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1 General
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	9.5
	R4-155790
	other
	TR 36.878 v1.0.1
	Huawei


This document was approved online.
2 RRM Requirements
2.1 RRM in DRX

2.1.1 Analysis of DRX under High Speed Scenario
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	9.5.2
	R4-155455
	discussion
	Discussion on RRM requirements in DRX for high speed train scenarios
	CATT

	9.5.2
	R4-155764
	discussion
	High speed train considerations for connected DRX measurements
	Ericsson

	9.5.2
	R4-155791
	discussion
	On the necessity of introduction of DRX based RRM requirements for HST
	Huawei

	9.5.2
	R4-155792
	discussion
	RRM issues analysis in UE connected state in DRX
	Huawei

	9.5.2
	R4-155793
	pCR
	TP for TR36.878: Other issues and possible solutions
	Huawei

	9.5.2
	R4-155854
	discussion
	Discussion on high speed RRM for connected mode
	Nokia

	9.5.2
	R4-156050
	discussion
	Connected Mode RRM in High Speed Scenarios
	Qualcomm


Proposals from companies:

	Companies
	Proposals

	R4-155455
CATT
	Proposal 1: Evaluation time should be tightened for the high speed train scenarios. 

Proposal 2:  How the cell re-selection requirements should be tightened for the high speed train scenarios needs further study.

Proposal 3: The cell re-selection requirements only enhanced for the high speed scenarios. The cell re-selection requirements is not tightened for the low speed scenarios

	R4-155764
Ericsson
	Observation 1 : To enhance measurement performance in connected state DRX sufficiently to allow high speed train operation with longest DRX cycles, UEs would need to perform cell search and measurement more frequently than once per DRX cycle

Proposal : RAN4 jointly considers candidate solutions and necessity of a solution for connected DRX

	R4-155791
Huawei
	Proposal1: It is necessary to introduce DRX based RRM requirements in HST for RRC_CONNECTED state 

Proposal2: The upper bound of long DRX cycle to be supported in HST should be more than [320]ms for RRC_CONNECTED state. 

	R4-155792
Huawei
	Observation 1: Even with short DRX cycle (e.g., 80ms), the handover failure rate and re-establishment rate is not acceptable. As the DRX cycle becomes longer the HO performance degrades significantly.

Observation 2: Current measurement period in DRX (i.e., 5DRX) results in mobility performance degradation in high speed scenarios.

Proposal1: measurement period in DRX needs to be enhanced in high speed scenario.

Observation 3: Current cell identification period in DRX results in mobility performance degradation in high speed scenarios.

Proposal2: Cell identification time in DRX in RRC connected state needs to be enhanced in high speed scenario.

Proposal 3: Under high speed scenarios, UE shall satisfy the enhanced cell identification and measurement period requirements.

	R4-155854
Nokia
	Observation 1: The current HO/RLM driven mobility based on UE measurement/reporting is challenging in high speed with long DRX cycle length.

Observation 2: It is not desirable to require UE to wake up and perform RRM activities more than required by the current requirements. It is also not desirable to hard limit the usable DRX cycles for high speed.

Proposal 1: RRM performance requirements and corresponding tests are defined as applicable only for short DRX. UE with long DRX could be allowed by the network to not support the current HO/RLM driven mobility.
Proposal 2: RAN4 to discuss the feasibility of general enhancement to cell identification requirements in high speed.     

	R4-156050
Qualcomm
	In this paper we described some possible solutions to the mobility performance degradation seen in high speed scenarios with long DRX cycles. Some solutions that offer a good tradeoff between power consumption and mobility performance should be investigated.


Open issues: 
· Issues identified for high speed scenario in Connection mode:

· Existing measurement period in DRX results in mobility performance degradation.
· Existing cell identification latency in DRX results in mobility performance degradation.

· Candidate solutions

· Candidate 1: UEs would need to perform cell search and measurement more frequently than once per DRX cycle
· Candidate 2: Enhance cell identification and measurement requirements in DRX for high speed scenarios

· Candidate 3: Trigger the active measurements, e.g., the UE could increase the measurement activity if the serving cell RSRP falls below a certain threshold.
· Other solutions?

· Can we use R4-155793 to capture the identified issues for DRX and candidate solutions?
Discussion:
Intel: can we assume that the same performance as in the normal channel can be achieved under SFN?

Huawei: the enhanced UE can fulfil the requirements. The enhanced UE is discussed in the demod part.
Qualcomm: Cell idenfitication would be more bottle neck compared to the measurement. 
Huawei: we think that cell identification has some problem.

