant is expected by the MAC entity.

 [TS 36.321, clause 5.7]

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, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, Semi-Persistent Scheduling C-RNTI (if configured), eIMTA-RNTI (if configured), SL-RNTI (if configured), and CC-RNTI (if configured). When in RRC_CONNECTED, if DRX is configured, the MAC entity is allowed to monitor the PDCCH discontinuously using the DRX operation specified in this subclause; otherwise the MAC entity monitors the PDCCH continuously. When using DRX operation, the MAC entity shall also monitor PDCCH according to requirements found in other subclauses of this specification. RRC controls DRX operation by configuring the timers onDurationTimer, drx-InactivityTimer, drx-RetransmissionTimer (one per DL HARQ process except for the broadcast process), drx-ULRetransmissionTimer (one per asynchronous UL HARQ process), the longDRX-Cycle, the value of the drxStartOffset and optionally the drxShortCycleTimer and shortDRX-Cycle. A HARQ RTT timer per DL HARQ process (except for the broadcast process) and UL HARQ RTT Timer per asynchronous UL HARQ process is also defined (see subclause 7.7).

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

-
onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimer or drx-ULRetransmissionTimer or mac-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

-
an uplink grant for a pending HARQ retransmission can occur and there is data in the corresponding HARQ buffer for synchronous HARQ process; or

-
a PDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after successful reception of a Random Access Response for the preamble not selected by the MAC entity (as described in subclause 5.1.4).

When DRX is configured, the MAC entity shall for each subframe:

-
if a HARQ RTT Timer expires in this subframe:

-
if the data of the corresponding HARQ process was not successfully decoded:

-
start the drx-RetransmissionTimer for the corresponding HARQ process;

-
if NB-IoT, start or restart the drx-InactivityTimer.

-
if an UL HARQ RTT Timer expires in this subframe:

-
start the drx-ULRetransmissionTimer for the corresponding HARQ process.
-
if NB-IoT, start or restart the drx-InactivityTimer.
-
if a DRX Command MAC control element or a Long DRX Command MAC control element is received:

-
stop onDurationTimer;

-
stop drx-InactivityTimer.

-
if drx-InactivityTimer expires or a DRX Command MAC control element is received in this subframe:

-
if the Short DRX cycle is configured:

-
start or restart drxShortCycleTimer;

-
use the Short DRX Cycle.

-
else:

-
use the Long DRX cycle.

-
if drxShortCycleTimer expires in this subframe:

-
use the Long DRX cycle.

-
if a Long DRX Command MAC control element is received:

-
stop drxShortCycleTimer;

-
use the Long DRX cycle.

-
If the Short DRX Cycle is used and [(SFN * 10) + subframe number] modulo (shortDRX-Cycle) = (drxStartOffset) modulo (shortDRX-Cycle); or

-
if the Long DRX Cycle is used and [(SFN * 10) + subframe number] modulo (longDRX-Cycle) = drxStartOffset:

-
if NB-IoT:

-
if neither HARQ RTT Timer nor UL HARQ RTT Timer is running, start onDurationTimer.

-
else:

-
start onDurationTimer.

-
during the Active Time, for a PDCCH-subframe, if the subframe is not required for uplink transmission for half-duplex FDD UE operation, and if the subframe is not a half-duplex guard subframe [7] and if the subframe is not part of a configured measurement gap and if the subframe is not part of a configured Sidelink Discovery Gap for Reception, and for NB-IoT if the subframe is not required for uplink transmission or downlink reception other than on PDCCH; or
-
during the Active Time, for a subframe other than a PDCCH-subframe and for a UE capable of simultaneous reception and transmission in the aggregated cells, if the subframe is a downlink subframe indicated by a valid eIMTA L1 signalling for at least one serving cell not configured with schedulingCellId [8] and if the subframe is not part of a configured measurement gap and if the subframe is not part of a configured Sidelink Discovery Gap for Reception; or

-
during the Active Time, for a subframe other than a PDCCH-subframe and for a UE not capable of simultaneous reception and transmission in the aggregated cells, if the subframe is a downlink subframe indicated by a valid eIMTA L1 signalling for the SpCell and if the subframe is not part of a configured measurement gap and if the subframe is not part of a configured Sidelink Discovery Gap for Reception:

-
monitor the PDCCH;

-
if the PDCCH indicates a DL transmission or if a DL assignment has been configured for this subframe:

-
if the UE is an NB-IoT UE, a BL UE or a UE in enhanced coverage:

-
start the HARQ RTT Timer for the corresponding HARQ process in the subframe containing the last repetition of the corresponding PDSCH reception;

-
else:

-
start the HARQ RTT Timer for the corresponding HARQ process;

-
stop the drx-RetransmissionTimer for the corresponding HARQ process.

