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1 Introduction
Rel-13 WI on further MTC enhancements [1] has been discussed in several RAN4 meetings, and the impacts due to introduction of LC/EC have been addressed for several RRM requirements, including RSRP/RSRQ measurement and cell identification.
The performance of RSRP/RSRQ measurement has been evaluated, and the observations were summarized in [2] at RAN4#76 meeting. In RAN4#76bis meeting, a WF [3] was agreed for several RRM areas. The impacts due to introduction of LC/EC MTC on cell identification and RLM are discussed in our companion papers [4-5], and this paper will focus on measurement. The relevant agreements in [3] are copied below.

	· RAN4 shall focus on defining intra-frequency RRM requirements for Rel-13 MTC UEs under:

· Normal coverage

· Enhanced coverage

· RAN4 is open to define inter-frequency RRM requirements.

· For normal coverage: 
· Rel-12 category 0 RSRP/RSRQ measurement accuracy requirements are reused.
· RSRP/RSRQ L1 measurement period may be longer than that defined for category 0 due retuning. 
· New SI reading requirements are FFS.
· IDLE mode requirements for Rel-13 normal coverage UEs are defined based on corresponding CONNECTED mode requirements in longer DRX i.e. same measurement period in idle mode and connected for same DRX cycle length.
· For enhanced coverage:

· Rel-12 category 0 absolute RSRP accuracy requirements is reused down to -12 dB SNR for AWGN. 

· For SNR levels <-12 dB down to FFS, absolute RSRP accuracy is relaxed by 1.0 dB for baseband (i.e. +/- 8dB requirement) for AWGN.

· Rel-12 category 0 relative RSRP accuracy requirements is reused down to -12 dB SNR. 

· For SNR levels <-12 dB down to FFS, relative RSRP accuracy is relaxed by 1.0 dB (i.e. +/-5dB requirement) for AWGN.

· L1 measurement performed is extended from legacy 400 ms for Rel-12 category 0 requirements.

· New SI reading requirements are FFS.
· IDLE mode requirements for Rel-13 enhanced coverage UEs are defined based on corresponding CONNECTED mode requirements i.e. same measurement period in idle mode and connected mode for the DRX cycle length under same SNR range.


In this paper, we will provide our views on the remaining issues eMTC connected mode measurement requirements.
2 Discussion

Measurement period

One of considerations in defining performance requirements for enhanced coverage is the power saving in terms of reduced measurement activity. Similarly, in Rel-12 Cat-0 requirements are defined as 400ms assuming 80ms sampling interval. We think the same assumption should be re-used in Rel-13.

For normal coverage, as the Rel-12 Cat-0 accuracy requirements are re-used, we do not see any reason why larger number of samples are needed to achieve the same accuracy. The exact measurement period depends on the measurement gap pattern design, which is addressed in our companion paper [4], but the principle of same sample should be kept. 
Proposal 1: For normal coverage, the measurement period should be defined in such a way that same number of samples is used as in Rel-12 Cat-0 requirements.
For enhanced coverage, our results in [6] show that doubling the number of measurement samples from 5 to 10 can give around 3dB better accuracy in low SNR range. As the UE in enhanced coverage is most likely to be in low mobility, while on the other hand the measurement accuracy is important for PRACH coverage enhancement level selection or cell (re)selection, we think measurement period can be relaxed as a tradeoff for better accuracy performance. 

In Table 1-3 in Annex summarize the performance of RSRP measurement for {800, 1600, 3200}ms. The simulation is for 1Rx, low mobility channels and SNR range is {-12, -15, -18}dB.
From the simulation results, it can be seen that EPA1 is the most challenging propagation condition for all measurement periods and SNR values. For -12dB SNR, Cat-0 requirements for both absolute and relative RSRP can be met with 800ms. For -15dB, 1dB relaxed Cat-0 requirements can be met with 1600ms measurement period. For -18dB, it is a bit challenging to meet the 1dB relaxed Cat-0 requirements even with 3200ms measurement period. Considering the simplification of specification, we propose to define measurement period for enhanced coverage as 1600ms, which corresponds to 20 samples with 80ms sampling interval.
Proposal 2: For enhanced coverage, the measurement period should be defined as 20 samples.
SINR side condition

