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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In TS 38.133 RLM section [2], the detailed values on
· hypothetical PDCCH parameters,
· INS and OOS evaluation in DRX and non-DRX mode, and 
· minimum time separation for two successive indications from Layer1
are still FFS. In this contribution, we propose values on these three aspects and also discuss issues about extra power consumption caused by SSB timing and DRX Active Time misalignment. 
2.1	Hypothetical PDCCH Parameter
In LTE, to support different cell bandwidth and antenna port combinations, parameters of hypothetical PDCCH are defined in TS 36.133 [1] and shown below. 
[image: ]
In NR, the complexity of RLM has been increased in extra two dimensions because UE shall be able to monitor X RLM resources and the target BLERs become configurable. To minimize RLM testing complexity, the number of hypothetical PDCCH parameter settings need to be reduced and we prefer one setting for OOS and one setting for INS shown in Table 1.  
[bookmark: _Ref498550479]Proposal 1: To minimize testing complexity, the number hypothetical PDCCH parameter settings need to be reduced. We prefer single setting for INS and single setting for OOS.
Power boosting on PDCCH DMRS is UE-transparent. To avoid uncertainty on hypothetical PDCCH performance due to PDCCH DMRS power boosting, the ratio of PDCCH DMRS EPRE to RLM-RS EPRE shall additionally be specified. Sufficient SNR difference between INS and OOS required SNR is desired. In LTE, ratios of PDCCH RE EPRE to CRS EPRE were defined for both INS and OOS, and their difference is 4dB. This value is very key for difference between the required SNRs for INS and OOS in RLM tests. For NR, the accuracy of SINR estimation depends on evaluation period, RLM resource periodicity and channel type, as observed in our other contribution [3]. Moreover, RF impairments and required SNR shift due to different channel type are also need to be considered in such low SNR region. Therefore, we suggest the ratio of PDCCH data/DMRS RE EPRE to average RLM RS EPRE as in Table 1 and the value can be further revisited after other detail settings are clear, such as evaluation periods and DCI formats.
Observation 1: All parameters that have impact to the required SNRs for INS and OOS shall be considered jointly. 
[bookmark: _Ref498550498]Proposal 2: To have sufficient SNR separation between the required SNRs for INS and OOS, the ratios of PDCCH data/DMRS RE EPRE to average RLM RS EPRE in Table 1 is desired.
	Attribute
	Value for OOS
	Value for INS

	DCI format
	TBD
	TBD

	Number of control OFDM symbols
	TBD
	TBD

	PDCCH PRB allocation 
	TBD PRBs
	TBD PRBs

	Aggregation level (CCE)
	8
	4

	ratio of PDCCH data EPRE to RLM-RS EPRE
	[4] dB
	[-2] dB

	ratio of PDCCH DMRS EPRE to RLM -RS EPRE
	[4] dB
	[-2] dB


[bookmark: _Ref498539569][bookmark: _Ref498539558]Table 1: PDCCH transmission parameters for OOS and INS

2.2   	Qin and Qout Evaluation Period
[image: ]
NR RLM behavior is similar as LTE RLM in DRX mode. LTE evaluation period of OOS and INS in DRX mode [1] is shown above. As DRX cycle is 20ms, evaluation period length is 400ms (20 samples x 20ms). If NR evaluation period is 40 SSB samples for SSB periodicity of 5ms and 10ms, the evaluation period still is less than or equal to 400ms. Therefore, we leverage LTE DRX evaluation period with minor modification for NR. According to our simulation results [3], span of SINR estimation with 5 samples is larger than 6dB in ETU30 (SNR2 – SNR 3 is 6dB in LTE). Using more samples (10 samples) to derive SINR estimation can mitigate highly correlated samples due low Doppler. Therefore we propose that lower bound of 10 samples for Qin and Qout evaluation period for non-DRX and DRX mode. 	
[bookmark: _Ref498550515]Proposal 3: Qout and Qin evaluation period for DRX and non-DRX mode are proposed in Table 2.
	TBasic_SSB = max {SSB periodicity, DRX cycle lengthNote 2} (s)
	TEvaluate_out_SSB and TEvaluate_in_SSB

	TBasic_SSB ≤ 0.01
	Note 1 (40)