-
if the PDCCH indicates an UL transmission for an asynchronous HARQ process:

-
start the UL HARQ RTT Timer for the corresponding HARQ process in the subframe containing the last repetition of the corresponding PUSCH transmission;

-
except for NB-IoT, stop the drx-ULRetransmissionTimer for the corresponding HARQ process.

-
if the PDCCH indicates a new transmission (DL, UL or SL):

-
except for NB-IoT, start or restart drx-InactivityTimer.
-
if the PDCCH indicates a transmission (DL, UL) for a NB-IoT UE:

-
stop drx-InactivityTimer, drx-ULRetransmissionTimer and onDurationTimer.
-
in current subframe n, if the MAC entity would not be in Active Time considering grants/assignments/DRX Command MAC control elements/Long DRX Command MAC control elements received and Scheduling Request sent until and including subframe n-5 when evaluating all DRX Active Time conditions as specified in this subclause, type-0-triggered SRS [2] shall not be reported.

-
if CQI masking (cqi-Mask) is setup by upper layers:

-
in current subframe n, if onDurationTimer would not be running considering grants/assignments/DRX Command MAC control elements/Long DRX Command MAC control elements received until and including subframe n-5 when evaluating all DRX Active Time conditions as specified in this subclause, CQI/PMI/RI/PTI/CRI on PUCCH shall not be reported.

-
else:

-
in current subframe n, if the MAC entity would not be in Active Time considering grants/assignments/DRX Command MAC control elements/Long DRX Command MAC control elements received and Scheduling Request sent until and including subframe n-5 when evaluating all DRX Active Time conditions as specified in this subclause, CQI/PMI/RI/PTI/CRI on PUCCH shall not be reported.

Regardless of whether the MAC entity is monitoring PDCCH or not, the MAC entity receives and transmits HARQ feedback and transmits type-1-triggered SRS [2] when such is expected.

NOTE:
The same Active Time applies to all activated serving cell(s).

NOTE:
In case of downlink spatial multiplexing, if a TB is received while the HARQ RTT Timer is running and the previous transmission of the same TB was received at least N subframes before the current subframe (where N corresponds to the HARQ RTT Timer), the MAC entity should process it and restart the HARQ RTT Timer. 

NOTE:
The BL UE and the UE in enhanced coverage waits until the last subframe of the configured MPDCCH search space before executing the next specified action.
22.3.1.5.3
Test description

22.3.1.5.3.1
Pre-test conditions

System Simulator:

-
Ncell 1. 
-
RRC Connection Setup (preamble: Table 8.1.5.2.3-1, step 3 [18]) using parameters as specified in Table 22.3.1.5.3.3-1
UE:

None.

Preamble:

-
UE is in state NB-IoT UE Attach, Connected Mode, UE Test Loopback Activated (State 2B-NB) configured to return no data in UL according to [18] in Ncell 1.

22.3.1.5.3.2
Test procedure sequence

DRX parameters and search space parameters according to Table 22.3.1.5.3.3-1 result in periods as shown in the table below
	Period/Timer
	NPDCCH periods
	Duration (ms)

	NPDCCH period
	1
	256 (Rmax * G)

	DRX cycle
	16
	16 * 256 = 4096

	On Duration
	4
	1024

	Opportunity for DRX
	12
	3076

	drx-InactivityTimer
	4
	1024

	drx-RetransmissionTimer
	6
	1536

	drx-ULRetransmissionTimer
	24
	6144


In the following figures illustrate timing for the different test purposes; NPDCCH periods are marked in

-
green
for DL transmission (no CRC error)

-
red

for DL transmission (CRC error)

-
yellow
for DL transmission of MAC DRX command CE

-
blue
for UL transmission

The relevant timer/period for the test purpose is marked in light yellow.
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Figure 22.3.1.5.3.2-1: Timing for TP1 and TP2
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Figure 22.3.1.5.3.2-2: Timing for TP3
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Figure 22.3.1.5.3.2-3: Timing for TP4
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Figure 22.3.1.5.3.2-4: Timing for TP6
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Figure 22.3.1.5.3.2-5: Timing for TP7

Table 22.3.1.5.3.2-1: Main Behaviour

	St
	Procedure
	Message Sequence
	TP
	Verdict

	
	
	U - S
	Message
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	1
	In the first NPDCCH period of the next DRX On Duration the SS schedules the DL transmission of a MAC PDU in the first search space candidate of the search space.

