3GPP TSG-RAN WG4 Meeting #76
R4-154798
Beijing, China, Aug 24-28, 2015
Title:
Discussion on measurements cell selection and reselection for MTC LC/EC
Source:
Huawei, HiSilicon
Agenda Item:
7.7.5
Document for:
Discussion
1. Introduction
RAN2 has discussed cell selection and cell reselection for Rel-13 Low Complexity (LC) UEs and UEs in Enhanced Coverage (EC). 

RAN2 has agreed on the following assumptions: 

· For cell selection in EC a new cell selection criterion S (S is specified in TS 36.304) is needed.

· Intra-frequency cell reselection and equal priority inter-frequency cell reselection is supported by Rel-13 EC UEs. 

· The UE shall at cell re-selection prioritize re-selection to inter-frequency cells in which the UE is able to operate in normal coverage (NC) over cells in which it has to use EC. 
· Inter-RAT cell reselection from EUTRA to other RATs is supported. 
With extended coverage there are concerns that it may take longer time and consume more battery power to make measurements and that measurement results may be less accurate compared with normal coverage. 

In light of these concerns, RAN2 would like to ask the following questions:

Q1: Is it feasible to do cell selection based on RSRP/RSRQ measurements in EC with cell selection criterion S, which corresponds to the maximum enhanced coverage supported in this cell? If not, what would RAN4 consider to be feasible EC cell selection criteria? 

Q2: Is it feasible to rank cells for intra-frequency and equal priority inter-frequency cell reselection based on RSRP/RSRQ measurements in EC? 

Q3: Is it feasible in EC to compare RSRP/RSRQ measurement of serving and inter-frequency cells with thresholds, for absolute priority cell reselection. 

Q4: Do the responses to the questions above differ depending on the level of coverage extension? If so, RAN2 would appreciate to receive the corresponding details.
This paper try to answer the question given by RAN2 regarding to the measurement cell selection and reselection for MTC coverage enhancement
2. Discussion on how to distinction among non-coverage enhancement and coverage enhancement using RSRP method [3]
· Step1: Determine CRS receiving SNR for non-coverage enhancement and coverage enhancement
As shown in table 1, which is based on TR36.888 table 5.2.1.2, the MCL of PUSCH is 140.7dB for 23dBm Tx power. For 15dB coverage enhancement scenario, the target MCL will be 155.7dB. 

Based on TS36.888 table 5.2.1.2, for PDSCH, if the required SNR is -4 dB, the corresponding MCL is 145.4dB.  There is a 155.7-145.4=10.3 dB gap for PDSCH

Therefore, in order to obtain a link budget as same level as 155.7dB for 15dB EC PDSCH, the corresponding PDSCH SNR at UE side will fall from -4dB to -14.3dB.

Table 1: MCL calculation for PUSCH/PDSCH LTE FDD
	Coverage Enhancement
	0dB
	5dB
	10dB
	15dB
	/

	Physical channel name
	PUSCH
	PUSCH
	PUSCH
	PUSCH
	PDSCH

	Max Tx power  (dBm)
	23
	23
	23
	23
	46

	(1) Actual Tx power (dBm)
	23.0
	23.0
	23.0
	23.0
	32.0

	Receiver
	
	
	
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	5
	5
	5
	9

	(4) Interference margin (dB)
	0
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	360000
	360000
	360000
	360000
	360000

	(6) Effective noise power
         = (2) + (3) + (4) + 10 log((5))  (dBm)
	-113.4
	-113.4
	-113.4
	-113.4
	-109.4 

	(7) Required SNR (dB)
	-4.3
	-4.3
	-4.3
	-4.3
	-4.0 

	(8) Receiver sensitivity
         = (6) + (7) (dBm)
	-117.7 
	-117.7 
	-117.7 
	-117.7 
	-113.4 

	(9) MCL 
         = (1) ( (8) (dB)+EC
	140.7
	145.7
	150.7
	155.7
	145.4

	(10) PDSCH gain = PDSCH MCL-PUSCH MCL
	4.7
	-0.3
	-5.3
	-10.3
	/

	(11) Receive PDSCH SNR at UE side = (10)+ Required PDSCH SNR
	0.7
	-4.3
	-9.3
	-14.3
	/


