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1 Introduction
In last RAN4 meeting, the link level simulation for FDD and TDD RSRP/RSRQ measurement accuracy were discussed thoroughly, and a WF [1] was approved at last for future study. The main contents of RSRP/RSRQ in this WF are duplicated as,

·  RSRP and RSRQ: 
· L1 measurement period for LC-MTC
· Interested companies are to provide RSRP/RSRQ link simulations for 1 Rx at UE the following 2 options: 
· 400ms 
· Measurement sampling rate of 1 sample /80 ms i.e. 5 equally spaced samples over L1 measurement period = 400 ms 
· 200ms 
· Measurement sampling rate of 1 sample /40 ms i.e. 5 equally spaced samples over L1 measurement period = 200 ms. 
·  The results for the 2 options will be compared to decide which L1 period to be used for defining RSRP/RSRQ measurement requirements for LC-MTC. 
· Measurement accuracy
· To compare the difference in RSRP/RSRQ measurement accuracies between 1 Rx and legacy UE (i.e. with 2 Rx), companies are to provide the following results
· Additional RSRP/RSRQ link simulation results for 2 Rx  over L1 measurement period = 200 ms with measurement sampling rate = 1 sample / 40 ms. 
· RSRP/RSRQ value shall not be lower than the corresponding RSRP/RSRQ of any of the individual diversity branches [TS 36.214].
· How to define the requirements is FFS.
· Agreement on RSRP and RSRQ: 
· At least 1 DL subframe per radio frame of measured cell is available at the UE for RSRP/RSRQ measurement assuming measured cell is identified cell.  
Based on the agreement in the WF, we show the simulation results in this paper to compare the different options, and the analysis on how to define the requirement for RSRP/RSRQ is also provided. As the performance for FDD and TDD are similar from the previous study in [2][3], in this contribution we simulate FDD case only. For HD-FDD the cell identification requirement is also analyzed in this contribution.
2 Simulation assumptions
Approved assumption for FDD can be referred to [4]. Considering the agreements in the WF in last meeting, the simulation parameters table can be revised as below,
Table 1. Simulation parameters for RSRP/RSRQ measurement accuracy studies

	Parameters
	Value
	Comments

	Frame structure type
	1
	FDD

	Measurement bandwidth
	6 resource blocks
	Both RSRP and RSSI measured over 6 RB

	System bandwidth
	6 resource blocks
	

	L1 measurement period
	200 ms, 400 ms
	

	Measurement sampling rate
	40ms for 200ms,

80ms for 400ms 
	5 equally spaced samples over L1 measurement period

	L3 filtering
	disabled
	

	Transmit antenna
	1
	

	Receive antennas
	1, 2
	Additional RSRP/RSRQ link simulation results for 2 Rx  over L1 measurement period = 200 ms with measurement sampling rate = 1 sample / 40 ms

	DRX/DTX
	OFF
	DRX/DTX to be considered at later stage

	Propagation conditions
	AWGN, ETU and EPA
	

	Doppler Frequency: ETU and EPA
	70 Hz and 5 Hz
	

	CP length
	Normal
	

	Carrier frequency
	2 GHz
	

	Ec/Iot
	-6 dB … 3 dB
	AWGN noise 


· Performance Metrics

The CDF curves are to be provided for:

· Estimated RSRP

· Estimated RSRQ

· Delta RSRP   = (estimated RSRP – ideal RSRP) 
[dB]  
· Delta RSRQ  = (estimated RSRQ – ideal RSRQ) [dB]  
3 Simulation results

Based on the simulation assumption in section 2, the simulation results can be categorized into two groups.
1) Simulation for evaluating L1 measurement period for LC-MTC
In this group the simulation results of following two options are provided in table 2 and table 3,

-
200ms with 40ms sample interval, 1Rx
- 400ms with 80ms sample interval, 1Rx
Table 2. Simulation results of delta RSRP
	Simulation results of delta RSRP

	Measurement period
	Propagation conditions
	Ec/Iot
	5%
	95%
	95% - 5%

	200ms
	AWGN
	-6
	-1.4205
	1.1197
	2.5402

	
	
	-3
	-0.7466
	0.729
	1.4756

	
	
	0
	-0.6454
	0.4698
	1.1152

	
	
