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1 Introduction
The existing radio link monitoring (RLM) requirements have been specified assuming 2 Rx in the UE. RAN4 has to develop core requirements for low cost MTC UE with 1 Rx as low cost UE may have single Rx [4]. 

In RAN4#70bis meeting, the assumptions for RLM simulation for Low Cost MTC UE with 1Rx were agreed for simulation [1]. In the companion paper [2], link level simulation results are provided. In this paper, we mainly discuss on how to setup RLM parameters for low cost MTC UE with 1 Rx based on the given results. 
2 Discussion on RLM parameters setup for Low cost MTC

In practical network, low cost MTC UE with 1Rx should work together with legacy UE with 2 Rx. It is desirable for network to keep similar coverage for low cost MTC UE and legacy UE. In case low cost MTC UE and legacy UE have different coverage, network operator has to deploy more eNBs to cover low cost MTC UE. Otherwise, they will take the risk with coverage hole for low cost MTC UE with the same number of eNBs. Both of them are not desirable. From this aspect, we can see RLM parameters setup shall follow the following principle:
Principle 1: Low cost MTC UE with 1 Rx shall have very similar coverage as legacy UE with 2 Rx regarding RLM

For RLM performance, both PDCCH and PCFICH performance are mattered. For PCFICH, since it is a cell-specific channel. All the UE in the same cells should have the same PCFICH parameters setup. It should be applied to both low cost MTC UE with 1 Rx and legacy UE. If different PCFICH parameters setup is used for low cost MTC UE with 1 Rx compared with legacy UE, it will prohibit eNB to schedule low cost MTC UE and legacy UE in the same subframe. It will reduce a lot of eNB scheduling flexibility. In order to avoid such problem, we propose not to change the PCFICH setup for low cost MTC UE with 1 Rx. More specifically, we have:
Proposal 1: The Ratio of PCFICH RE energy to average RS RE energy shall be:

· 4dB; when single antenna port is used for cell-specific reference signal transmission by the PCell.
· 1 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the PCell.
Following Principle 1 and based on Proposal 1, we try to identify the performance difference between 1 Rx and 2 Rx in terms of required SNR to achieve the target 2% BLER for in-sync (IS) and 10% BLER for out-of-sync (OoS) for the same CCE and PDCCH power boosting (PDCCH power to RS power). The performance difference is tabulated in Table 1. In the table, N_CCE denotes the number of CCEs used for PDCCH transmission and PDCCH_RA denotes ratio of PDCCH RE energy to average RS RE energy. N_CCE_MTC and N_CCE_LEGACY are the number of CCE used for MTC and legacy UE, respectively. PDCCH_RA_MTC and PDCCH_RA_LEGACY are the PDCCH_RA used for MTC and legacy UE, respectively.
From the table, In case of IS,  it is observed 3~4 dB performance difference between 1 Rx and 2 Rx performances in terms of required SNR to achieve the target 2% PDCCH BLER for the same CCE and PDCCH power boosting (PDCCH power to RS power), as shown in the column marked as “Perf. Gap (dB) without para. update”. In case of OoS, it is observed more than 2.5 dB performance difference between 1 Rx and 2 Rx performance in terms of required SNR to achieve the target 10% PDCCH BLER for the same CCE and PDCCH power boosting as shown in the same column. Based on the performance difference, in the following section, we discuss the techniques to reduce the gap. 
Table 1: Performance difference between 1 Rx and 2 Rx in terms of required SNR to achieve 2% BLER for IS and 10% BLER for OoS

	
	Ant. Port
	Channel
	Perf. Gap (dB) without para. update
	Power boost

(Note 1)
	Power boost plus N_CCE =8
(Note 2)

	IS
	1
	AWGN
	2.8
	0.2
	-1.3

	
	
	ETU30
	4.25
	1.85
	0.2

	
	
	ETU70
	4
	2.24
	0.2

	
	2
	AWGN
	2.9
	0.2
	-0.6

	
	
	ETU30
	3.75
	1.25
	-0.5

	
	
	ETU70
	4.3
	1.5
	-0.3

	OoS
	1
	AWGN
	2.6
	N/A
	N/A

	
	
