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1
Introduction
In the recent RAN4 meetings, radio link problem detection in LTE has intensively been discussed, and LS, which summarized the RAN4 working assumptions, was sent out to RAN1 and RAN2 [1]. However, there are still some open issues, which should be finalized in order to finalize the specifications.

This contribution provides our analysis about the open issues to make progress in this area.
2
Discussions

Open issues are listed and discussed in the following sections.
2.1. Dependency on Downlink reference signal quality
In general, the cell size in the UL would be determined by the load margin and the maximum UE transmission power. In LTE, the load margin corresponds to inter-cell interference, because intra-cell interference would not exist in the LTE UL under proper operation. For example, network operators would set a small UL cell size in urban area assuming a high load margin, whereas a large size would be set in rural area assuming a low load margin. To align the cell size in the DL to the UL, network operators would adjust the DL reference signal (DL RS) transmission power. This implies that radio link quality monitored by the UE shall depend on DL RS quality. Otherwise, such adjustments of DL cell size would not be feasible.
In the current working assumptions [2], the above has already been captured in the following:
· The UE shall monitor the downlink reference symbol link quality in order to detect the downlink radio link quality of the serving cell as specified in 3GPP TS 36.213. (See 7.4.1)

· Ratio of PDCCH RE energy to average RS RE energy: [0] dB for 1x2 and [-3] dB for 2x2 and 4x2. (See Table 7.4.1-2)
That is, Qin and Qout are defined based on the hypothetical PDCCH BLER, in which the PDCCH RE energy is derived from the power ratio to the average DL RS RE energy. However, it is felt that further clarifications would be needed in order to ensure correct and consistent UE behaviours in detecting radio link problems. Therefore, it is proposed that further clarifications should be captured in the specification.
Proposal 1: It should be clarified in the specifications that radio link quality monitored by the UE shall depend on DL RS quality.
2.2. Values of Qin/Qout
In the last RAN4 meeting, some simulation results for the hypothetical PDCCH BLER were presented. A summary is presented in Table 1. The values in the square brackets were roughly estimated from the figures in the references. The details of our results are presented in Annex A. 
As shown in Table 1, the results exhibit some misalignments and it would be quite difficult to evaluate whether the current hypothetical BLER should be appropriate or not. The hypothetical PDCCH BLER should be carefully defined, because the values of Qin/ Qout are UE internal parameters and could never be modified after UEs are released into the field. Therefore, it is proposed that interested companies try to achieve simulation alignments and evaluate whether the current hypothetical BLER is appropriate or not.
Proposal 2: Interested companies should try to achieve simulation alignments and evaluate whether the current hypothetical BLER is appropriate or not.
Table 1
	
	Required Es/N0 

	
	DOCOMO (w/o PCFICH errors)
	DOCOMO (w/ PCFICH errors)
	Motorola (R4-082302)
	Ericsson (R4-082489)
	Nokia (R4-082439)

	SIMO (Format 1A, ETU), BLER = 10%
	-8.1 dB
	-7.7 dB
	[-7.2 dB]
	[-7.8 dB]
	[-10 dB]

	SIMO (Format 1A, ETU), BLER = 1%
	-6.1 dB
	-5.1 dB
	[-5.1 dB]
	[-5.1 dB]
	[-8.2 dB]

	SIMO (Format 1C, ETU), BLER = 10%
	-4.9 dB
	-4.6 dB
	[-5.8 dB]
	[-6.8 dB]
	[-5.8 dB]

	SIMO (Format 1C, ETU), BLER = 1%
	-2.8 dB
	-2.2 dB
	[-3.6 dB]
	[-4.6 dB]
	[-3.8 dB]


2.3. How to handle PCFICH errors in Hypothetical PDCCH BLER
It should also be clarified whether the hypothetical PDCCH BLER should consider PCFICH errors or not. As presented in Figure A.1 and A.2 in Annex A, the PCFICH error rate has a considerable impact at cell edge regions, where radio link problems would be detected. Thus, unless handling of the PCFICH errors is clarified, the border between out-of-sync and in-sync would be different UE by UE.
There would be two options:

Option 1: PCFICH errors are not taken into account in the hypothetical PDCCH BLER

Option 2: PCFICH errors are taken into account in the hypothetical PDCCH BLER

· In Option 2, it should be noted that the ratio of PCFICH RE energy to average RS RE energy should be defined in the same way as PDCCH.

We believe that both options would be feasible, and what is most important is to clearly define either of the two in the specifications. Otherwise, a consistent UE behaviour would not be achieved in actual networks. Therefore, we propose to clearly define how to handle PCFICH errors in the hypothetical PDCCH BLER.
From our perspective, Option 2 is preferable as it seems to reflect the actual link quality in reality.

Proposal 3: It should clearly be defined how to handle PCFICH errors in the hypothetical PDCCH BLER. 