Another issue that was left open from last meeting is the lowest SINR side condition for the RSRP/RSRQ measurement requirements. The objective of the WI is to support CE level up to 15dB, and this corresponds to the SNR condition of -14.3 dB for the serving cell. However, in RAN2#91bis meeting, it was agreed to support mobility for normal coverage and shallow enhanced coverage, but for deep enhanced coverage there was no decision, which means the HO based mobility (including measurement and reporting) may not be supported. Given this, we would like to re-visit the necessity of performance requirements for SNR <-12dB, depending on RAN2 decision.

Proposal 3: RAN4 should re-visit the necessity of performance requirements for SNR <-12dB, after RAN2 decides on the mobility support for deep EC. 
Next we discuss the potential SINR condition, in case performance requirements for SNR <-12dB is to be defined. Usually the side condition for measurement requirements should be lower than cell edge SNR of the serving cell as UE has to search for neighbour cells worse than serving cell. However, for eMTC low mobility is assumed and we do not see a need for UE to search for such neighbour cells, so the SINR condition of -15dB is seen as proper.

Also from the simulation results in Table 1-4 in Annex, the ±8dB absolute accuracy and ±5dB relative accuracy as agreed in [3] can be achieved with -15dB SNR, while -18dB SNR is much more challenging to fulfil the requirements.   
Proposal 4: In case performance requirements for SNR <-12dB is to be defined, SINR side condition for eMTC measurement is -15dB for the relaxed accuracy requirements.
CGI reading

CGI reading is a mechanism to allow UE to read MIB and SIB1 of a target cell, in order to obtain the CGI of the target cell. The CGI will be reported to the network, and the network can then differentiate different cells with same PCI. The main use case is HeNB scenario, where the deployment and PCI planning is not coordinated. 
It should be noted that eMTC under mixed macro and HeNB coverage is a scenario not discussed in RAN2. In our view, HeNB is not likely to provide support for coverage enhancement, so UE is not expected to read the CGI from a cell, if the SINR of that cell is low as seen by the UE. In other words, there is no need to define new CGI reading requirements with lower SINR side condition. 
Proposal 5: New CGI reading requirements with lower SINR side condition is not necessary. 

2Rx v.s. 1Rx

The applicability rule of the measurement requirements in terms of number of receive antennas has been discussed in last meeting. Some companies prefer to define separate requirements for 2Rx and 1Rx MTC, as the performance as shown in the simulation is different. However, in our understanding it is very difficult for network to take any advantage of the more accurate measurement from 2Rx UE, so there seems no need to define separate accuracy requirements for 2Rx and 1Rx. Since 1Rx performance is expected to be worse than 2Rx, the requirements should be based on simulation results for 1Rx.
Proposal 6: Define one set of accuracy requirements for 2Rx and 1Rx based on 1Rx simulation results. 

Idle mode

For cell reselection, the approach is already captured in the WF [3], i.e. the same number of measurement samples would be used as for connected mode, if the SNR condition is same. In our understanding, this statement mainly concerns with Tevaluate, E-UTRAN_intra, which is the evaluation time during which UE shall be capable of evaluating if a intra-frequency cell has met reselection criterion or not. The detection time Tdetect,EUTRAN_Intra should be depending on the number of samples needed for cell identification under connected mode, and the measurement time Tmeasure,EUTRAN_Intra should be kept unchanged. 
For cell selection, currently there is no UE requirement. However, as cell selection will become the only mobility procedure if RAN2 decides to not support HO in deep EC, we think RAN4 should consider defining performance requirements for cell selection. This is similar to what was agreed for NB-IoT in [7].

Proposal 7: RAN4 should consider to define cell selection requirements if RAN2 decides to not support HO based mobility in deep EC. 