Table 2: RSRP measurement results for eMTC in the worst cases [2]
	Coverage Enhancement corresponding to 23dBm PUSCH
	0dB
	5dB
	10dB
	15dB

	(1) MCL (dB)
	140.7
	145.7
	150.7
	155.7

	(2) Receive PDSCH SNR at UE side (dB)
	0.7
	-4.3
	-9.3
	-14.3 

	(3)CRS power boosting (dB)
	0

	(4) Receive CRS SNR(dB)=(2)+(3)
	0.7
	-4.3
	-9.3
	-14.3 

	(5) RSRP absolute accuracy without RF error in the worst case [2]
	±1.8
	±2.0
	±2.9
	±4.5

	(6) RF error for eMTC(dB)
	±3

	(7) RSRP absolute accuracy with 3dB RF error (dB) in the worst case=(5)+(6)
	±4.8
	±5.0
	±5.9
	±7.5

	(8) RSRP measurement range with 95% possibility =(4)+(7)
	[-4.1 5.5]
	[-9.3 0.7]
	[-15.2 -3.4]
	[-21.8 -6.8]


As shown in table 2, assuming no CRS boosting, the SNR of CRS for Rel-13 low complexity UEs should be 0.7 dB, -4.3 dB, -9.3dB and -14.3 dB when 0dB ,5dB, 10dB and 15dB EC respectively (corresponding to 23dBm PUSCH) as shown in table 2. 
· Step2: Determine RSRP measurement accuracy under different EC levels
The RSRP accuracy corresponding to these SNR is evaluated with ±3 dB RSRP error of RF component. The simulation assumption is list in table 3. 200 CRS subframes are used to accumulate accurate absolute RSRP value [2]. RSRP absolute accuracy in the worst case is selected from [2]. 

It should be noted that RSRP accuracy values are derived without any CRS power boosting. It can work better if CRS is power boosting by improve CRS SNR at UE side.

Table 3: Simulation parameters for Rel-13 MTC RSRP/RSRQ measurement accuracy studies
	Parameters
	Value
	Comments

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

	System bandwidth
	6 resource blocks
	

	L1 measurement period
	40ms*5=200ms
	

	Measurement sampling rate
	40ms*5=200ms
	10ms/40ms, 20ms/40ms,30ms/40ms,40ms/40ms (CRS subframes used/ Measurement sample window)

	L3 filtering
	Disabled
	

	Transmit antenna
	1
	

	Receive antennas
	1 
	Single Rx branches

	Mobility
	Stationary UEs, mobile UEs
	

	Propagation conditions
	AWGN, ETU and EPA
	

	Doppler Frequency for stationary UEs: ETU and EPA
	1 Hz and 1 Hz, respectively
	

	Channel estimation techniques
	Average multiple subframes 
	Average 200 CRS subframes 

	CP length
	Normal
	

	Carrier frequency
	2 GHz
	

	NOTE 1: Companies are requested to provide the details of the measurement sampling rate for interpretation and comparison of the results

NOTE 2: Companies are requested to provide the details of the RS averaging techniques for interpretation and comparison of the results. 


Observation 1: As shown in table 2, RSRP measurement accuracy under 10dB EC fulfil current intra/inter-frequency RSRP accuracy requirement of 3dB in baseband. 
3. Discussion on measurement cell selection and reselection for MTC LC/EC
Under certain EC levels (≤10dB EC), the RSRP measurement accuracy still fulfil current intra/inter-frequency RSRP accuracy requirement of 3dB in baseband. 

Current S criterion and cell ranking are based on RSRP measurement. Since the RSRP measurement can still meet accuracy requirement. It can be infer that the legacy mechanism of the cell selection and reselection methods defined in the TS36.304 can be reused. However, the RSRP measurement length need to be extended in order to acquire more CRS subframes for maintaining accuracy under low SNR. 

