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1 Introduction

In RAN4 #57, the TDM patterns were proposed in [1] and [2]. The proposed patterns are listed as following.

· Set of patterns for evaluation: 

FDD patterns:




(1/8, 1, ABS)

[10000000, …  ] 



(2/8, 2, ABS)

[11000000, …  ]




(3/20, 1, MBSF)

[1000010000 1000000000….. ]

TDD patterns:




(1/10,1) 


[ 0000000001, … ]




(2/10,2)


[ 0000011000  0000011000 …..]




(2/10,1,MBSF)

[ 0000100001  0000100001…. ]

· Other candidate patterns for consideration if the group is Ok with the work load:

FDD patterns:




(3/8,1,ABS)

[ 11100000, … ]
· The patterns above shall apply from subframe 0

In this contribution, the impacts of the patterns on RRM requirements in active mode are discussed by link level simulation. In the following, in order for convenience for simulation, (1/8, 1, ABS), (2/8, 2, ABS), (3/20, 1, MBSF), and (3/8, 1, ABS) are represented by F1, F2, F3 and F4. For TDD, (1/10, 1), (2/10, 2) and (2/10, 1, MBSF) are represented by T1, T2 and T3 respectively. 
2 The impacts on RRM requirements in active mode
The following RRM requirements in active mode are included [3].
· RSRP and RSRQ measurements

· Positioning-related measurements

· Cell identification
· Radio link monitoring

In the following, the impacts on each item are discussed one by one by the link level simulation. Non-colliding CRS and colliding CRS are considered respectively.  
2.1   Patterns impact on RSRP and RSRQ measurement accuracy
In [4], it was agreed that the intra-frequency RRM measurement requirements work is prioritized. Therefore, in this contribution, in Macro-pico scenario, only intra-frequency RSRP/RSRQ measurements accuracy requirements are taken into account. 
2.1.1 Simulation Assumptions

The simulation assumptions are shown in Table 2.1-A and Table 2.1-B, respectively. Most of simulation parameters and assumptions are based on [5], and slight change is made taking RSRP/RSRQ measurement accuracy into account. For example, the number of transmit antennas is set to be 1 in our simulation in order to align with the previous contributions on RSRP measurement accuracy [6, 7, 8]. Moreover, the receive antennas are set to be 2, each of which is with equal gain and has no correlation between them. And the maximum RSRP from both branches is used. 
In Macro-pico scenario, the edge pico UE will be impacted by the strong interference from Macro eNB. Therefore, 
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of pico cell is set to be -6dB and that of Macro cell is set to be -5, 5 and 15dB respectively[5], which simulates the extreme scenarios. Moreover, the number of measured subframes within the measurement period is set to be 5, and the ABS patterns F1/F2/F3/F4 and T1/T2/T3 are simulated. Based on the resource-specific measurement from RAN1, the edge pico UE will not perform the RSRP/RSRQ measurement on normal subframes. Aside, in our simulation, interference cancellation is not considered.  The corresponding simulation assumptions and parameters are provided in Annex 1 in detail. 
2.1.2 RSRP/RSRQ Accuracy Analysis
In the following, under the case of intra-frequency, the absolute accuracy and the relative accuracy of RSRP and RSRQ absolute accuracy are simulated respectively. The simulation methods are the same as those in [6~8]. Simulation results in terms of CDF of the difference between the estimated RSRP and the ideal RSRP, i.e., delta RSRP, are given in Annex 1. Under the case of without CRS collision, the measurement done in ABS is corresponding to these figures which are marked as 100% in the figures 2.1-1 ~ 2.1-6 in Annex1.  Under the case of with CRS collision, the simulation results figures are provided in the figures 2.1-7~ 2.1-9 in Annex1. 
According to [6], the absolute RSRP accuracy would be dependent upon the difference between the mean and ideal RSRP values, i.e., the difference between nearly the 50th percentile of delta RSRP and 0. Furthermore, we consider that the implementation margin of absolute RSRP accuracy is 2dB and that of relative RSRP accuracy is 1dB. The simulation results without any implementation margin at Es/Noc = -6 dB of serving cell under AWGN are summarized in Tables 2.1-1 ~2.1-5. 
2.1.2.1 RSRP and RSRQ absolute accuracy analysis
For RSRP and RSRQ measurement, the resource-specific measurement scheme is considered. In the simulation measurement sample is taken each 40ms and 5 samples are taken during 200ms.  In 200 ms, five measurement samples are averaged and provide one measurement value.  With collision and no collision are considered respectively. 