3 Conclusions 

In this paper, we provided our views on the remaining issues of measurement requirements for eMTC. In particular, we have the following proposals.
Proposal 1: For normal coverage, the measurement period should be defined in such a way that same number of samples is used as in Rel-12 Cat-0 requirements.
Proposal 2: For enhanced coverage, the measurement period should be defined as 20 samples.
Proposal 3: RAN4 should re-visit the necessity of performance requirements for SNR <-12dB, after RAN2 decides on the mobility support for deep EC.

Proposal 4: In case performance requirements for SNR <-12dB is to be defined, SINR side condition for eMTC measurement is -15dB for the relaxed accuracy requirements.
Proposal 5: New CGI reading requirements with lower SINR side condition is not necessary. 

Proposal 6: Define one set of accuracy requirements for 2Rx and 1Rx based on 1Rx simulation results.
Proposal 7: RAN4 should consider to define cell selection requirements if RAN2 decides to not support HO based mobility in deep EC.        
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Table 1: Simulation results of Delta RSRP with 800ms measurement period

	Channel model
	SNR (dB)
	5%-tile
	50%-tile
	95%-tile
	Absolute accuracy
	Relative accuracy

	AWGN
	-12
	0.062406
	1.1766
	2.2805
	2.2805
	2.218094

	
	-15
	0.62891
	2.1377
	3.3732
	3.3732
	2.74429

	
	-18
	2.0324
	3.5457
	4.8845
	4.8845
	2.8521

	EPA1
	-12
	0.15022
	1.3534
	3.7565
	3.7565
	3.60628

	
	-15
	0.58435
	2.4346
	5.9784
	5.9784
	5.39405

	
	-18
	1.7966
	4.1266
	7.8877
	7.8877
	6.0911

	ETU1
	-12
	N/A
	N/A
	N/A
	N/A
	N/A

	
	-15
	0.14622
	1.8688
	3.9902
	3.9902
	3.84398

	
	-18
	1.1709
	3.3174
	5.7102
	5.7102
	4.5393


Table 2: Simulation results of Delta RSRP with 1600ms measurement period

	Channel model
	SNR (dB)
	5%-tile
	50%-tile
	95%-tile
	Absolute accuracy
	Relative accuracy

	AWGN
	-12
	0.50484
	1.2402
	1.9849
	1.9849
	1.48006

	
	-15
	1.2622
	2.1139
	2.9462
	2.9462
	1.684

	
	-18
	2.4455
	3.5951
	4.7017
	4.7017
	2.2562

	EPA1
	-12
	0.50131
	1.4601
	3.1665
	3.1665
	2.66519

	
	-15
	0.84179
	2.332
	4.9966
	4.9966
	4.15481

	
	-18
	2.0661
	3.7938
	6.2984
	6.2984
	4.2323

	ETU1
	-12
	-0.38874
	0.53731
	1.5695
	1.5695
	1.95824

	
	-15
	0.58637
	1.6529
	3.0402
	3.0402
	2.45383

	
	-18
	1.5146
	3.1974
	5.2964
	5.2964
	3.7818


Table 3: Simulation results of Delta RSRP with 3200ms measurement period

	Channel model
	SNR (dB)
	5%-tile
	50%-tile
	95%-tile
	Absolute accuracy
	Relative accuracy

	AWGN
	-12
	0.67648
	1.2475
	1.8078
	1.8078
	1.13132

	
	-15
	1.5893
	2.159
	2.8335
	2.8335
	1.2442

	
	-18
	2.9426
	3.7037
	4.3508
	4.3508
	1.4082

	EPA1
	-12
	0.50891
	1.1337
	2.2843
	2.2843
	1.77539

	
	-15
	1.1497
	2.35
	4.0559
	4.0559
	2.9062

	
	-18
	2.3938
	3.7748
	5.6891
	5.6891
	3.2953

	ETU1
	-12
	-0.15271
	0.52363
	1.2411
	1.2411
	1.39381

	
	-15
	0.58006
	1.467
	2.5145
	2.5145
	1.93444

	
	-18
	2.1105
	3.2359
	4.6494
	4.6494
	2.5389