	0.01 < TBasic_SSB ≤ 0.04
	Note 1 (20)

	0.04 < TBasic_SSB ≤ 0.64
	Note 1 (10)

	….
	…

	Note 1:  Evaluation period length in time depends on the length of TBasic_SSB which is max {SSB periodicity, DRX cycle length}
Note 2: DRX cycle length=0, if DRX is not configured


Table 2: Qout and Qin Evaluation Period 

2.3	Minimum Time Separation for Two Successive Indications from Layer 1
In LTE DRX mode, two successive indications from Layer 1 shall be separated by at least max (10ms, DRX_cycle_length). NR RLM behavior is similar as LTE RLM behavior in DRX mode. For NR, we prefer that reuse LTE DRX requirement on two successive indications from Layer 1 directly and propose Table 3 for DRX and non-DRX mode, respectively.
[bookmark: _Ref498550555]Proposal 4: Minimum value of time separation for two successive indications from Layer1 is, TL1_ SSB, proposed in Table 3 for DRX and non-DRX mode.
	TBasic_SSB = max {SSB periodicity, DRX cycle lengthNote 2} (s)
	TL1_SSB

	TBasic_SSB ≤ 0.01
	10ms

	0.01 < TBasic_SSB
	Note 1 (1)

	Note 1:  TL1_SSB period length in time depends on the length of SSB periodicity
Note 2: DRX cycle length=0, if DRX is not configured


Table 3: Minimum value of time separation for two successive indications from Layer1

2.4	RLM in DRX mode
In NR, SSB timing and DRX Active Time shall be jointly considered. DRX mode is designed for power saving. Three interesting scenarios are listed in Table 4. As shown in Scenario 1, UE shall wake up and perform RLM during DRX off duration. NR UE suffers additional power consumption in DRX mode because SSB is not fully overlapped within Active Time. In Scenario 2, the SSB can be used to provide time/frequency error compensation and it is beneficial for PDCCH/PDSCH decoding in Active Time, although the actual UE awake time is extended. Comparing to Scenario 1 and 2, in Scenario 3, NR UE can save more power but PDCCH/PDSCH decoding performance at the very beginning of Active Time may degrade due to timing/frequency error.  
[bookmark: _Ref498550571]Proposal 5: Network is capable of optimizing UE power consumption and PDCCH/PDSCH decoding performance by configuring SSB timing and DRX Active Time. The timing relationship of SSB and DRX Active Time is critical for UE power consumption and PDCCH/PDSCH decoding performance.
	Scenario 1:SSB is not overlapped with DRX Active
	   [image: ]

	Scenario 2: SSB is not overlapped with DRX Active, but SSB is right before the beginning of onDuration
	[image: prefer0]

	Scenario 3: SSB is fully aligned with DRX Active Time
	[image: perfer1]


Table 4:  Timing relation between SSB and DRX Active Time

3	Summary
In this contribution, 4 aspects on RLM, including hypothetical PDCCH parameters, INS/OOS evaluation period, minimum timing separation between 2 successive indications from Layer1, and relation between SSB timing and DRX Active Time are discussed. Based on the discussion, we following observations and proposal are given for consideration.
Proposal 1: To minimize testing complexity, the number hypothetical PDCCH parameter combination need to be reduced. We prefer single combination for INS and single combination for OOS.
Observation 1: All parameters that have impact to the required SNRs for INS and OOS shall be considered jointly. 
Proposal 2: To have sufficient SNR separation between INS and OOS required SNR, the ratios of PDCCH data/DMRS RE EPRE to average RLM RS EPRE in Table 1 is desired.
	Attribute
	Value for OOS
	Value for INS

	DCI format
	TBD
	TBD

	Number of control OFDM symbols
	TBD
	TBD

	PDCCH PRB allocation 
	TBD PRBs
	TBD PRBs

	[bookmark: _GoBack]Aggregation level (CCE)
	8
	4

	ratio of PDCCH data EPRE to RLM-RS EPRE
	[4] dB
	[-2] dB

	ratio of PDCCH DMRS EPRE to RLM -RS EPRE
	[4] dB
	[-2] dB


Table 1: PDCCH transmission parameters for OOS and INS
Proposal 3: Qout and Qin evaluation period for DRX and non-DRX mode are proposed in Table 2.
	TBasic_SSB = max {SSB periodicity, DRX cycle lengthNote 2} (s)
	TEvaluate_out_SSB and TEvaluate_in_SSB

