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1. Introduction

In RAN #67 meeting, a new work item [1] on LTE DL 4 Rx antenna ports was approved, with the expectation of enhancing user experience by defining core and UE performance requirement for LTE with 4 Rx in Rel-13. The objective of the approved WI regarding RRM part is presented as follow:

· RRM core requirement with 4 Rx AP

The objectives for RRM core requirements for 4 Rx AP are the following
· Study feasibility of RLM requirements with 4 Rx antenna 

· The outcome of the feasibility study is decision on whether RLM requirements need to be specified.

· Specify RLM requirements based on the outcome of the above feasibility of using 4 Rx for RLM requirements

· RRM performance requirement with 4 Rx AP

The objectives for RRM performance requirements for 4 Rx AP are the following
· Specify RLM performance requirements based on the conclusion of RLM core requirement part
Actually, the scope of the WI was widely discussed in last RAN4 #74 meeting. Many contributions were presented to discuss the impact of 4 Rx AP on RRM. Companies show different concern on the potential affected topic, such as measurement accuracy, RLM, etc. Finally, RLM turned out to be the common concern on the impact of 4 Rx AP on RRM. In this contribution, we would like to discuss the feasibility of the RLM for 4 Rx.
2. Simulation assumptions and results
Discussing RLM feasibility for 4 Rx AP, firstly, we carried out link simulation with the same assumptions as 2Rx defined in Rel-8 with the exception of antenna configuration to investigate the RLM performance with 4Rx AP. Simulation assumptions are presented as below:

Table 1 PDCCH transmission parameters for OOS
	Attribute
	Value

	DCI format
	1A

	Bandwidth
	10 MHz

	Antenna configuration:
	1x2, 2x2, 1x4, 2x4

	Channel model
	AWGN, ETU70

	Aggregation level (CCE)
	8

	Control channel space
	2 symbols

	Ratio of PDCCH RE energy to average RS RE energy
	4 dB for (1x2, 1x4) antenna configuration
1 dB for (2x2, 2x4) antenna configuration

	DRX
	OFF

	L1 evaluation period: 
	200 ms

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

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


Table 2 PDCCH transmission parameters for IS

	Attribute
	Value

	DCI format
	1C

	Bandwidth
	10 MHz

	Antenna configuration: 
	1x2, 2x2, 1x4, 2x4

	Channel model
	AWGN, ETU30 and ETU70

	Aggregation level (CCE)
	4

	Control channel space
	2 symbols

	Ratio of PDCCH RE energy to average RS RE energy
	0 dB for (1x2, 1x4) antenna configuration

-3 dB for (2x2, 2x4) antenna configuration

	DRX
	OFF

	L1 evaluation period: 
	100 ms

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

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


Simulation results are provided as follow:
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Figure 1 AWGN 1x2








Figure 2 AWGN 1x4
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Figure 3 AWGN 2x2








Figure 4 AWGN 2x4
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Figure 5 ETU70 1x2








Figure 6 ETU70 1x4
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Figure 7 ETU70 2x2








Figure 8 ETU70 2x4
The black and red curves in figures above denote the evaluation of out-of-sync and in-sync performance respectively. We also make a summary of the key points (10% of DCI 1A and 2% DCI 1C) and list them in Table 3.
Table 3 Comparison of RLM performance between 2Rx and 4Rx

	Propagation model
	Description
	Antenna configuration

	
	
	1x2
	1x4
	△
	2x2
	2x4
	△

	AWGN
	DCI 1A 10%
	-12.8
	-14.9
	2.1
	-12.4
	-15.2
	2.8

	
	DCI 1C 2%
	-7
	-10
	3
	-7
	-10.6
	3.6

	ETU70
	DCI 1A 10%
	-9.8
	-12.8
	3
	-10
	-12.9
	2.9

	
	DCI 1C 2%
	-5.4
	-8.5
	3.1
	-6.6
	-9.4
	2.8


Symbol △ in Table 3 denotes the difference between 2Rx and 4Rx with the same number of transmission antennas. Obviously, it could be observed that with more reception antennas equipped, UE would have better perfomance in PDCCH reception. For the same PDCCH received block error rate, UE with 4Rx can work at lower level SNR (about 3dB) than ones with 2Rx.
Observation 1: For the same PDCCH received block error rate, UE with 4Rx can perform RLM normally under lower level SNR (about 3dB) than ones with 2Rx.
3. Discussion
Simulation results above indicate that RLM performance cuold be enhanced for 4Rx. The core requirement of RLM in TS36.133 could mainly be split into three parts, which are:

1) Qout and Qin thresholds.