2.1.2.1.1 Resource-specific measurement without CRS collision
One measurement sample is taken in each 40ms. 5 measurement samples are taken during 200ms. No collision is considered. In this case, there is no difference for the impacts of F1, F2, F3, F4, T1, T2 and T3 on RSRP/RSRQ absolute accuracy.  The simulation data are listed in Table 2.1-1. 
Table 2.1-1 Absolute RSRP/RSRQ accuracy without CRS collision
	
	                      

	
	F1
	F2
	F3
	F4
	T1
	T2
	T3

	Interference cell Es/Noc (dB)
	-(
	±1.7
	±1.7
	±1.7
	±1.7
	±1.7
	±1.7
	±1.7

	
	-5
	±1.7
	±1.7
	±1.7
	±1.7
	±1.7
	±1.7
	±1.7

	
	5
	±1.7
	±1.7
	±1.7
	±1.7
	±1.7
	±1.7
	±1.7

	
	15
	±1.7
	±1.7
	±1.7
	±1.7
	±1.7
	±1.7
	±1.7


Table 2.1-2 Relative RSRP accuracy without CRS collision
	
	                      

	
	F1
	F2
	F3
	F4
	T1
	T2
	T3

	Interference cell Es/Noc (dB)
	-(
	±0.75
	±0.75
	±0.75
	±0.75
	±0.75
	±0.75
	±0.75

	
	-5
	±0.75
	±0.75
	±0.75
	±0.75
	±0.75
	±0.75
	±0.75

	
	5
	±0.75
	±0.75
	±0.75
	±0.75
	±0.75
	±0.75
	±0.75

	
	15
	±0.75
	±0.75
	±0.75
	±0.75
	±0.75
	±0.75
	±0.75


Observation 2.1-1: Under the case of resource-specific measurement method and without CRS colliding, both RSRP and RSRQ absolute accuracy and RSRP relative accuracy are satisfied for all patterns even in the case of high interference. 
2.1.2.1.2 Resource-specific measurement with CRS collision
In this case, CRS collision is assumed and the measurement sample taking method is the same as the case  without CRS collision. The corresponding data are listed in the following. 

Table2.1-3 Absolute RSRP accuracy with CRS collision
	
	                      

	
	F1
	F2
	F3
	F4
	T1
	T2
	T3

	Interference cell Es/Noc (dB)
	-(
	±1.7
	±1.7
	±1.7
	±1.7
	±1.7
	±1.7
	±1.7

	
	-5
	±2.3
	±2.3
	±1.8
	±2.3
	±2.3
	±2.3
	±1.8

	
	5
	±4.7
	±4.7
	±2.4
	±4.7
	±4.7
	±4.7
	±2.4

	
	15
	±11.5
	±11.5
	±5.7
	±11.5
	±11.5
	±11.5
	±5.7


Table 2.1-4 Relative RSRP accuracy with CRS collision
	
	                      

	
	F1
	F2
	F3
	F4
	T1
	T2
	T3

	Interference cell Es/Noc (dB)
	-(
	±0.75
	±0.75
	±0.75
	±0.75
	±0.75
	±0.75
	±0.75

	
	-5
	±0.70
	±0.70
	±0.70
	±0.70
	±0.70
	±0.70
	±0.70

	
	5
	±0.50
	±0.50
	±0.60
	±0.50
	±0.50
	±0.50
	±0.60

	
	15
	±0.30
	±0.30
	±0.50
	±0.30
	±0.30
	±0.30
	±0.50


Table 2.1-5 Absolute RSRQ accuracy with CRS collision
	
	                      

	
	F1
	F2
	F3
	F4
	T1
	T2
	T3

	Interference cell Es/Noc (dB)
	-(
	±1.7
	±1.7
	±1.7
	±1.7
	±1.7
	±1.7
	±1.7

	
	-5
	±2.5
	±2.5
	±1.9
	±2.5
	±2.5
	±2.5
	±1.9

	
	5
	±5.5
	±5.5
	±2.6
	±5.5
	±5.5
	±5.5
	±2.6

	
	15
	±13.6
	±13.6
	±7.0
	±13.6
	±13.6
	±13.6
	±7.0


Observation 2.1-2: Under the case of resource-specific measurement method and with CRS colliding, the relative accuracy of RSRP is satisfied. But, when the interference is bigger than 5dB, only in the cases of F3 and T3, the absolute accuracy of RSRP and RSRQ is satisfied.  Then, patterns of F3 and T3 are better than the others under the case of high interference. 
2.2   Patterns impact on intra-frequency RSTD measurements

