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1. Introduction 
The major part of the radio link monitoring requirements was agreed in the last RAN4 meeting [1]. However, few remaining issues especially requirements for transition scenarios: when UE switches from DRX to non DRX or vice versa or when it switches from shorter DRX to longer DRX or vice versa need to be completed. 

2. Evaluation Periods during DRX Transitions
The current radio link monitoring requirements for out of sync and in sync evaluation periods are specified for the cases when the UE is consistently either in non DRX mode or DRX modes of operation. However, the UE may be transiting between various DRX cycle lengths (e.g. between short to long DRX or vice versa). Similarly the UE may be transiting from non DRX to DRX mode of operation. The UE behaviour for these scenarios needs to be specified. 
The network can configure two out of a large number of possible DRX cycles ranging between 2 ms to 2.56 seconds. It is therefore not feasible to specify evaluation periods during the transitions for various combinations of DRX cycles. There was also a general consensus in the last meeting that the details of the evaluation periods for these transition scenarios need not specified [2]. Instead we propose that UE behaviour which could capture these scenarios is specified.
Let us consider a specific DRX transition scenario where the DRX is changed from 640 ms (mode # 1) to 20 ms (mode # 2). If we consider two extreme cases then during the transition the out of sync/in sync evaluation periods can be specified either corresponding to shorter DRX cycle (20 ms) or corresponding to longer DRX cycle (mode # 2). Shorter DRX cycle such as 20 ms is typically used for delay sensitive services e.g. VOIP. Therefore we feel it is more appropriate to use evaluation period after the transition corresponding to mode 2 (i.e. corresponding to 20 ms) in the above scenario since otherwise performance of delay sensitive services will be adversely affected.  Apparently in the opposite case of similar scenario as mentioned above where the DRX changes from 20 ms (mode # 1) to 640 ms (mode # 2) it might be acceptable to have evaluation period corresponding to mode # 2 (i.e. corresponding to 640 ms DRX). However it is still more appropriate to have similar behaviour for both scenarios i.e. use the evaluation period corresponding to the shorter of the DRX during the transition. In simple words during the transition the evaluation out of sync/in sync evaluation period is the minimum of the evaluation period of DRX used prior to and after the transition. Note that the term, ‘transition’ or ‘transition period’ implies the duration of the evaluation period of DRX used during second mode of operation (i.e. just after the transition).  After the transition period the evaluation period of the on going DRX shall apply. The exact text of the UE behaviour is expressed below and the corresponding proposed changes are also shown in the annex.     
When the UE transitions between DRX and non-DRX or when DRX cycle periodicity changes, for a duration of time equal to the evaluation period corresponding to the second mode after the transition occurs, the UE shall use an evaluation period that is the minimum of evaluation periods corresponding to the first mode and the second mode. Subsequent to this duration, the UE shall use an evaluation period corresponding to the second mode. This requirement shall be applied to both out-of-sync evaluation and in-sync evaluation.

3. Summary

In this contribution we have addressed the main open issue of defining requirements (evaluation period) for DRX transition scenarios when UE switches between short and long DRX or between DRX and non DRX modes respectively. It is proposed to define a common UE behaviour for all possible transitions scenarios. If the proposal is acceptable then a formal CR can be provided.

4. References


[1] 3GPP TS 36.133, “Evolved Universal Terrestrial Radio Access (E-UTRA); Requirements for support of radio resource management”.
[2] R4-083238, “RRM Ad hoc Minutes (Wednesday Afternoon)”, Ericsson.
5. Annex

-----------------------START OF CHANGED SECTION------------------------

7.6
Radio Link Monitoring

7.6 .1
Introduction

The UE shall monitor the downlink link quality based on the cell-specific reference signal in order to detect the downlink radio link quality of the serving cell as specified in [3]. 

The UE shall estimate the downlink radio link quality and compare it to the thresholds Qout and Qin for the purpose of monitoring downlink radio link quality of the serving cell. 

The threshold Qout is defined as the level at which the downlink radio link cannot be reliably received and shall correspond to [10%] block error rate of a hypothetical PDCCH transmission taking into account the PCFICH errors with transmission parameters specified in Table 7.6.1-1. 

The threshold Qin is defined as the level at which the downlink radio link quality can be significantly more reliably received than at Qout and shall correspond to [2%] block error rate of a hypothetical PDCCH transmission taking into account the PCFICH errors with transmission parameters specified in Table 7.6.1-2.

Table 7.6.1-1 PDCCH/PCFICH transmission parameters for out-of-sync

	Attribute
	Value

	DCI format
	1A

	Number of control OFDM symbols

	[2]; Bandwidth ( [10] MHz

[3]; [3] MHz ( Bandwidth ( [5] MHz

[4]; Bandwidth = [1.4] MHz

	Aggregation level (CCE)
	4; Bandwidth = [1.4] MHz

8; Bandwidth ( [3] MHz

	Ratio of PDCCH RE energy to average RS RE energy
	[4] dB; Antenna configuration (1x2)

[1] dB: Antenna configuration (2x2) and (4x2)

	Ratio of PCFICH RE energy to average RS RE energy
	[4] dB; Antenna configuration (1x2)

[1] dB: Antenna configuration (2x2) and (4x2)

	Note 1: DCI format 1A is defined in section 5.3.3.1.3 in 3GPP TS 36.212 [21].
Note 2: A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed.