	3
	-0.311
	0.3358
	0.6468

	
	EPA5
	-6
	-2.2355
	1.6241
	3.8595

	
	
	-3
	-1.243
	0.9303
	2.1733

	
	
	0
	-0.7424
	0.6336
	1.3759

	
	
	3
	-0.4593
	0.4066
	0.8659

	
	ETU70
	-6
	-2.824
	0.8038
	3.6278

	
	
	-3
	-2.0023
	0.306
	2.3084

	
	
	0
	-1.6027
	0.0049
	1.6076

	
	
	3
	-1.4083
	-0.1234
	1.2848

	400ms
	AWGN
	-6
	-1.6746
	1.1225
	2.7971

	
	
	-3
	-0.8948
	0.7392
	1.6339

	
	
	0
	-0.5656
	0.4951
	1.0607

	
	
	3
	-0.3573
	0.3346
	0.6919

	
	EPA5
	-6
	-1.8728
	1.475
	3.3478

	
	
	-3
	-1.1378
	0.9273
	2.0651

	
	
	0
	-0.7341
	0.5718
	1.3059

	
	
	3
	-0.4221
	0.3926
	0.8147

	
	ETU70
	-6
	-2.9275
	0.8135
	3.741

	
	
	-3
	-2.0086
	0.2375
	2.2461

	
	
	0
	-1.6158
	-0.0112
	1.6045

	
	
	3
	-1.3966
	-0.144
	1.2527


Table 3. Simulation results of delta RSRQ
	Simulation results of delta RSRQ

	Measurement period
	Propagation conditions
	Ec/Iot
	5%
	95%

	200ms
	AWGN
	-6
	-1.541
	1.1118

	
	
	-3
	-0.7997
	0.6836

	
	
	0
	-0.5944
	0.4321

	
	
	3
	-0.261
	0.3119

	
	EPA5
	-6
	-2.3888
	1.675

	
	
	-3
	-1.3091
	0.9814

	
	
	0
	-0.8402
	0.6941

	
	
	3
	-0.5165
	0.4495

	
	ETU70
	-6
	-3.0437
	0.8354

	
	
	-3
	-2.1181
	0.2733

	
	
	0
	-1.7235
	-0.0281

	
	
	3
	-1.5628
	-0.2305

	400ms
	AWGN
	-6
	-1.6327
	1.1006

	
	
	-3
	-0.8979
	0.7363

	
	
	0
	-0.521
	0.4714

	
	
	3
	-0.3506
	0.3143

	
	EPA5
	-6
	-2.0225
	1.5497

	
	
	-3
	-1.2589
	1.0119

	
	
	0
	-0.8373
	0.6202

	
	
	3
	-0.4876
	0.4493

	
	ETU70
	-6
	-3.0449
	0.7971

	
	
	-3
	-2.1414
	0.2332

	
	
	0
	-1.8036
	-0.0729

	
	
	3
	-1.5653
	-0.2286


The observation can be obtained from the above tables,

Observation 1: The RSRP/RSRQ accuracy performances for 200ms with 40ms sample interval and for 400ms with 80ms sample interval are similar.

Observation 2: Neither 400ms case nor 200ms case can fulfil the current R8 RSRP/RSRQ performance requirement in TS36.133 under some of the fading channels. 
2) Simulation for evaluating L1 measurement period for LC-MTC
In Huawei’s initial simulation paper in RAN4 #70 meeting R4-140217 [7], the observation from comparing 1Rx and 2Rx case is that the RSRP/RSRQ performance degradation from dual Rx antenna to single Rx is about [1] dB. In this group, the simulation results of following two options can also referred to the observation of [7]
-
200ms with 40ms sample interval, 1Rx
-
200ms with 40ms sample interval, 2Rx
The observation can be obtained as,
Observation 3: The absolute RSRP measurement performance of 1Rx has [1]dB bias compared with legacy 2Rx case.
Observation 4: The relative RSRP measurement performance of 1Rx has [1]dB bias compared with legacy 2Rx case.