	ETU30
	3.5
	N/A
	N/A

	
	
	ETU70
	3.6
	N/A
	N/A

	
	2
	AWGN
	2.5
	0.3
	N/A

	
	
	ETU30
	3
	1
	N/A

	
	
	ETU70
	3.6
	1
	N/A

	Note 1: PDCCH_RA_MTC = PDCCH_RA_LEGACY + 3 dB, N_CCE_MTC = N_CCE_LEGACY, 

Note 2: PDCCH_RA_MTC = PDCCH_RA_LEGACY + 3 dB, N_CCE_MTC = 8


In-sync

In Table 1, two schemes are considered to reduce the gap, one is PDCCH power boost and the other is PDCCH power boost plus increasing the number of CCE. The performance gap between scheme 1 and legacy UE in terms of SNR is shown in the column marked as “Power boost (Note 1)”. The performance gap between scheme 2 and legacy in terms of SNR is shown in the column marked as “Power boost and CCE increase (Note 2)”. In the table, for the first scheme, 3 dB additional power boost is used for low cost MTC compared with legacy UE but keep the same N_CCE for the low cost MTC and legacy UE. For the second scheme, the power boost is the same as scheme 1, but N_CCE is 8 for low cost MTC UE, rather than 4 CCE which is used for legacy UE in IS. The detail power boosting (PDCCH_RA) and number of CCE (N_CCE) is tabulated in Table 2. In the table, (x, y) denotes PDCCH_RA = x and N_CCE = y. 
Table 2: PDCCH_RA and N_CCE for legacy UE and Low cost MTC with 1 Rx

	
	Legacy
	Scheme 1

(Power boost)
	Scheme 2

(Power boost plus N_CCE = 8)

	Single antenna port
	(0, 4)
	(3, 4)
	(3, 8)

	Two antenna ports
	(-3, 4)
	(0, 4)
	(0, 8)


From Table 1, we can see that with 3 dB additional power boost, there is still about 2 dB performance gap with legacy UE for single port case and about 1.2 dB performance gap for two antenna port case. The power can be further boosted, but the maximum power boost is limited by the resource element (RE) power control dynamic range defined in 36.104 [3]. According to 36.104, the RE power control dynamic range is shown in Table 3. The RE power control dynamic range is the difference between the power of an RE and the average RE power for a BS at maximum output power for a specified reference condition. 
Table 3: E-UTRA BS RE power control dynamic range

	Modulation scheme used on the RE
	RE power control dynamic range (dB)

	
	 (down)
	 (up)

	QPSK (PDCCH)
	-6
	+4

	QPSK (PDSCH)
	-6
	+3

	16QAM (PDSCH)
	-3
	+3

	64QAM (PDSCH)
	0
	0

	NOTE 1: 
The output power per carrier shall always be less or equal to the maximum output power of the base station.


Based on Table 3, we can see that 1 dB additional power can be boosted further for single antenna port case (up to PDCCH_RA= 4 dB). However, 1 dB additional power boost still cannot fill the gap since 1 dB additional power boost cannot bring 1 dB performance improvement for fading channel, while about 2 dB gap is there. For scheme 1, in order to enable the low cost MTC to have very similar coverage as legacy UE, the power boost may exceed 4 dB, which may lead to Error Vector Magnitude (EVM) increase.  One possible solution to the EVM problem is to avoid scheduling MTC UE when BS transmits at maximum output power.  In case PDCCH resource is not fully used, the power boost exceeding 4 dB is possible. For scheme 2, the gap between low cost MTC and legacy UE is marginal. However, more CCEs are used for IS. In practical network, CCE resource is the scarce resource. With the introduction of vast low cost MTC, the CCE resource becomes much scarcer.  Both scheme 1 and scheme 2 are not optimal. More discussions are needed. To sum, for one single port IS case, we can have the following options:

Option 1: N_CCE = 4 and PDCCH_RA = 5 or 6 dB
Option 2: N_CCE = 8 and PDCCH_RA =3 or 4 dB

Proposal 2:  When single antenna port is used, the following options can be considered for Low cost MTC IS configuration:
Option 1: N_CCE = 4 and PDCCH_RA = 5 or 6 dB 