Intel: Network should let UE know when UE should trigger the different UE behaviour.
Agreements:
· Issues below are identified for high speed scenario in Connection mode:

· Existing measurement period in DRX results in mobility performance degradation.
· Capture the following candidate solutions and write down the proponent companies for each candidate solutions:
· Candidate 1: UEs would need to perform cell search and measurement more frequently than once per DRX cycle
· Candidate 2: Enhance cell identification and measurement requirements in DRX for high speed scenarios

· Candidate 3: Trigger the active measurements, e.g., the UE could increase the measurement activity if the serving cell RSRP falls below a certain threshold.
· Candidate 4: Network provides the assistant information to UE such that UE have different behaviour compared to the legacy UE (Intel).
· Candidate 5: RRM requirements is defined up to the upper bound DRX cycle (Nokia)

· We use R4-155793 to capture the identified issues for DRX and candidate solutions.
2.2 Under the Identified Scenarios

2.2.1 SFN Scenario

2.2.1.1 RLM for SFN Channel

Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	9.5.2
	R4-155794
	discussion
	RLM simulation results in SFN and possible solutions
	Huawei

	9.5.2
	R4-155795
	pCR
	TP for TR36.878:  RLM simulation results in SFN and possible solutions
	Huawei

	9.5.2
	R4-155796
	pCR
	TP for TR 36.878: Possible essential enhancement options
	Huawei


Proposals from companies:

	Companies
	Proposals

	R4-155794
Huawei
	Observation 1：Under the SFN scenario, the legacy UE, which uses typical channel estimation algorithms, would suffer from the PDCCH performance degradation.

Observation 2: With enhanced algorithms in UE side, e.g., HeUE described in clause 2.2.3, are applied, the RLM performance in SFN channel could be comparable with ETU70 in Rel-8.

Proposal 1: In order to improve the RLM performance under SFN scenario, two candidate solutions are proposed

· Option 1 (UE based solution): The enhanced UE (HeUE) is characterized by

· HeUE assumes the existence of multiple Doppler shifts and is able to accurately estimate them by utilizing the enhanced estimation algorithms;

· HeUE is able to properly track the frequency to adjust its own oscillator to keep synchronization by assuming the existence of multiple Doppler shifts;

· HeUE can conduct the proper interpolation for the channel estimation especially in time domain.

· Option 2 (BS based solution): eNB frequency pre-compensation

· The enhanced BS can estimate the downlink frequency by using the uplink signal, e.g., PUCCH for ACK/NACK transmission, and then compensate the downlink frequency per RRH before transmitting.


Open issues and tentative agreements
· Simulation summarize:

· Under the SFN scenario, the PDCCH performance degradation using the UE complying the Release-12 requirements is observed;

· The new RLM SNR settings would need to be changed, and how to change the values depends on the decision in the UE demodulation part.
· Possible solutions
· UE based solutions

The enhanced UE (HeUE) is characterized by

· HeUE assumes the existence of multiple Doppler shifts and is able to accurately estimate them by utilizing the enhanced estimation algorithms;

· HeUE is able to properly track the frequency to adjust its own oscillator to keep synchronization by assuming the existence of multiple Doppler shifts;

· HeUE can conduct the proper interpolation for the channel estimation especially in time domain.

· eNB based solutions

· The enhanced BS can estimate the downlink frequency by using the uplink signal
Discussion:
ALU: RLM issue would be implementation issue. Is there coverage hole causing this issue. How is it important?
Huawei: We did the link level simulation. The RLM issue mainly depends on the demod enhancement.

Agreements:
· Under the SFN scenario, the PDCCH performance degradation using the UE complying the Release-12 requirements is observed;

2.2.2 Leaky Cable Scenario

Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	9.5.2
	R4-155717
	discussion
	Cell search simulation results for leak cable
	Samsung

	9.5.2
	R4-155721
	discussion
	RRM accuracy results for leaky cable channel
	Samsung

	9.5.2
	R4-155797
	discussion
	Simulation results on the leaky cable  channel models
	Huawei

	9.5.2
	R4-155798
	pCR
	TP for TR36.878: Simulation results on the leaky cable channel models
	Huawei


Proposals from companies:

	Companies
	Proposals

	R4-155717
Samsung
	Observation 1: High speed UE under leaky cable channel can meet the legacy cell search requirements, i.e. 600ms.

	R4-155721
Samsung
	Observation1: under leaky cable channel, absolute RSRP measurement accuracy can meet existing RRM measurement accuracy requirements.

	R4-155797
Huawei
	Observation 1：Compared with ETU 70Hz in Rel-8, UE could obtain a good PDCCH performance in leaky cable channel.

In Rel-8, AWGN and ETU 70Hz are chosen as testing channels for RLM. Because of the PDCCH performance difference between leaky cable channel and Rel-8 testing channels, the SNRs setting for RLM testing in leaky cable may need modifications.
Observation 2: The measurement accuracy of RSRP and RSRQ in leaky cable channel could meet the current requirements under high Doppler conditions.
Observation 3: In leaky cable channel, the legacy cell identification latency can be satisfied in all cases, which means that the cell identification latency could be satisfied within 600ms with SINR=-6dB.


Open issues and tentative agreements
· Cell identification

· For cell identification requirements under leaky cable channel, the existing cell identification requirements defined in TS 36.133 could be reused.
· RLM

· UE could obtain good PDCCH performance in leaky cable channel compared with ETU 70Hz in Rel-8.
· RSRP/RSRQ accuracy
· The measurement accuracy of RSRP and RSRQ in leaky cable channel could meet the current requirements under high Doppler conditions.

· Can we use R4-155798 to capture the simulation results 
Discussion:
Qualcomm: it means the same side condition. We assume the same cell id in the tunnel.

Huawei: yes.
Agreements:
· Cell identification

· For cell identification requirements under leaky cable channel, the existing cell identification requirements defined in TS 36.133 could be reused.
· No new RLM requirement under the leaky cable is needed.

· The measurement accuracy of RSRP and RSRQ in leaky cable channel can meet the current requirements under high Doppler conditions.

· No new RRM requirement under the leaky cable is needed.