In ABS subframe, PRS is concluded as like other common signals [9]. The current intra frequency RSTD accuracy requirements are defined as a function of the required number of sub-frames with PRS per occasion and the PRS BW. If the consecutive DL sub-frames (up to 6 are allowed) containing PRS in a positioning occasion are not available for performing the intra frequency RSTD measurements, the positioning accuracy will be influenced. However, from the definition of ABS, PRS can be included in an ABS for intra frequency OTDOA positioning, i.e. the PRS transmission can be guaranteed to be available in the consecutive DL subframes to maintain the positioning performance. In addition, the PRS will not overlap with CRS in ABS, and there is no PDSCH allocated in the resource blocks transmitting PRS.  Configuring ABS in any subframe will not cut down on the amount of consecutive PRS subframes in the synchronous network. On the other hand, in an asynchronous network PRS in some subframe may be impacted by PDSCH in the other  subframe, the impact of ABS pattern on RSTD measurement performance in the asynchronous network is FFS.
Observation 2.2-1: ABS Patterns do not impact on intra frequency RSTD measurements performance in the synchronous network. 
2.3 Patterns impact on cell identification
The cell search is performed on the PSS/SSS, which are transmitted in sub-frames 0 and 5. But for different ABS patterns, the occasions to measure the PSS/SSS are different. Therefore, the impacts of different patterns on cell identification are different. The following table 2.3-1 and table 2.3-2 give the search time in different cases. The simulation parameters and assumptions are attached in Annex 2. In this simulation, the interference cell SNR is assumed as, -5dB, 5dB and 15dB respectively. The service cell SNR is assumed as -6dB, -7dB and -8dB respectively.  The asynchronous time offset between two cells is assumed 0.5 ms and 1.0 ms.  The identification time is the time that 90% UE can identify the cell. Under the case of synchronization, the search time is presented in the table 2.3-3.  The search time under the case of no ABS and synchronization are listed in the Table 2.3-4.  
Table 2.3-1 Search time for asynchronous time offset=0.5ms 
	Patterns
	F1(1/8)
	F2(2/8)
	F3(3/20)
	F4(3/8)

	Service SNR/Interference SNR
	-6dB
	-7dB
	-8dB
	-6dB
	-7dB
	-8dB
	-6dB
	-7dB
	-8dB
	-6dB
	-7dB
	-8dB

	-5dB
	130
	235
	755
	115
	310
	795
	130
	230
	555
	100
	260
	635

	5dB
	685
	2125
	5885
	470
	1205
	2645
	155
	385
	910
	230
	590
	1350

	15dB
	1685
	4765
	—
	870
	1270
	4405
	235
	870
	2330
	510
	1015
	2775


Table 2.3-2   Search time for asynchronous time offset =1.0ms 

	Patterns
	F1(1/8)
	F2(2/8)
	F3(3/20)
	F4(3/8)

	Service SNR/Interference SNR
	-6dB
	-7dB
	-8dB
	-6dB
	-7dB
	-8dB
	-6dB
	-7dB
	-8dB
	-6dB
	-7dB
	-8dB

	-5dB
	110
	325
	820
	115
	285
	775
	120
	405
	790
	120
	210
	565

	5dB
	620
	1300
	4780
	345
	1085
	2000
	4145
	—
	—
	260
	510
	1565

	15dB
	1540
	4380
	—
	725
	1260
	3700
	—
	—
	—
	390
	845
	3060


Table2.3-3   Search time under the case of (F43/8) and synchronization 
	Cell ID
	Case1
	Case2
	Case3
	Case4

	Service SNR/Interference SNR
	-6dB
	-7dB
	-8dB
	-6dB
	-7dB
	-8dB
	-6dB
	-7dB
	-8dB
	-6dB
	-7dB
	-8dB

	-5dB
	130
	250
	705
	160
	410
	1190
	115
	265
	525
	95
	265
	600

	5dB
	3405
	—
	—
	—
	—
	—
	—
	—
	—
	720
	2510
	—

	15dB
	—
	—
	—
	—
	—
	—
	—
	—
	—
	—
	—
	—


Table2.3-4   Search time under the case of no ABS and synchronization
	Cell ID
	Case1
	Case2
	Case3
	Case4

