
3GPP TSG-RAN WG2  #Adhoc                                                                             R2-1800166
Vancouver, Canada, 22th – 26th Jan 2018

Source:	CATT 
[bookmark: Title]Title:	Leftover Issues on DRX
[bookmark: Source]Agenda Item:	10.3.1.10
[bookmark: DocumentFor]Document for:	Discussion and Decision

Introduction
According to the email discussion of [1], there are still some open issues regarding the DRX, listed below:
· [bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK16][bookmark: OLE_LINK1][bookmark: OLE_LINK2][Issue 5.7-2]	RAN2 should conclude the detailed conditions when to monitor PDCCH considering Half-duplex and measurement gap.
· [Issue 5.7-4]	RAN1 and RAN2 should conclude UE behaviours when it is not in the Active Time (e.g. to not report CQI/PMI/RI/PTI on PUCCH, as in LTE).
· [bookmark: OLE_LINK31][bookmark: OLE_LINK32][Issue 5.7-5]	The following working assumption needs to be implemented after having RAN2 agreement: Working assumption:  Like in LTE, DRX behaviour with SPS UL should be to restart inactivity timer when UL data is transmitted, and not to restart when SPS UL grant is not used. This behaviour depends on outcome of DRX design.
In this contribution, we address the above open issues.
Discussion
Measurement gap and half-duplex handling
Measurement gap handling
In legacy LTE, the handling of measurement gap is distributed in the corresponding sections of MAC specification, which is not so easy to read. In order to solve this problem, the current NR MAC specification has merged the measurement gap handling into a separate section 5.14, thus improving the readability.
	5.14 Handling of measurement gaps
During a measurement gap, the MAC entity shall:
1>	not perform the transmission of HARQ feedback and CQI/PMI/RI/CRI;
1>	not report SRS;
1>	if the ra-ResponseWindow or the ra-ContentionResolutionTimer is running:
2>	monitor the PDCCH as specified in subclauses 5.1.4 and 5.1.5;
1>	else:
2>	not monitor the PDCCH.



Observation 1: The detailed condition when to monitor PDCCH considering measurement gap is quite clear in current MAC specification.

Half-duplex FDD UE handling
In legacy LTE, the handling of half-duplex FDD UE only impacts the DRX part. The corresponding description is as below:
	[bookmark: OLE_LINK12][bookmark: OLE_LINK13]-	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
…..
-	monitor the PDCCH;


[bookmark: _Toc500788018]
In NR, regarding half-duplex FDD UE, two issues need to be discussed:
· Issue 1: Whether half-duplex FDD UE needs to be supported in Rel-15?
· Issue 2: If it needs to be supported, how to capture it?
For issue 1, it depends on the discussion of RAN1 since the guard period for UL/DL switching should be defined by RAN1 like in LTE. It needs to discuss whether the half-duplex guard period can be smaller than subframe. But there is still no discussion regarding to it in RAN1. Hence it is reasonable to postpone RAN2’s discussion on half-duplex FDD UE until there is conclusion in RAN1.
Proposal 1: It is proposed that the handling of half-duplex FDD UE is postponed in RAN2 until there is conclusion in RAN1.
If proposal 1 is not acceptable and RAN2 wants to complete the MAC specification as much as possible, it needs to discuss the solution for issue 2. Considering the impact of half-duplex FDD UE is limited in MAC, hence in NR, there may be two alternatives to handle it:
· Alt 1:  Insert the half-duplex UE behaviour in DRX part.
· Alt 2:  Give a separate section to describe the UE behaviour of half-duplex FDD UE, like the handling of measurement gap.
In our understanding, Alt 2 is slightly preferred since it is easier for reading. But considering it is hard to conclude whether the granularity of half-duplex guard period is subframe or can be smaller, e.g., symbol level, it is preferred to use the wording of half-duplex guard period instead of the half-duplex guard subframe.
Proposal 2: If RAN2 decides to specify the handling of half-duplex FDD UE in MAC, a separate section can be used to specify that: For half-duplex FDD UE, for each PDCCH occasion, if the PDCCH occasion is required for uplink transmission or it is within the half-duplex guard period, the MAC entity shall not monitor the PDCCH.
UE behavior when not in Active Time
In LTE, the UE behavior when not in Active Time is as below:
	[bookmark: OLE_LINK27][bookmark: OLE_LINK28][bookmark: OLE_LINK24]-	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.