	<--
	MAC PDU
	-
	-

	2
	Check: Does the UE transmit a HARQ ACK for the DL MAC PDU in Step 1?
	-->
	HARQ ACK
	1
	P

	3
	In the last NPDCCH period of the next DRX On Duration the SS schedules DL transmission of a MAC PDU in the last search space candidate of the search space.

	<--
	MAC PDU
	-
	-

	4
	Check: Does the UE transmit a HARQ ACK for the DL MAC PDU in Step 3?
	-->
	HARQ ACK
	1
	P

	5
	Four NPDCCH periods after the transmission at step 3 the SS schedules the DL transmission of a MAC PDU in the last search space candidate of the search space.
Note: Four NPDCCH periods is the duration of the drx-InactivityTimer


	<--
	MAC PDU
	-
	-

	6
	Check: Does the UE transmit a HARQ ACK for the DL MAC PDU in Step 5?
	-->
	HARQ ACK
	2
	P

	7
	In the last NPDCCH period of the next DRX On Duration the SS schedules the DL transmission of a MAC PDU in the last search space candidate of the search space; the SS shall generate a CRC error for this transmission causing the UE to send a NACK but the SS shall not perform any retransmissions. 


	<--
	Invalid MAC PDU
	-
	-

	8
	Check: Does the UE transmit a HARQ NACK for the DL MAC PDU in Step 7?
	-->
	HARQ NACK
	1
	P

	9
	In the next NPDCCH period the SS schedules the DL transmission of a (new) MAC PDU in the first search space candidate of the search space.
Note: The NDI of the corresponding DCI indicates a new  transmission 

	<--
	MAC PDU
	-
	-

	10
	Check: Does the UE transmit a HARQ ACK for the DL MAC PDU in Step 9?
	-->
	HARQ ACK
	3
	P

	11
	In the last NPDCCH period of the next DRX On Duration the SS schedules the DL transmission of a MAC PDU in the last search space candidate of the search space; the SS shall generate a CRC error for this transmission causing the UE to send a NACK but the SS shall not perform any retransmissions. 


	<--
	Invalid MAC PDU
	-
	-

	12
	Check: Does the UE transmit a HARQ NACK for the DL MAC PDU in Step 11?
	-->
	HARQ NACK
	1
	P

	13
	Six NPDCCH periods after the transmission at step 11 the SS schedules the DL transmission of a (new) MAC PDU in the last search space candidate of the search space.
Note 1: Six NPDCCH periods is the duration of the drx-RetransmissionTimer
Note 2: The NDI of the corresponding DCI indicates a new  transmission 


	<--
	MAC PDU
	-
	-

	14
	Check: Does the UE transmit a HARQ ACK for the DL MAC PDU in Step 13?
	-->
	HARQ ACK
	3
	P

	15
	In the last NPDCCH period of the next DRX On Duration the SS allocates an UL grant for UE in the last search space candidate of the search space.

	<--
	UL grant on PDCCH
	-
	-

	16
	Check: Does the UE transmit a Buffer Status Report on the UL indicating an empty buffer?
	-->
	Buffer Status Report MAC control element
	-
	-

	17
	24 NPDCCH periods after the transmission at step 15 the SS schedules the DL transmission of a MAC PDU in the last search space candidate of the search space.
Note: 26 NPDCCH periods is the duration of the drx-ULRetransmissionTimer

	<--
	MAC PDU
	-
	-

	18
	Check: Does the UE transmit a HARQ ACK for the DL MAC PDU in Step 17?
	-->
	HARQ ACK
	4
	P

	19
	In the third NPDCCH period of the next DRX On Duration the SS schedules the DL transmission of a MAC PDU in the first search space candidate of the search space; the SS shall generate a CRC error for this transmission causing the UE to send a NACK but the SS shall not perform any retransmissions. 


	<--
	Invalid MAC PDU
	-
	-

	20
	Check: Does the UE transmit a HARQ NACK for the DL MAC PDU in Step 19?
	-->
	HARQ NACK
	5
	P

	21
	In the same NPDCCH period as at step 19 the SS schedules the DL transmission of a MAC PDU containing a DRX MAC Control element in the last search space candidate of the search space.
Note 1: DRX command causes onDurationTimer to be stopped at the UE but HARQ RTT timer continues running.
Note 2: Expiry of HARQ RTT timer at the end of the NPDCCH period causes start of drx-RetransmissionTimer. 