Option 2: N_CCE = 8 and PDCCH_RA =3 or 4 dB

For two antenna port case, additional 4 dB power boost is possible. To save the CCE number for IS, for two antenna port case, we can have N_CCE = 4 and PDCCH_RA =3 dB. 
Proposal 3: When two antenna ports or four antenna ports are used, N_CCE =4 and PDCCH_RA = 3 dB can be considered for the IS of low cost MTC UE. 
Out-of-sync
For out-of-sync, two similar schemes as IS are considered to reduce the gap. The detail power boosting (PDCCH_RA) and number of CCE (N_CCE) is tabulated in Table 4. For the single antenna port case, N_CCE = 8 and PDCCH_RA = 4 dB for legacy UE. These value is the maximum value which can be considered considering the RE power control dynamic range. For the out-of-sync, another limitation is the PCFICH performance. More discussion is needed for single antenna port case. 
Table 4: PDCCH_RA and N_CCE for legacy UE and Low cost MTC with 1 Rx

	
	Legacy
	Scheme 1

(Power boost)
	Scheme 2

(Power boost plus N_CCE = 8)

	Single antenna port
	(4, 8)
	N/A
	N/A

	Two antenna ports
	(1, 8)
	(4, 8)
	N/A


For two antenna port case, PDCCH_RA can be increased from 1 dB used for legacy UE into 4 dB. The gap is reduced from 3 dB into 1 dB.  There still exists 1 dB gap. The power is needed to be boosted further in order not to reduce the coverage.  Hence, for two antenna ports, we can discuss two options:
Option 1: For low cost MTC of Out-of-sync, PDCCH_RA = 4 dB with coverage reduction
Option 2: For low cost MTC of Out-of-sync, PDCCH_RA =5 dB or 6 dB 
Proposal 4: When two antenna ports or four antenna ports are used, the following options can be considered for low cost MTC OoS configuration:
Option 1: For low cost MTC of Out-of-sync, PDCCH_RA = 4 dB with coverage reduction

Option 2: For low cost MTC of Out-of-sync, PDCCH_RA = 5 dB or 6 dB 

3 Conclusion
In this paper, we analyze the performance gap between 1 Rx and 2 Rx in terms of SNR regarding RLM. Based on link level simulation, we have the following proposals:
Proposal 1: The Ratio of PCFICH RE energy to average RS RE energy shall be:

· 4dB; when single antenna port is used for cell-specific reference signal transmission by the PCell.
· 1 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the PCell.
Proposal 2:  When single antenna port is used, the following options can be considered for Low cost MTC IS configuration:

· Option 1: N_CCE = 4 and PDCCH_RA = 5 or 6 dB 

· Option 2: N_CCE = 8 and PDCCH_RA =3 or 4 dB

Proposal 3: When two antenna ports or four antenna ports are used, N_CCE =4 and PDCCH_RA = 3 dB can be considered for the IS of low cost MTC UE. 

Proposal 4: When two antenna ports or four antenna ports are used, the following options can be considered for low cost MTC OoS configuration:
Option 1: For low cost MTC of Out-of-sync, PDCCH_RA = 4 dB with coverage reduction

Option 2: For low cost MTC of Out-of-sync, PDCCH_RA = 5 dB or 6 dB
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Appendix (RLM channel configuration)

Table 7.6.1-1 PDCCH/PCFICH transmission parameters for out-of-sync

	Attribute
	Value

	DCI format
	1A

	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
	4 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell.
1 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the PCell.

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

	Note 1:
DCI format 1A is defined in clause 5.3.3.1.3 in TS 36.212 [21].

Note 2:
A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed.


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

	DCI format
	1C

	Number of control OFDM symbols
	2; Bandwidth ( 10 MHz

3; 3 MHz ( Bandwidth ( 10 MHz

4; Bandwidth = 1.4 MHz

	Aggregation level (CCE)
	4

	Ratio of PDCCH RE energy to average RS RE energy
	0 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell.

-3 dB; when two or four antenna ports are used for cell-specific reference signal transmission by the PCell.

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

	Note 1:
DCI format 1C is defined in clause 5.3.3.1.4 in TS 36.212 [21].

Note 2:
A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed.
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