	Service SNR/Interference SNR
	-6dB
	-7dB
	-8dB
	-6dB
	-7dB
	-8dB
	-6dB
	-7dB
	-8dB
	-6dB
	-7dB
	-8dB

	-5dB
	135
	280
	805
	160
	455
	1330
	105
	230
	655
	105
	240
	610

	5dB
	3260
	—
	—
	—
	—
	—
	—
	—
	—
	1190
	3225
	—

	15dB
	—
	—
	—
	—
	—
	—
	—
	—
	—
	—
	—
	—


Observation 2.3-1: The larger the interference cell SNR and the smaller the service cell SNR, the longer the cell identification time is. Under the case of asynchronous time offset is 0.5ms and 1ms, the queue of patterns from the best to worst is F3 (3/20), F4 (3/8), F2 (2/8), F1 (1/8) and F4 (3/8), F2 (2/8), F1 (1/8), F3 (3/20) respectively. When the interference is low (SNR=-5dB), the impact of patterns is not obvious. For synchronization case, the search time becomes longer. When the interference cell SNR is higher than some threshold (for example, 5dB) and service cell SNR is lower than -7dB, the search time becomes too long, especially in no ABS case. 
Note: “-” indicating no cell is searched in the simulation time.
2.4 Radio link monitoring  
  According to TS 36.213 the UE in non DRX is required to assess the radio link quality, which in turn is determined based on CSR, every frame.  

 “In non-DRX mode operation, the physical layer in the UE shall every radio frame assess the radio link quality, evaluated over the previous time period defined in [10], against thresholds (Qout and Qin) defined by relevant tests in [11].

In DRX mode operation, the physical layer in the UE shall at least once every DRX period assess the radio link quality, evaluated over the previous time period defined in [10], against thresholds (Qout and Qin) defined by relevant tests in [10].”

However, due to the restricted number of allowed sub-frames for performing the measurements in the period of the pattern, the radio link monitoring requirements have to be further studied for different ABS patterns. In our another contribution R4-110176, the impacts of different patterns are researched in detail. Here, only the research conclusions are presented.

Observation 2.4-1: The impacts of different ABS patterns F1/F2/F3/F4 and T1/T2/T3 on RLM performance are very small when the resource-specific scheme is adopted based on non-colliding CRS case.
Observation2.4-2: The preferable ABS pattern are F3 and T3, which can achieve better RLM performances when the resource-specific scheme is adopted based on colliding CRS case.
3. Conclusion

 Based on the above simulation, the following conclusions and one proposal are obtained.
1) If RSRP/RSRQ is measured only in the ABS, their relative accuracy is satisfied in the cases of without CRS colliding or colliding. But when the interference is larger than 5dB and with CRS colliding, the absolute accuracy of RSRP and RSRQ is satisfied only in the cases of F3 and T3. 

2) Patterns do not impact on intra frequency RSTD measurements performance in the synchronous network. 
3) The larger the interference cell SNR and the smaller the service cell SNR, the longer the cell identification time is. Under the case of synchronization time difference is 0.5ms and 1ms, the queue of patterns from the best to worst is F3 (3/20), F4 (3/8), F2 (2/8), F1 (1/8) and F4 (3/8), F2 (2/8), F1 (1/8) , F3(3/20) respectively. When the interference is not serious (SNR=-5dB), the impact of patterns is not obvious. For synchronization case, the search time becomes longer. When the interference cell SNR is higher than some threshold (for example, 5dB) and service cell SNR is lower than -6dB, the search time becomes too long especially in no ABS case. 

