3GPP TSG RAN WG4 Meeting #85
R4-17xxx
Reno, USA, 27th November - 1st December, 2017
Agenda Item:
9.7.6.1
Source: 
Ericsson
Title:
RRM Requirements in DRX in NR
Document for:
Discussion
1 Introduction
In NR the measurement requirements will be defined with and without DRX. Until now RAN4 has mainly focused on requirements without DRX based on simulation results which are obtained in non-DRX.
In this paper we address DRX related issues and also analyse the measurement requirements in DRX in NR. 
2 Definition of DRX and non-DRX
Since requirements are being specified in non-DRX and also in DRX, therefore it is important that both these terms are well defined in TS 38.133. The non DRX implies the time during which the UE receiver is required to be active (ON) for receiving e.g. DL control channel.
In section 5.7 of TS 38.321 V1.0.0 [1], the active time when DRX is configured is defined as follows: 

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).

Editor's note: Editor thinks the definition for the Active Time in LTE can be re-used, but RAN2 confirmation requires.
Based on the RAN2 definition of the active time, the states when no DRX is used and the DRX is used can be defined  as follows:
For the requirements in RRC connected state specified in this version of the specification (TS 38.133), the UE shall assume that no DRX is used provided the following conditions are met:

-
DRX parameters are not configured or

-
DRX parameters are configured and

· drx-onDurationTimer is runing or
· drx-InactivityTimer is running or
· drx-RetransmissionTimerDL is running or
· drx-RetransmissionTimerUL is running or

· ra-ContentionResolutionTimer is running or
· a Scheduling Request sent on PUCCH is pending 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

Otherwise the UE shall assume that DRX is used.
· Proposal 1: Definition of the states when no DRX is used and when the DRX is used shall be defined in TS 38.133.
3 Time tracking in DRX 

Especially in long DRX cycle the UE needs to wake up before the start of the DRX active time (e.g. in DRX ON duration) to perform time and/or frequency tracking in order to be able to receive DL control channel. In LTE the CRS are transmitted in every subframe. This allows the UE to perform time tracking using the CRS anytime before the DRX active time. 
But in NR the UE will have to perform the time tracking based on PSS/SSS and DMRS within the SS/PBCH block. The is configured with SMTC configuration, which provides the occasion of the occurrence of the SS/PBCH block. The SMTC periodicity can be any of 5 ms, 10 ms, 20 ms, 40 ms , 80 ms or 160 ms. For shorter SMTC periodicity like up to 20 or 40 ms the UE can perform time tracking based on SS/PBCH block without any major impact on the UE power consumption. But when configured with longer SMTC periodicity (e.g. 80 or 160 ms) and also relatively longer DRX cycle then the UE may have to wake up well before the DRX on duration. It is not expected that the DRX cycle on duration and SMTC occasion are always aligned. 

A tracking reference signal (TRS) are specified in section 7.4.1.6 of TS 38.211 v1.1.1 [3]. It is up to the network when the TRS are configured. We therefore suggest that the UE shall assume that TRS are available at the UE before the DRX on only when both SMTC periodicity and DRX cycles are longer e.g. SMTC periodicity ≥ 80 ms and DRX cycle ≥ 1280 ms. In other cases the UE shall not assume that TRS are also available at the UE. However it is up to the network whether it also configures TRS when the UE is configured with shorter DRX cycles or SMTC periodicity.
· Proposal 2: To enable time tracking in DRX the UE shall assume that TRS are available at the UE before the DRX ON provided that the SMTC periodicity ≥ 80 ms and DRX cycle ≥ 1280 ms.
4 RRM Requirements in DRX
RAN2 is defining the same ranges of the DRX cycles for NR as specified in LTE. This means the DRX cycles shall vary between 2 ms to 2560 ms in NR. RAN4 will have to define the RRM requirements for all the DRX cycles which are being defined in RAN2 for the NR. The SS/PBCH based RLM and even intra-frequency measurements are being defined with and without measurement gaps. Table 1 provides summary of parameters and their ranges which will impact the NR measurement/evaluation time for SS/PBCH based procedures (RLM/measurements) when DRX is used.
Table 1: Measurement Requirements
	Parameter
	Parameter range
	Applicability 

	DRX cycle length (TDRX)
	2 ms ≤  TDRX ≤ 2560 ms
	RLM on NR PSCell and intra- and inter-frequency measurements

	SMTC periodicity (TSMTC)
	5 ms ≤ TSMTC  ≤ 160 ms
	RLM on NR PSCell and intra- and inter-frequency measurements

	Measurement gap periodicity (Tgap) (if gaps are used)
	20 ms ≤ TGAP  ≤ 160 ms
	RLM on NR PSCell and intra- and inter-frequency measurements

	SCell measurement cycle (TSCellCycle)
	160 ms ≤  TSCellCycle ≤ 1280 ms
	Measurements on SCC with deactivated SCell


Therefore NR requirements in DRX can be function of the following parameters depending on the type of requirements as described in the next section:

· DRX cycle length (TDRX)

· SMTC periodicity (TSMTC)

· Measurement gap periodicity (Tgap) (if gaps are used)

· SCell measurement cycle (TSCellCycle) (for SCC with deactivated SCell)

4.1 RLM requirements in DRX
Table 2 provides general function to specify the out of sync (OOS) and in sync (IS) evaluation periods for SS/PBCH based RLM on NR PSCell in DRX with and without gaps. The parameters K1 and K2 are constant multipliers representing the number of SMTC occasions needed for the RLM. Their values will be different for OOS and IS. The parameter G1 is the gap sharing parameter for sharing gaps between intra- and inter-frequency measurements. G1 may also include number of intra-frequency carriers (e.g. NR PSC, NR SCC etc) used for NR measurements including RLM.
Table 2: RLM Requirements for NR PSCell in DRX
	No
	Scenario
	OOS/IS Evaluation period
	Applicability/use case