In current NR MAC, when UE is not in Active Time, it is only mentioned that CQI/PMI/RI on PUCCH is not reported.  There are two issues that need to be addressed:
· Issue 1: Whether CRI/type 0 SRS can be reported when the UE is not in Active Time?
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]Issue 2: When considering whether the UE will not be Active Time, whether the transition period needs to be considered?
· Issue 3: Whether the cqi-Mask will be reused in NR?
For issue 1, similar as in LTE, there is no strong motivation to report CRI/SRS when UE is not in Active Time.
Proposal 3: When UE is not in Active Time, CRI on PUCCH and type 0 SRS should not be reported.
For issue 2, it is reasonable to consider the transition period in NR like in LTE. In LTE, 5ms is used considering the PDCCH/PDSCH processing time (3ms) in PHY and the DRX MAC CE processing time (2ms) in MAC [3]. 
In NR, different from LTE, the PDCCH and scheduled PDSCH may be in different slot. Hence the transition period includes three parts:
· The PDCCH processing time (T1)
T1 should be decided by RAN1, it refers to K0 discussed in RAN1. There is no agreement reached in RAN1.
· The PDSCH processing time (T2) 
T2 should also be decided by RAN1. According to TS38.213, PDSCH processing time is defined as the following, its maximum value is 24 symbols based on 120KHz subcarrier space.
	Table 5.3-1: PDSCH processing time for PDSCH processing capability 1
	

	PDSCH decoding time N1 [symbols]

	
	No additional PDSCH DM-RS configured
	Additional PDSCH DM-RS configured

	0
	8
	13

	1
	10
	13

	2
	17
	20

	3
	20
	24



Table 5.3-2: PDSCH processing time for PDSCH processing capability 2
	

	PDSCH decoding time N1 [symbols]

	
	No additional PDSCH DM-RS configured
	Additional PDSCH DM-RS configured

	0
	[2.5 - 4]
	[12]

	1
	[2.5 - 6]
	[12]





· DRX MAC CE processing time (T3).
T3 should be decided by RAN2.
Currently, T1 has not been decided in RAN1 and T2 has not been decided in RAN2. Hence it is hard to decide the length of the transition period.
Proposal 4: Handling for transition period should be captured in TS38.321, but its value can be postponed until K0 is determined by RAN1.
Proposal 5: RAN2 should decide the DRX MAC CE processing time in order to conclude on the DRX transition time.
For issue 3, cqi-Mask is introduced in LTE to allow the eNB allocating time-sharing PUCCH resources between users in DRX.  It can be reused in NR.
Proposal 6: cqi-Mask mechanism can be reused in NR.
Impact of SPS UL on inactivity timer
In RAN2 97#bis meeting, the following working assumption was reached:
Agreements on SPS:
-	Like in legacy LTE, at least SPS period is configured by RRC.  FFS how frequency resources, MCS, etc., for SPS are provided to the UE depends on RAN1 discussion. 
-	UL skipping for dynamic grant should be configurable.  FFS if UL skipping for SPS is configurable
-	Working assumption:  Like in LTE, DRX behaviour with SPS UL should be to restart inactivity timer when UL data is transmitted, and not to restart when SPS UL grant is not used.  This behaviour depends on outcome of DRX design.
It said that working assumption is based on legacy LTE. But we checked the legacy LTE, the handling of UL SPS and drx-InactivityTimer is as below:
	-	if the PDCCH indicates an UL transmission for an asynchronous HARQ process or if an UL grant has been configured for an asynchronous HARQ process for this subframe:
-	start the UL HARQ RTT Timer for the corresponding HARQ process in the subframe containing the last repetition of the corresponding PUSCH transmission;
-	stop the drx-ULRetransmissionTimer for the corresponding HARQ process;
-	if NB-IoT, stop drx-RetransmissionTimer for all DL HARQ processes.
-	if the PDCCH indicates a new transmission (DL, UL or SL):
-	except for an NB-IoT UE configured with a single DL and UL HARQ process, start or restart drx-InactivityTimer.