Proposal 4: Option 2 should be adopted, because it is more realistic.
2.4. Details of L3 filtering
In the LS, which was sent to RAN2, RAN4 indicated that an L3 filtering, i.e., a timer or counter, should be applied to out-of-sync (and in-sync, FFS) indications. However, the details of L3 filtering are still FFS and need to be defined in the specifications. We discuss this aspect in a separate document [3], because L3 filtering should be captured in a RAN2 specification.
2.5. UE transmitter behaviour
In WCDMA, the UE transmitter shall be turned off immediately when the UE detects a radio link problem in the physical layer in order not to increase interference to other UEs’ signals. This was important in the WCDMA UL, since the UL signals are not orthogonal among UEs and the intra-cell interference is critical due to the near-far problem. In WCDMA, furthermore, out-of-synchronization is detected based on dedicated control signals and the closed-loop power control could compensate the impact of fast fading. This prevented frequent ping-pong between transmitter ON and OFF in WCDMA, even if the transmitter had to be turned off immediately upon radio link problem detection.
As the underlying model is different in LTE, some careful re-consideration is needed. The key aspects to be considered are listed below:

· PUSCH transmissions are controlled by network signalling, i.e. PHICH/PDCCH. This means that the UE would never transmit any PUSCH signals during out-of-synchronization, because it could not receive any PHICH/PDCCH signals.
· Yet, the UE would transmit some UL signals, such as Sounding RS and PUCCH format 2, which are dedicatedly assigned via RRC signalling. This could increase interference in other cells. When out-of-synchronization is detected, the measured RSRP value would be quite small, and hence, a large path loss value would be assumed by the UE. This would lead to transmitting at large powers in the UL and might cause some problems from inter-cell interference point of view.
· As specified in TS 36.321, the Time Alignment Timer is introduced in LTE. When the Time Alignment Timer has expired, the UE shall stop all UL transmissions except for RA preambles, i.e., the UE shall use the Random Access procedure in order to obtain uplink Time Alignment, prior to any uplink transmission. Hence, if the Time Alignment Timer is set to a reasonably small value, such interference problems due to the UL dedicated signals would be mitigated to some extent.
· The radio link monitoring needs to be based on the quality of physical channels to which no fast closed loop power control is applied that compensates fast fading. This implies that if the UE transmitter is turned off immediately when the UE detects a radio link problem in the physical layer, this could cause a ping-pong problem in turning on and off the transmitter.
Based on the above analysis, it is proposed that the UE transmitter shall be turned off when the UE detects radio link failure at Layer 3, instead of the physical layer.
Proposal 5: The UE transmitter shall be turned off when the UE detects radio link failure at Layer 3.
2.6. UE behaviour at DRX
At the last RAN4 meeting, some companies proposed that a UE in DRX mode should switch to non-DRX when it detects a radio link problem. However, the benefits of switching to non-DRX mode are doubtful, while this has a clear drawback in terms of UE battery consumption. Therefore, we propose that the UE should continue to remain in DRX mode after it detects a radio link problem.
Proposal 6: UE should continue to remain in DRX mode after it detects a radio link problem.
3
Conclusions
This contribution provided our analysis on radio link problem detection in LTE. Our proposals are summarized in the following:
Proposal 1: It should be clarified in the specifications that radio link quality monitored by the UE shall depend on DL RS quality.
Proposal 2: Interested companies should try to achieve simulation alignments and evaluate whether the current hypothetical BLER is appropriate or not.
Proposal 3: It should clearly be defined how to handle PCFICH errors in the hypothetical PDCCH BLER. 

Proposal 4: Option 2 should be adopted, because it is more realistic.

Proposal 5: The UE transmitter shall be turned off when the UE detects radio link failure at Layer 3.

Proposal 6: UE should continue to remain in DRX mode after it detects a radio link problem.
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Annex A. Simulation results
Simulation parameters are listed in Table A.1. Simulation results for Format 1A and 1C are presented in Figure A.1 and A.2, respectively. Note that the power ratio of PCFICH RE energy to average RS RE energy is set to 4 dB to achieve sufficient quality of PCFICH.
Table A.1
	Simulation parameters
	Format 1A
	Format 1C

	# of uncoded bits + CRC
	42
	32

	Aggregation level
	8
	4

	Start CCE location
	start CCE location = 0 (beginning of the common search space)
	start CCE location = 0 (beginning of the common search space)

	Ratio of RS RE  energy to average RE energy
	0 dB for 1x2
	0 dB for 1x2

	Ratio of  PDCCH RE energy to average RS RE energy
	4 dB
	0 dB

	Ratio of  PCFICH RE energy to average RS RE energy
	4 dB
	4 dB

	# of control symbols in the sub frame
	2
	2
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Figure A.1
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Figure A.2