Note 3: The NDI of the corresponding DCI indicates a new  transmission 


	<--
	MAC PDU(DRX MAC Control element)
	-
	-

	22
	Check: Does the UE transmit a HARQ ACK for the DL MAC PDU in Step 21?
Note: The UE sends the HARQ when it has successfully decoded the MAC PDU containing the DRX MAC Control element
	-->
	HARQ ACK
	5
	P

	23
	Two NPDCCH periods after the transmission at step 19/21 the SS schedules the DL transmission of a MAC PDU in the first search space candidate of the search space.
Note: Even if the UE does not obey to the DRX command, the onDurationTimer is not running anymore but the drx-RetransmissionTimer is running. 


	<--
	MAC PDU
	-
	-

	24
	Check: Does the UE transmit a HARQ ACK for the DL MAC PDU in Step 23?
	-->
	HARQ ACK
	6
	P

	25
	In the second NPDCCH period of the next DRX On Duration the SS schedules the DL transmission of a MAC PDU in the first search space candidate of the search space; the SS shall generate a CRC error for this transmission causing the UE to send a NACK but the SS shall not perform any retransmissions. 

	<--
	Invalid MAC PDU
	-
	-

	26
	Check: Does the UE transmit a HARQ NACK for the DL MAC PDU in Step 25?
	-->
	HARQ NACK
	-
	-

	27
	In the next NPDCCH period after step 25 the SS schedules the DL transmission of a MAC PDU containing a DRX MAC Control element in the first search space candidate of the search space. 
Note 1: DRX command causes onDurationTimer to be stopped at the UE but drx-RetransmissionTimer continues running.
Note 2: The NDI of the corresponding DCI indicates a new  transmission

	<--
	MAC PDU(DRX MAC Control element)
	-
	-

	28
	Check: Does the UE transmit a HARQ ACK for the DL MAC PDU in Step 27? 
Note: The UE sends the HARQ when it has successfully decoded the MAC PDU containing the DRX MAC Control element
	-->
	HARQ ACK
	5
	P

	29
	Six NPDCCH periods after the transmission at step 25 the SS schedules the DL transmission of a MAC PDU in the last search space candidate of the search space. Note: Six NPDCCH periods is the duration of the drx-RetransmissionTimer 
	<--
	MAC PDU
	-
	-

	30
	Check: Does the UE transmit a HARQ ACK for the DL MAC PDU in Step 29?
	-->
	HARQ ACK
	7
	P

	





22.3.1.5.3.3
Specific message contents

Table 22.3.1.5.3.3-1: RRCConnectionSetup-NB
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	Derivation path: 36.508 table 8.1.6.1-14

	Information Element
	Value/remark
	Comment
	Condition

	RRCConnectionSetup-NB ::= SEQUENCE {
	
	
	

	  criticalExtensions CHOICE {
	
	
	

	    c1 CHOICE {
	
	
	

	      rrcConnectionSetup-r13 SEQUENCE {
	
	
	

	        radioResourceConfigDedicated-r13 SEQUENCE {
	
	
	

	          mac-MainConfig-r13 CHOICE {
	
	
	

	            explicitValue-r13 SEQUENCE {
	
	
	

	              ul-SCH-Config-r13 SEQUENCE {
	
	
	

	                periodicBSR-Timer-r13
	infinity
	
	

	              }
	
	
	

	              drx-Config-r13 SEQUENCE {
	
	
	

	                setup SEQUENCE {
	
	
	

	                  onDurationTimer-r13
	pp4
	4 NPDCCH periods
	

	                  drx-InactivityTimer-r13
	pp4
	4 NPDCCH periods
	

	                  drx-RetransmissionTimer-r13
	pp6
	6 NPDCCH periods
	

	                  drx-Cycle-r13
	st4096
	16 NPDCCH periods (Note 1)
	

	                  drx-StartOffset-r13
	0
	
	

	                  drx-ULRetransmissionTimer-r13
	pp24
	24 NPDCCH periods
	

	                }
	
	
	

	              }
	
	
	

	            }
	
	
	

	          }
	
	
	

	          physicalConfigDedicated-r13 SEQUENCE {
	
	
	

	            npdcch-ConfigDedicated-r13 SEQUENCE {
	
	
	

	              npdcch-NumRepetitions-r13
	r64
	Rmax=64
(Note 1)
	

	            }
	
	
	

	          }
	
	
	

	        }
	
	
	

	      }
	
	
	

	    }
	
	
	

	  }
	
	
	

	}
	
	
	


Note 1: 
The default value of ‘npdcch-StartSF-USS’=4and the specific value ‘npdcch-NumRepetitions-r13’=64 result in PDCCH period =256 for the UE specific search space. 
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