2) Evaluation periods of Qout and Qin.
3) PDCCH/PCFICH transmission parameters for Out-Of-Sync (OOS) and In-Sync (IS).

The Qout and Qin which are the OOS and IS thresholds respectively were defined in terms of hypothetical PDCCH BLER, which were 10% and 2% with the evaluation periods of 200ms and 100ms respectively. The corresponding evaluation periods and threshold were widely discussed in Rel-8. We haven’t seen any strong motivation to update these parameters when discussing 4 Rx AP. Similarly, no modification has been made to evaluation period and corresponding threshold in RLM for LC-MTC.

Proposal 1: The existing Out-Of-Sync and In-Sync threshold and evaluation period should be reused for 4 Rx.

So in order to enhance RLM for 4 Rx from network aspect, several options are provided as follow:

Option 1: Reduce boosting power of PDCCH/PCFICH for UE with 4Rx.

Option 2: Assign lower level CCE for UE with 4Rx.

Option 3: Reuse existing PDCCH/PCFICH transmission configuration to enable UE equipped with 4Rx could perform RLM normally under lower SNR level.

For option 1, by reducing boosting power in PDCCH, more power could be allocated for PDSCH. We believe that downlink throughput could be benefited in some way. For option 2, as UE with 4 Rx have better performance on downlink control channel reception, network could assign lower level CCE for these UE. It could be helpful to enlarge total PDCCH capacity. There is also some view that 4 Rx antenna ports could extend the network coverage. For option 3, UE would have better performance on downlink reception under lower SNR level. To a certain extent, downlink coverage would be extended. However, there is no obvious evidence shows that the extension of the PDCCH coverage would enlarge the networks coverage. The actual network coverage depends on both uplink and downlink performance. Since no enhancement has been made on uplink transmission for this WI, we believe that the coverage might not be extended. For example, with option 3, UE might perform downlink reception normally under very low SNR instead of triggering RLF. But the uplink transmission of ACK/NCK feedback might not be guaranteed under such low SNR level. As a result, the benefit from option 3 is quite insignificant.
Proposal 2: RLM could be enhanced by the following options:
Option 1 (preference): Reduce boosting power of PDCCH/PCFICH for UE with 4R.
Option 2: Assign lower level CCE for UE with 4Rx.
Option 3: Reuse existing PDCCH/PCFICH transmission configuration to enable UE equipped with 4Rx could perform RLM normally under lower SNR level.

It could be seen in the justification part of approved WI that the motivation of introduction of 4Rx AP included improving throughput and receiver sensitivity, etc. In our opinion, the key benefit for 4Rx AP is to improve user throughput. Hence, option 1 is our preference. For the reduction of the boosting power in option 1, a tentative value 3dB is proposed, which could be observed from the simulation results. We also encourage interested companies to carry out link level simulation to investigate the benefit for 4 Rx. The final improvement could be averaged among companies.
Proposal 3: Encourage interested companies to carry out link level simulation to investigate the RLM performance for 4 Rx. Preliminary simulation assumptions are given in section 2.
4. Conclusions

In this contribution, we discuss the feasibility of RLM for 4 Rx AP. Simulation results are provided to investigate the performance, which show that 3dB improvement could be achieved. After discussion, the following observation and proposals are provided:
Observation 1: For the same PDCCH received block error rate, UE with 4Rx can perform RLM normally under lower level SNR (about 3dB) than ones with 2Rx.
Proposal 1: The existing Out-Of-Sync and In-Sync threshold and evaluation period should be reused for 4 Rx.

Proposal 2: RLM could be enhanced by the following options:

Option 1 (preference): Reduce boosting power of PDCCH/PCFICH for UE with 4R.
Option 2: Assign lower level CCE for UE with 4Rx.
Option 3: Reuse existing PDCCH/PCFICH transmission configuration to enable UE equipped with 4Rx could perform RLM normally under lower SNR level.

Proposal 3: Encourage interested companies to carry out link level simulation to investigate the RLM performance for 4 Rx. Preliminary simulation assumptions are given in section 2.
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