Observation 5: The RSRQ measurement performance of 1Rx has [1]dB bias compared with legacy 2Rx case.
4 Discussion on RSRP/RSRQ requirement

4.1  Measurement requirement
· Requirement for non-DRX
From the observation 1-2, performance of 200ms case (40ms sample interval) and 400ms case (80ms sample interval) are similar, but the power consumption of 400ms case is less than 200ms case since the measurement is performed less frequently in 400ms case. Extending the measurement period from legacy 200ms case will indeed cause the longer measurement delay, however since the LC-MTC UE is not sensitive to the measurement delay because of low mobility we think 400ms measurement period is better for the LC-MTC requirement from both performance and power saving perspectives.
Proposal 1: It is recommended to change RSRP/RSRQ core requirement to relax the measurement period to 400ms for LC-MTC UE for non-DRX case.
· Requirement for DRX
The current requirement for DRX case is as below,

Table 8.1.2.2.1.2-1: Requirement to identify a newly detectable FDD intrafrequency cell

	DRX cycle length (s)
	Tidentify_intra (s) (DRX cycles)

	≤0.04
	0.8 (Note1)

	0.04<DRX-cycle≤0.08
	Note2 (40)

	0.128
	3.2 (25)

	0.128<DRX-cycle≤2.56
	Note2(20)

	Note1: Number of DRX cycle depends upon the DRX cycle in use

Note2: Time depends upon the DRX cycle in use


Table 8.1.2.2.1.2-2: Requirement to measure FDD intrafrequency cells

	DRX cycle length (s)
	Tmeasure_intra (s) (DRX cycles)

	≤0.04
	0.2 (Note1)

	0.04<DRX-cycle≤2.56
	Note2 (5)

	Note1: Number of DRX cycle depends upon the DRX cycle in use

Note2: Time depends upon the DRX cycle in use


For 40ms DRX cycle case the measurement requirement is 200ms, however from the non-DRX case simulation, the measurement for non-DRX case is 400ms. In order to align the requirement between non-DRX case and the case of DRX_cycle≤40ms, we propose to relax the requirement to 400ms for the case of DRX_cycle≤40ms, i.e. the cell identification requirement is 1s instead of current 0.8s and the measurement requirement is 0.4s instead of current 0.2s.
For the cases of DRX cycle longer than 40ms, the power consumption is not an issue any longer as anyway UE will wake up in the on-duration time to monitoring the PDCCH, so extending the measurement sample interval cannot be helpful for power saving in the DRX case.  We propose to extend the measurement period for case of DRX_cycle≤40ms for LC-MTC UE, whilst the current requirement of DRX_cycle>40ms can remain for LC-MTC UE. Furthermore, it shall also consider the non-decreasing trend for requirement from short DRX cycle to long DRX cycle in the TS36.133 tables.
Measurement requirement for LC-MTC UE in DRX case can be as,
Table xxxx-1: Requirement to identify a newly detectable FDD intrafrequency cell for category 0 UE
	DRX cycle length (s)
	Tidentify_intra (s) (DRX cycles)

	≤0.04
	1 (Note1)

	0.04<DRX-cycle≤0.08
	Note2 (40)

	0.128
	3.2 (25)

	0.128<DRX-cycle≤2.56
	Note2(20)

	Note1: Number of DRX cycle depends upon the DRX cycle in use

Note2: Time depends upon the DRX cycle in use


Table xxxx-2: Requirement to measure FDD intrafrequency cells for category 0 UE
	DRX cycle length (s)
	Tmeasure_intra (s) (DRX cycles)

	≤0.04
	0.4 (Note1)

	0.04<DRX-cycle≤0.08
	Note2 (7)

	0.08<DRX-cycle≤2.56
	Note2 (5)

	Note1: Number of DRX cycle depends upon the DRX cycle in use

Note2: Time depends upon the DRX cycle in use


Proposal 2: The measurement requirement for case of DRX_cycle≤40ms for LC-MTC UE shall be relaxed, but the measurement requirement for case of DRX_cycle>40ms for LC-MTC UE shall reuse the R8 requirement in TS36.133.