From the above description, it is observed that in legacy LTE:
· Only for SPS activation, the drx-InactivityTimer should be started or restarted.
· For other UL SPS occasions, the drx-InactivityTimer will not be impacted.
In NR, if the same UE behavior is used, drx-InactivityTimer does not need to be started no matter there is UL data transmission or not in the SPS occasion besides the first UL SPS occasion. There is no strong motivation to make any change.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Proposal 7: Like in LTE, for UL SPS, the drx-InactivityTimer only will be started/restarted during SPS activation and not started/restarted for other UL SPS occasion.
Conclusion
According to the analysis in section 2, it is proposed:
Proposal 1: It is proposed that the handling of half-duplex FDD UE is postponed in RAN2 until there is conclusion in RAN1.
Proposal 2: If RAN2 decides to specify the handling of half-duplex FDD UE in MAC, a separate section can be used to specify that: For half-duplex FDD UE, for each PDCCH occasion, if the PDCCH occasion is required for uplink transmission or it is within the half-duplex guard period, the MAC entity shall not monitor the PDCCH.
Proposal 3: When UE is not in Active Time, CRI on PUCCH and type 0 SRS should not be reported.
Proposal 4: Handling for transition period should be captured in TS38.321, but its value can be postponed until K0 is determined by RAN1.
Proposal 5: RAN2 should decide the DRX MAC CE processing time in order to conclude on the DRX transition time.
Proposal 6: cqi-Mask mechanism can be reused in NR.
Proposal 7: Like in LTE, for UL SPS, the drx-InactivityTimer only will be started/restarted during SPS activation and not started/restarted for other UL SPS occasion.
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5.7	Discontinuous Reception (DRX)
The MAC entity may be configured by RRC with a DRX functionality that controls the UE’s PDCCH monitoring. 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 using DRX operation, the MAC entity shall monitor PDCCH according to requirements found in this specification.
RRC controls DRX operation by configuring the following timers:
-	drx-onDurationTimer: the duration at the beginning of a DRX Cycle;
-	drx-SlotOffset: the delay in slots before starting the drx-onDurationTimer;
-	drx-InactivityTimer: the duration after the PDCCH occasion in which a PDCCH indicates an initial UL or DL user data transmission for the MAC entity;
-	drx-RetransmissionTimerDL (per DL HARQ process): the maximum duration until a DL retransmission is received;
-	drx-RetransmissionTimerUL (per UL HARQ process): the maximum duration until a grant for UL retransmission is received;
-	drx-LongCycle: the Long DRX cycle;
-	drx-ShortCycle (optional): the Short DRX cycle;
-	drx-ShortCycleTimer (optional): the duration the UE shall follow the Short DRX cycle;
-	drx-HARQ-RTT-TimerDL (per DL HARQ process): the minimum duration before a DL assignment for HARQ retransmission is expected by the MAC entity;
-	drx-HARQ-RTT-TimerUL (per UL HARQ process): the minimum duration before a UL HARQ retransmission grant is expected by the MAC entity.
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 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:
1>	if a drx-HARQ-RTT-TimerDL expires:
2>	if the data of the corresponding HARQ process was not successfully decoded:
3>	start the drx-RetransmissionTimerDL for the corresponding HARQ process.
1>	if an drx-HARQ-RTT-TimerUL expires:
2>	start the drx-RetransmissionTimerUL for the corresponding HARQ process.
1>	if a DRX Command MAC CE or a Long DRX Command MAC CE is received:
2>	stop drx-onDurationTimer;
2>	stop drx-InactivityTimer.
1>	if drx-InactivityTimer expires or a DRX Command MAC CE is received:
2>	if the Short DRX cycle is configured:
3>	start or restart drx-ShortCycleTimer;
3>	use the Short DRX Cycle.
2>	else:
3>	use the Long DRX cycle.
1>	if drx-ShortCycleTimer expires:
2>	use the Long DRX cycle.
1>	if a Long DRX Command MAC CE is received:
2>	stop drx-ShortCycleTimer;
2>	use the Long DRX cycle.
1>	if the Short DRX Cycle is used, and [(SFN * 10) + subframe number] modulo (drx-ShortCycle) = (drx-StartOffset) modulo (drx-ShortCycle); or
1>	if the Long DRX Cycle is used, and [(SFN * 10) + subframe number] modulo (drx-LongCycle) = drx-StartOffset:
2>	if drx-SlotOffset is configured:
3>	start drx-onDurationTimer after drx-SlotOffset;
2>	else:
3>	start drx-onDurationTimer.
1>	if the MAC entity is in Active Time:
2>	monitor the PDCCH;
2>	if the PDCCH indicates a DL transmission or if a DL assignment has been configured:
3>	start the drx-HARQ-RTT-TimerDL for the corresponding HARQ process immediately after the corresponding PUCCH transmission;
3>	stop the drx-RetransmissionTimerDL for the corresponding HARQ process;
2>	if the PDCCH indicates a UL transmission or if a UL grant has been configured:
3>	start the drx-HARQ-RTT-TimerUL for the corresponding HARQ process immediately after the first repetition of the corresponding PUSCH transmission;
3>	stop the drx-RetransmissionTimerUL for the corresponding HARQ process;
2>	if the PDCCH indicates a new transmission (DL or UL):
3>	start or restart drx-InactivityTimer.
1>	else (i.e. not part of the Active Time):
2>	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-k when evaluating all DRX Active Time conditions as specified in this subclause, type-0-triggered SRS [6] shall not be reported.
2> if CQI masking (cqi-Mask) is setup by upper layers:
           3>  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-k when evaluating all DRX Active Time conditions as specified in this subclause, CQI/PMI/RI/PTI/CRI on PUCCH shall not be reported.
2>  else:
3>  in current subframe n, if 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-k when evaluating all DRX Active Time conditions as specified in this subclause, not report CQI/PMI/RI /CRI on PUCCH.
Editor's Note: k can be decided until RAN1 reached agreement on K0 and RAN2 reached agreement on DRX MAC CE processing time.



7
R2-1800166
oleObject2.bin

image1.wmf
DL

m


oleObject1.bin