Table 7.6.1-2 PDCCH/PCFICH transmission parameters for in-sync
	Attribute
	Value

	DCI format
	1C

	Number of control OFDM symbols
	[2]; Bandwidth ( [10] MHz

[3]; [3] MHz ( Bandwidth ( [5] MHz

[4]; Bandwidth = [1.4] MHz

	Aggregation level (CCE)
	4

	Ratio of PDCCH RE energy to average RS RE energy
	[0] dB; Antenna configuration (1x2)

[-3] dB; Antenna configuration (2x2) and (4x2)

	Ratio of PCFICH RE energy to average RS RE energy
	[4] dB; Antenna configuration (1x2)

[1] dB: Antenna configuration (2x2) and (4x2)

	Note 1: DCI format 1C is defined in section 5.3.3.1.4 in 3GPP TS 36.212 [21].
Note 2: A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed.


7.6.2
Requirements
7.6.2.1
Minimum requirement when no DRX is used 

When the downlink radio link quality estimated over the last [200] ms period becomes worse than the threshold Qout, Layer 1 of the UE shall send an out-of-sync indication to the higher layers within [200] ms Qout evaluation period. A Layer 3 filter shall be applied to the out-of-sync indications as specified in [2]. 

When the downlink radio link quality estimated over the last [100] ms period becomes better than the threshold Qin, Layer 1 of the UE shall send an in-sync indication to the higher layers within [100] ms Qin evaluation period. A L3 filter shall be applied to the in-sync indications as specified in [2]. 
The out-of-sync and in-sync evaluations shall be performed as specified in section 4.2.1 in [3]. Two successive indications from Layer 1 shall be separated by at least [10] ms.
The transmitter power shall be turned off within [40] ms after expiry of  T310 timer as specified in section 5.3.11 in [2]. 

7.6.2.2
Minimum requirement when DRX is used 

When DRX is used the Qout evaluation period (TEvaluate_Qout_DRX) is specified in Table 7.6.2.2-1 will be used. 

When the downlink radio link quality estimated over the last TEvaluate_Qout_DRX [s] period becomes worse than the threshold Qout, Layer 1 of the UE shall send out-of-sync indication to the higher layers within TEvaluate_Qout_DRX [s] evaluation period. A Layer 3 filter shall be applied to the out-of-sync indications as specified in [2]. 

When the downlink radio link quality estimated over the last TEvaluate_Qin_DRX [s] period becomes better than the threshold Qin, Layer 1 of the UE shall send in-sync indications to the higher layers within TEvaluate_Qin_DRX [s] evaluation period. A L3 filter shall be applied to the in-sync indications as specified in [2].
The out-of-sync and in-sync evaluations shall be performed as specified in section 4.2.1 in [3]. Two successive indications from Layer 1 shall be separated by at least max([10] ms, DRX_cycle_length).
Upon start of T310 timer as specified in section 5.3.11 in [2], the UE shall monitor the link for recovery using the evaluation period and Layer 1 indication interval corresponding to the non-DRX mode until the expiry of T310 timer.
The transmitter power shall be turned off within [40] ms after expiry of  T310 counter as specified in section 5.3.11 in  [2]. 
7.6.2.3
Minimum requirement at transitions 

The out-of-sync and in-sync evaluations shall be performed as specified in section 4.2.1 in [3]. Two successive indications from Layer 1 shall be separated by at least max([10] ms, DRX_cycle_length).
When the UE transitions between DRX and non-DRX or when DRX cycle periodicity changes, for a duration of time equal to the evaluation period corresponding to the second mode after the transition occurs, the UE shall use an evaluation period that is the minimum of evaluation periods corresponding to the first mode and the second mode. Subsequent to this duration, the UE shall use an evaluation period corresponding to the second mode. This requirement shall be applied to both out-of-sync and in-sync evaluations.



Table 7.6.2.2-1: Qout Evaluation Period in DRX

	DRX cycle length (s)
	TEvaluate_Qout_DRX  (s) (DRX cycles)

	≤0.04
	   [Note (20)]

	0.08
	[0.8 (10)]

	0.16
	[1.6 (10)]

	0.32
	[3.2 (10)]

	0.64
	 [6.4 (10)]

	1.28
	[6.4 (5)]

	2.56
	[12.8 (5)]

	Note: Evaluation period length in time depends on the length of the DRX cycle in use

	Table 7.6.2.2-2: Qin Evaluation Period in DRX

DRX cycle length (s)
	TEvaluate_Qin_DRX (s) (DRX cycles)

	≤0.04
	   [Note (10)]

	0.08
	[0.48 (6)]

	0.16
	[0.96 (6)]

	0.32
	[1.92 (6)]

	0.64
	[3.84 (6)]

	1.28
	[3.84 (3)]

	2.56
	[7.68 (3)]

	Note: Evaluation period length in time depends on the length of the DRX cycle in use
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