	1
	RLM on NR PSCell without gaps 
	K1*MAX(TDRX, TSMTC)
	SS/PBCH based RLM

	1
	RLM on NR PSCell with gaps 
	G1*K2*MAX(TDRX, TSMTC)
	SS/PBCH based RLM


4.2 Intra-frequency measurement requirements in DRX

Table 3 provides general function to specify the measurement time (e.g. L1 period and cell identification delay) for SS/PBCH based measurements on cells of NR PSC without gaps and NR SCC in DRX with and without gaps. In case of measurements on SCC with deactivated SCell the requirements also depend on the SCell measurement cycle. The parameters L1, L2, L3 and L4 are constant multipliers representing the number of SMTC occasions needed for the measurements. Their values will be different for L1 measurement period and for cell identification delay. The parameter G1 is the same as used in RLM may also include number of intra-frequency carriers (e.g. NR PSC, NR SCC etc) used for NR measurements.
In case of measurements on SCC with deactivated SCell with DRXm the MAX (.) includes only DRX cycle and SCell measurement cycle since other parameters (SMTC and gap periodicities) can never exceed the SCell measurement cycle.
Table 3: Measurement Requirements for NR Intra-frequency Measurements in DRX
	No
	Scenario
	Measurement time
	Applicability

	1
	Measurement without gaps on cells of carrier with activated serving cell
	L1*MAX(TDRX, TSMTC)
	Measurement on cells of: PSC or SCC with activated SCell

	2
	Measurement without gaps on cells of carrier with deactivated serving cell
	L2*MAX(TDRX, TSCellCycle)
	Measurement on cells of: SCC with deactivated SCell

	3
	Measurement with gaps on cells of carrier with activated serving cell
	G1*L3*MAX(TDRX, TSMTC, Tgap)
	Measurement on cells of: PSC or SCC with activated SCell

	4
	Measurement with gaps on cells of carrier with deactivated serving cell
	G1*L4*MAX(TDRX, TSCellCycle)
	Measurement on cells of: SCC with deactivated SCell


4.3 Inter-frequency measurement requirements in DRX

Table 4 provides general function to specify the measurement time (e.g. L1 period and cell identification delay) for SS/PBCH based NR inter-frequency measurements in DRX with gaps. The parameter M1 is a constant multiplier representing the number of SMTC occasions needed for the inter-frequency measurements. Its value will be different for L1 measurement period and for cell identification delay. The parameter G2 is the gap sharing parameter for sharing gaps between intra- and inter-frequency measurements. G2 also includes the total number of non-serving carriers configured for measurements.

Table 4: Measurement Requirements for NR Inter-frequency Measurements in DRX

	No
	Scenario
	Measurement time
	Applicability

	1
	Measurement with gaps on cells of inter-frequency carrier 
	G2*M1*MAX(TDRX, TSMTC, Tgap)
	Measurement on cells of non-serving NR carrier. 


5 Summary

In this paper we have discussed the DRX definition and also analysed the impact of DRX on RRM requirements. Following are the main proposals based on the analysis:
· Proposal 1: Definition of the states when no DRX is used and when the DRX is used shall be defined in TS 38.133.
· Proposal 2: To enable time tracking in DRX the UE shall assume that TRS are available at the UE before the DRX ON provided that the SMTC periodicity ≥ 80 ms and DRX cycle ≥ 1280 ms.

· Proposal 3: The proposed requirements in terms of measurement time for RLM on NR PSCell, NR intra-frequency measurements and inter-frequency measurements are expressed in tables 2, 3 nd 4 respectively.
Table 2: RLM Requirements for NR PSCell in DRX

	No
	Scenario
	OOS/IS Evaluation period
	Applicability/use case

	1
	RLM on NR PSCell without gaps 
	K1*MAX(TDRX, TSMTC)
	SS/PBCH based RLM

	1
	RLM on NR PSCell with gaps 
	G1*K2*MAX(TDRX, TSMTC)
	SS/PBCH based RLM


Table 3: Measurement Requirements for NR Intra-frequency Measurements in DRX

	No
	Scenario
	Measurement time
	Applicability

	1
	Measurement without gaps on cells of carrier with activated serving cell
	L1*MAX(TDRX, TSMTC)
	Measurement on cells of: PSC or SCC with activated SCell

	2
	Measurement without gaps on cells of carrier with deactivated serving cell
	L2*MAX(TDRX, TSCellCycle)
	Measurement on cells of: SCC with deactivated SCell

	3
	Measurement with gaps on cells of carrier with activated serving cell
	G1*L3*MAX(TDRX, TSMTC, Tgap)
	Measurement on cells of: PSC or SCC with activated SCell

	4
	Measurement with gaps on cells of carrier with deactivated serving cell
	G1*L4*MAX(TDRX, TSCellCycle)
	Measurement on cells of: SCC with deactivated SCell


Table 4: Measurement Requirements for NR Inter-frequency Measurements in DRX

	No
	Scenario
	Measurement time
	Applicability

	1
	Measurement with gaps on cells of inter-frequency carrier 
	G2*M1*MAX(TDRX, TSMTC, Tgap)
	Measurement on cells of non-serving NR carrier. 


A TP to TS 38.133 to define DRX active and inactive times is provided in [3].
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