4.2 Performance requirement
From the observation 3-5, some relaxations on the RSRP/RSRQ performance requirement are needed for LC-MTC UE, as summarized in the table 4.
Table 4. Relaxation of RSRP/RSRQ performance requirements

	Items
	Relaxation from current requirements

	Absolute RSRP for Ec/Iot ≥ -6dB
	[1]dB

	Absolute RSRP for Ec/Iot ≥ -6dB Min Io =-70dBm/BWchannel and Max Io=-50dBm/BWchannel
	[1]dB

	Relative RSRP for Ec/Iot ≥ -3dB
	[1]dB

	Relative RSRP for Ec/Iot ≥ -6dB
	[1]dB

	Absolute RSRQ for Ec/Iot ≥ -3dB
	[1]dB

	Absolute RSRQ for Ec/Iot ≥ -6dB
	[1]dB


Proposal 3: The current RSRP/RSRQ requirement shall be relaxed [1]dB by using 1Rx antenna for LC-MTC UE.
We prefer to add new sections in TS36.133 for LC-MTC requirement as what we have done for EICIC case. The CRs on RSRP/RSRQ requirement for LC-MTC UE are provided in this meeting also.

5 Discussion on cell identification requirement for HD-FDD

In the WF [1], the investigation on HD-FDD was encouraged,

· Cell Identification: 
· Two options are to be investigated until next meeting. One of the two options is to be agreed:
· Option 1: DL subframes # 0 and # 5 of the cell to be identified are available at the UE in every radio frame.  
· Option 2: One of DL subframes # 0 or # 5 of the cell to be identified is available at the UE in every radio frame. 
· Issues for investigation: 
· Investigate the two options while taking into account the impact of both:
· UE implementation complexity e.g. cell identification procedure 
· Network implementation complexity e.g. impact on scheduling 
In order to choose one from two options above, we shall consider some discussion in demod part as well. In a demod WF [5] approved in last meeting, it was mentioned that,
· Schedule the same subframes for downlink transmission during the test for MTC HD-FDD and FDD demodulation performance requirements
· The purpose is to apply the same demodulation performance requirements for both FDD and Half duplex FDD MTC UE and reduce the test case number;
· Investigate scheduling pattern with 8ms periodicity to protect the uplink HARQ time line
Although the demod WF is for testing facilitation, the scheduling pattern with 8ms periodicity can be considered as a baseline for discussion in RRM. From the example given in this WF, we can see that, to guarantee the HARQ feedback for serving cell it cannot make UE always receive both subframe #0 and #5 within a radio frame in synchronized network. For asynchronized network, the situation is similar, it can neither make UE always receive both subframe #0 and #5. Figure 1 is one of the examples, but it shows some possibilities that subframe #0 and #5 may not be received by a LC-MTC UE. So, regarding the worst case, option 2 is a reasonable side condition for cell identification for HD-FDD.
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Figure 1. example in WF [5]

From the performance perspective of cell identification, our paper R4-141772 [6] show that even using 40ms sample rate the current cell identification requirement can be met for 1Rx case. So, if only one of DL subframes # 0 or # 5 of the cell to be identified is available at the UE in every radio frame, the cell identification performance will not be impaired.
Hence, the proposal on cell identification for HD-FDD is,

Proposal 4: The side condition for cell identification for HD-FDD shall be option 2, i.e., one of DL subframes # 0 or # 5 of the cell to be identified is available at the UE in every radio frame.

Proposal 5: The R8 cell identification requirement (only PCI acquisition part) in TS36.133 can apply for HD-FDD case.
6 Conclusion
Based on the agreement in the WF, we show the simulation results in this paper to compare the different options, and the analysis on how to define the requirement for RSRP/RSRQ is also provided. For HD-FDD the cell identification requirement is also analyzed in this contribution. The proposals are,
Proposal 1: It is recommended to change RSRP/RSRQ core requirement to relax the measurement period to 400ms for LC-MTC UE for non-DRX case.

Proposal 2: The measurement requirement for case of DRX_cycle≤40ms for LC-MTC UE shall be relaxed, but the measurement requirement for case of DRX_cycle>40ms for LC-MTC UE shall reuse the R8 requirement in TS36.133.

Proposal 3: The current RSRP/RSRQ requirement shall be relaxed [1]dB by using 1Rx antenna for LC-MTC UE.
Proposal 4: The side condition for cell identification for HD-FDD shall be option 2, i.e., one of DL subframes # 0 or # 5 of the cell to be identified is available at the UE in every radio frame.

Proposal 5: The R8 cell identification requirement (only cell identification part) in TS36.133 can apply for HD-FDD case.
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