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1. Introduction
In RAN #67, a WI on defining requirements for 4Rx UEs was agreed in [1]. The requirements for radio link monitoring are subject to a feasibility study. In this paper we present our view on defining radio link monitoring requirements/test cases for 4Rx.
2. Discussion
During the study item phase some proposals to define new requirements/test cases for radio link monitoring with 4Rx were presented. However, some companies showed concerns that only extending the DL coverage will not bring any benefits as the eNB-UE link becomes unbalanced.

During the Rel.12 MTC work item, RAN1 performed a study on coverage issues that was summarized in [2] and also captured in [3]. The tables with the link budget results for several channels are included below for convenience:
Table 1: MCL calculation for normal LTE FDD (see Note 1)
	Physical channel name
	PUCCH
(1a)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH

(1A)

	Data rate(kbps)
	
	
	20
	20
	
	
	

	Transmitter
	
	
	
	
	
	
	

	Max Tx power  (dBm)
	23
	23
	23
	46
	46
	46
	46

	(1) Actual Tx power (dBm)
	23.0
	23.0
	23.0
	32.0
	36.8
	36.8
	42.8

	Receiver
	
	
	
	
	
	
	

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

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

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

	(5) Occupied channel bandwidth (Hz)
	180000
	1080000
	360000
	360000
	1080000
	1080000
	4320000

	(6) Effective noise power
         = (2) + (3) + (4) + 10 log((5))  (dBm)
	-116.4
	-108.7
	-113.4
	-109.4 
	-104.7
	-104.7
	-98.6 

	(7) Required SINR (dB)
	-7.8 
	-10.0
	-4.3
	-4.0 
	-7.5 
	-7.8 
	-4.7 

	(8) Receiver sensitivity
         = (6) + (7) (dBm)
	-124.24 
	-118.7 
	-117.7 
	-113.4 
	-112.2 
	-112.5 
	-103.34 

	(9) MCL 
         = (1) ( (8) (dB)
	147.2
	141.7
	140.7
	145.4
	149.0
	149.3
	146.1

	NOTE 1:
eNB is assumed with 2 Tx and 2 Rx in FDD systems.



Table 2: MCL calculation for normal LTE TDD (see Note 2)
	Physical channel name
	PUCCH

(1a)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH

(1A)

	Data rate(kbps)
	
	
	20
	20
	
	
	

	Transmitter
	
	
	
	
	
	
	

	(0) Max Tx power  (dBm)
	23
	23
	23
	49
	49
	49
	49

	(1) Actual Tx power (dBm)
	23.0
	23.0
	23.0
	32.0
	36.8
	36.8
	42.8

	Receiver
	
	
	
	
	
	
	

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

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

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

	(5) Occupied channel bandwidth (Hz)
	180000
	1080000
	360000
	360000
	1080000
	1080000
	4320000

	(6) Effective noise power

         = (2) + (3) + (4) + 10 log((5))  (dBm)
	-116.4
	-108.7
	-113.4
	-109.4 
	-104.7
	-104.7
	-98.6 

	(7) Required SINR (dB)
	-10
	-15
	-11.0
	-6.7
	-7.5
	-7.8
	-5.5

	(8) Receiver sensitivity
         = (6) + (7) (dBm)
	-126.4
	-123.7
	-124.4
	-116.1
	-112.2
	-112.5
	-104.1

	(9) MCL 
         = (1) ( (8) (dB)
	149.4
	146.7
	147.4
	148.1
	149.0
	149.3
	146.9

	NOTE 2:
eNB is assumed with 8 Tx and 8 Rx in TDD systems



As can be seen in Table 1, the DL link budget is about 5-6dB better than that of UL for the same data rate. It should be noted that even if PUCCH has better performance than PUSCH, it does not make sense to try and maintain a link where the UE cannot send any data in the UL. The results for TDD are summarized in Table 2, for this case the difference between DL and UL MCL is smaller, partly due to the increase in number of eNB receivers. Even in this case, the DL coverage is better than UL. Furthermore we would like to point that the conclusions in [2] also show that DL coverage is better than UL coverage.
Moreover, in practical networks there will be some UL interference from nearby transmissions that would further shrink the UL coverage. If the RoT/IoT is 3~5dB, this would cause a corresponding UL coverage loss. At the edge of the coverage area, even if the UE is noise limited, the eNB will still most likely see interference from UEs in neighbour cells. 

During the 4Rx study item an argument that the eNB could have multiple receivers was brought up in support of defining RLM requirements for 4Rx. Based on the data in Table 2 it can be seen that even 8Rx at the eNB would not be able to provide enough UL coverage.
Based on the results above, we do not believe that it is feasible to define specs for RLM with 4Rx. This would mean that the DL coverage is extended further and the DL-UL imbalance will become even higher. Triggering very late RLM will delay the connection recovery procedure and have a negative impact on the system performance. Furthermore, defining RLM requirements for 4Rx will also impact the power consumption as the UE will have to use all 4 receivers in most scenarios.
3. Conclusions

In this contribution we analyzed the feasibility of defining RLM requirements for UEs with 4 receivers. Based on the link budget study performed in Rel.12 for MTC and summarized in [2], [3], the LTE link is uplink limited even with 8Rx at the eNB. As such, it is not feasible to define RLM requirements for 4Rx UEs.
Proposal: Do not define RLM requirements for 4Rx UEs.

We would also like to point out that defining RLM requirements for 4Rx UEs(extending DL coverage) could  delay the connection recovery procedure and have a negative impact on the system performance and user experience.
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