	TBasic_SSB ≤ 0.01
	Note 1 (40)

	0.01 < TBasic_SSB ≤ 0.04
	Note 1 (20)

	0.04 < TBasic_SSB ≤ 0.64
	Note 1 (10)

	….
	…

	Note 1:  Evaluation period length in time depends on the length of TBasic_SSB which is max {SSB periodicity, DRX cycle length}
Note 2: DRX cycle length=0, if DRX is not configured


Table 2: Qout and Qin Evaluation Period 
Proposal 4: Minimum value of time separation for two successive indications from Layer1 is, TL1_ SSB, proposed in Table 3 for DRX and non-DRX mode
	TBasic_SSB = max {SSB periodicity, DRX cycle lengthNote 2} (s)
	TL1_SSB

	TBasic_SSB ≤ 0.01
	10ms

	0.01 < TBasic_SSB
	Note 1 (1)

	Note 1:  TL1_SSB period length in time depends on the length of SSB periodicity
Note 2: DRX cycle length=0, if DRX is not configured



Table 3: Minimum value of time separation for two successive indications from Layer1
Proposal 5: Network is capable of optimizing UE power consumption and PDCCH/PDSCH decoding performance by configuring SSB timing and DRX Active Time. The timing relationship of SSB and DRX Active Time is critical for UE power consumption and PDCCH/PDSCH decoding performance.
4	Reference 
[1] TS 36.133, Evolved Universal Terrestrial Radio Access (E-UTRA); Requirements for support of radio resource management
[2] R4-1711985, “TS 38.133 v0.3.0”, Intel Corporation 
[3] R4-1712398, ``Link Level Simulation Results for RLM,’’ Mediatek Inc.
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Table 7.6.1-1 PDCCH/PCFICH transmission parameters for out-of-sync

&

Attribute

Value

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

DCI format

1A

Attribute

Value

Number of control OFDM symbols

2; Bandwidth > 10 MHz
3; 3 MHz < Bandwidth < 10 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

DCI format

1C

Number of control OFDM symbols

2; Bandwidth > 10 MHz
3; 3 MHz < Bandwidth < 10 MHz

Aggregation level (CCE)

4; Bandwidth = 1.4 MHz
4

1 dB: when two or four antenna ports are used
for cell-specific reference signal transmission by
the PCell or PSCell

Ratio of PDCCH RE energy to
average RS RE energy

dB; when two or four antenna ports are used
for cell-specific reference signal transmission by
the PCell or PSCell.

Ratio of PCFICH RE energy to
average RS RE energy

4 dB; when single antenna port /s Used for cell-
specific reference signal transmission by the
PCell or PSCell.

1 dB: when two or four antenna ports are used
for cell-specific reference signal transmission by
the PCell or PSCell

Ratio of PCFICH RE energy to
average RS RE energy

4 dB; when single antenna port is used for cell-
specific reference signal transmission by the
PCell or PSCell.

1 dB: when two or four antenna ports are used
for cell-specific reference signal transmission by
the PCell or PSCell.

Note 1:
Note 2:

DCl format 1A is defined in clause 5.3.3.1.3 in TS 36.212 [21].
A hypothetical PCFICH transmission corresponding to the number of

control symbols shall be assumed.

Note 1
Note 2:

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





image2.png
Table 7.6.2.2-1: Qout and Qin Evaluation Period in DRX

DRX cycle length (s) Tevaluate_Qout brRx and
Tevaluate_Qin_prx (s) (DRX cycles)
=0.01 Non-DRX requirements in
clause 7.6.2.1 are applicable.
0.01 < DRX cycle =0.04 Note 1 (20)
0.04 < DRX cycle = 0. 64 Note 1 (10)
0.64 < DRX cycle < 2.56 Note 1 (5)

Note 1:  Evaluation period length in time depends on the length of
the DRX cycle in use

Note 2:  MCG’s DRX configuration is applied for PCell RLM
evaluation and SCG’s DRX configuration is applied for
PSCell RLM evaluation