4) The impacts of different ABS patterns F1/F2/F3/F4 and T1/T2/T3 on RLM performance are very small when the resource-specific scheme is adopted based on non-colliding CRS case. The preferable ABS patterns are F3 and T3, which can achieve better RLM performances when the resource-specific scheme is adopted based on colliding CRS case.
Proposal 1: Under the case of eICIC, different side conditions need to be added  for different RRM requirements in active mode. How to set these values need to be researched further. 
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Annex 1: Simulation parameters for RSRP/RSRQ measurement accuracy

Table 2.1-A Common simulation assumptions

	Description
	Unit
	Value

	Number of transmit antennas
	
	1

	Number of receive antennas
	
	2

	Serving cell (pico cell) 
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	dB
	-6

	Propagation model
	
	AWGN

	Measurement bandwidth
	MHz
	1.4

	Measurement period
	ms
	200

	Number of measured subframes within the measurement period
	
	5


Table 2.1- B  Simulation assumptions for time varying interference pattern
	Description
	Unit
	Value

	Interfering cell 
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	dB
	-5, 5, 15

	Almost blank subframe pattern of the interfering cell (Macro cell)
	
	1/8,2/8,3/8,3/20

	Interfering cell CRS colliding with serving cell CRS
	
	NO

	Timing difference between serving and interfering cell
	us
	3

	Fraction of subframes that are ABSF in measured subframes
	
	0%,1/8,2/8,3/8,3/20, 100%
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Fig. 2.1-1 RSRP results in Macro-pico scenario/ Es/Noc=-5dB/no CRS collision 
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Fig. 2.1-2 RSRP results in Macro-pico scenario /Es/Noc=5dB/ no CRS collision
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Fig. 2.1-3 RSRP results in Macro-pico scenario/ Es/Noc=15dB/ no CRS collision
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Fig. 2.1-4 RSRQ results in Macro-pico scenario/Es/Noc=-5dB/ no CRS collision
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Fig. 2.1-5 RSRQ results in Macro-pico scenario/ Es/Noc=5dB/ no CRS collision
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Fig. 2.1-6 RSRQ results in Macro-pico scenario /Es/Noc=15dB/ no CRS collision
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Fig. 2.1-7 F1/F2/F4/T1/T2/ RSRP in Macro-pico scenario with CRS collision
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Fig. 2.1-8 F3/ T3 RSRP in Macro-pico scenario with CRS collision
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Fig. 2.1-9 F3/ T3 RSRQ in Macro-pico scenario with CRS collision

Annex 2: Simulation parameters for cell identification 

Table 2.3-ACell Identification Test Parameters

	Parameter
	Unit
	Cell 1
	Cell 2

	E-UTRA RF Channel number
	-
	Channel 1
	Channel 1

	Data and Control PSD relative to RS PSD
	dB
	0
	0

	P-SCH and S-SCH PSD relative to RS PSD
	dB
	0
	0

	Number of RB’s
	
	6
	6

	RB Utilization
	%
	100
	100

	Data Modulation
	-
	QPSK
	QPSK

	Frame Structure Type
	-
	1
	1

	CP Length
	-
	Normal
	Normal

	Frequency Offset relative to UE frequency reference
	Hz
	0
	0

	1) Relative Delay of 1st Path (synchronous)
	μs
	0
	CP/2

	2) Relative Delay of 1st Path (asynchronous): Fixed delay
	μs
	0
	0.5 ms
1.0 ms

	SNR
	dB
	-5

5

15
	Test 1:  -6
Test 2:  -7
Test 3:  -8

	Number of Tx antennas
	-
	1
	1

	P-SCH Sequence ID
	-
	See Table 2.3-B, Table 2.3-C
	See Table 2.3-B, Table 2.3-C

	S-SCH Sequence ID [2]
	-
	See Table 2.3-B, Table 2.3-C
	See Table 2.3-B, Table 2.3-C

	Propagation Condition
	-
	ETU300


Table 2.3-B Cell Id Combinations to be simulated
	case#

	Cell 2 (Desired Cell)

	Cell 1 (Interferer 1) 

	Scenario


	1

	psc3

	ssc3a,ssc3b

	psc1

	ssc1a,ssc1b

	Synchronous


	2

	psc1

	ssc3a,ssc3b

	psc1

	ssc1a,ssc1b

	Synchronous


	3

	psc1

	ssc1a,ssc3b

	psc1

	ssc1a,ssc1b

	Synchronous


	4

	psc3

	ssc1a,ssc1b

	psc1

	ssc1a,ssc1b

	Synchronous


	5

	psc3

	ssc3a,ssc3b

	psc1

	ssc1a,ssc1b

	Asynchronous



	

	Table 2.3-C PSC, SSC indices for simulations
Label

Code index

psc1
29

psc3

34



	Label

Code index

Cell group index[1]
(ssc1a, ssc1b)

(6, 8)

36

(ssc3a, ssc3b)

(7, 9)

37

(ssc1a, ssc3b)

(6, 9)

65
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