Power consumption for eMTC to enable cell selection/reselection under EC
· In RRC connected mode none DRX

In order to acquire sufficient accuracy RSRP measurement results under 10dB EC, 200 CRS subframes are needed. In RRC connected mode none DRX, the UE is always awake. Therefore, UE is able to receive enough CRS subframes under inter/intra RSRP measurement. 
The power consumption for extended CRS subframes receiving can be neglected, since the only change is additional base band processing.
· In RRC idle mode or RRC connected mode DRX

In order to acquire sufficient accuracy RSRP measurement results under 10dB EC, 200 CRS subframes are needed. However, in DRX mode, the UE awaking time is limited. It is possible that UE cannot receive 200 CRS subframe under current requirement in TS36.133 (5 DRX e.g.) during short DRX cycle. Consider the 160ms DRX cycle, legacy UE only need to wake for short period in order to make RSRP measurement. The eMTC UE under 10dB EC needs to awake for 200ms in order to acquire sufficient RSRP accuracy, which is impossible under short DRX.

In addition, the power consumption for extended RSRP receiving can be enormous under DRX or idle mode if measurement requirement time unchanged. UE need always awake to receive CRS subframes even under DRX mode. The power consumption is proportion to the awaking time of the UE. Since eMTC under 10dB EC need 200 CRS to achieve same level RSRP accuracy in normal coverage, the power consumption will be many times larger if measurement requirement time unchanged.
This problem can be solved by extended RSRP measurement length. If RSRP measurement reporting time can be further relaxed, the power consumption can be reduced.

The measurement period to acquire sufficient RSRP accuracy depends on EC level. For 10dB EC, 200 CRS subframes are needed. For 5dB EC, only 50 CRS subframes are needed to maintain the same level of RSRP accuracy.
For stationary eMTC, increase measurement period may not affect mobility too much. For high speed eMTC, the mobility may be compromised by much longer measurement period. A trade-off between power consumption and mobility can be made.

Furthermore, the UE shall at cell re-selection prioritize re-selection to inter-frequency cells in which the UE is able to operate in normal coverage (NC) over cells in which it has to use EC. Therefore, UE can adjust its RSRP measurement length depending on its EC level.
Proposal 1: It is recommended to relax RSRP measurement requirement time for eMTC. It can be relaxed from 5 DRX to 100 DRX under 10dB EC to maintain same level of power consumption. It can be relaxed from 5 DRX to 25 DRX under 5dB EC to maintain same level of power consumption. A trade-off between power consumption and mobility can be made.
Proposal 2:

· Response to Q1: It is feasible to do cell selection based on RSRP/RSRQ measurements in EC with cell selection criterion S, which corresponds to the maximum enhanced coverage (≤10dB EC) supported in this cell.
· Response to Q2: It is feasible to rank cells for intra-frequency and equal priority inter-frequency cell reselection based on RSRP/RSRQ measurements in EC (≤10dB EC).
· Response to Q3: It is feasible in EC (≤10dB EC) to compare RSRP/RSRQ measurement of serving and inter-frequency cells with thresholds, for absolute priority cell reselection.
· Response to Q4: The responses to the questions above depend on the level of coverage extension. The current cell selection/reselection mechanisms can be supported to maximum 10 dB EC in order to maintain current cell selection/reselection performances. 
4. Conclusion
This paper shows possible solutions for distinction among non-coverage enhancement and coverage enhancement.
Proposal 1: It is recommended to relax RSRP measurement requirement time for eMTC. It can be relaxed from 5 DRX to 100 DRX under 10dB EC to maintain same level of power consumption. It can be relaxed from 5 DRX to 25 DRX under 5dB EC to maintain same level of power consumption. A trade-off between power consumption and mobility can be made.

Proposal 2:

· Response to Q1: It is feasible to do cell selection based on RSRP/RSRQ measurements in EC with cell selection criterion S, which corresponds to the maximum enhanced coverage (≤10dB EC) supported in this cell.
· Response to Q2: It is feasible to rank cells for intra-frequency and equal priority inter-frequency cell reselection based on RSRP/RSRQ measurements in EC (≤10dB EC).
· Response to Q3: It is feasible in EC (≤10dB EC) to compare RSRP/RSRQ measurement of serving and inter-frequency cells with thresholds, for absolute priority cell reselection.
· Response to Q4: The responses to the questions above depend on the level of coverage extension. The current cell selection/reselection mechanisms can be supported to maximum 10 dB EC in order to maintain current cell selection/reselection performances. 
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