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1 General
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	9.4
	R4-154762
	draft TR
	TR 36.878 v.0.2.0
	Huawei, HiSilicon

	9.4
	R4-154781
	pCR
	TP for TR 36.878: scope, reference, definitions, symbols and abbreviations
	Huawei, HiSilicon

	9.4
	R4-154782
	pCR
	TP for TR 36.878: Conclusion
	Huawei, HiSilicon


The papers have already been handled in the main session.
2 High speed train scenarios: identified new scenario
2.1 New channel model for SFN
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	9.4.1
	R4-154017
	pCR
	Investigation of SFN Channel Model in Tunnel Environment for HST scenarios
	ITRI

	9.4.1
	R4-154408
	other
	Further discussion on the SFN channel model
	CATT

	9.4.2
	R4-154765
	Discussion
	Considerations on SFN simulation
	Huawei


Proposals from companies:

	Companies
	Proposals

	ITRI
R4-154017
	Observation 1: From the RSRP measurement results, the measured 1-tap receiving power for high speed train in tunnel environments is similar to the evaluation results of each tap of 2-tap SFN channel model.
Proposal 1: The relative power of 2-tap SFN channel model is suitable for high speed train scenario in tunnel environments.

	CATT
R4-154408
	Proposal 1: Normalize the received power of each path in the SFN channel model to the instantaneous total received power.
Proposal 2: The tap power of the SFN channel model in [1] is modified to be:
· Tap power
The power of tap 1 is
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The power of tap 2 is 
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Open issues:
· For the link level simulation for performance evaluation, the received powers from two paths in the SFN channel model need to be normalized.
· Option 1: CATT

· The power of tap 1 is
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· The power of tap 2 is 
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· Option 2: Huawei
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 are normalized to the received power from the nearest RRH provided the distance between RRH and UE is dmin.
Discussion:
CATT: can we agree the normalization in principle.
Ericsson: Why should we use the normalized the channel model.

CATT: To avoid the impact on the test equipment. To facilitate the evaluation.
Ericsson: In realistic case the received power will vary.
Agreements:
· Normalize the received power of each path in the SFN channel model to the instantaneous total received power.
· Have offline discussion to decide which option should be used in TR
· CATT will provide the revised TP to capture the agreement
2.2 New channel model for leaky cable
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	9.4.1
	R4-154106
	other
	Channel modelling for high speed leaky cable scenarios
	Nokia Networks

	9.4.1
	R4-154241
	discussion
	Channel models for the leaky cable
	Huawei, HiSilicon

	9.4.1
	R4-154242
	pCR
	TP: Channel model for leaky cable in tunnel
	Huawei, HiSilicon

	9.4.3
	R4-154577
	other
	Discussions on the Leaky Cable propagation channel
	Ericsson


Proposals from companies:

	Companies
	Proposals

	Nokia Networks
R4-154106
	Observation 1: The leaky cable channel model depends on radiating point distance and radiating angles.

Observation 2: If the radiating point distance is small (e.g.D0=0.3m), the leaky cable channel under high Doppler can be modeled with a single path channel with a fast fading channel gain.

Observation 3: Rician fading can be used to model the fast fading channel gain.

	Huawei, HiSilicon
R4-154241, R4-154242
	Observation 1: It is observed from the measurement results that the maximum excess delay for the scenario of leaky cable in tunnel would be approximately less than 100ns and the RMS delay spread is around 50ns.

Observation 2: The line-of-sight (LOS) path is observed in the channel for leaky cable in tunnel, and the Rician distribution would be feasible to model it.

Observation 3: The Doppler shift is approximately zero for the typical leaky cable channel model in tunnel.

Observation 4: The Doppler spread is small for the typical leaky cable channel model in tunnel, i.e., the Doppler spectrum is expected to be narrow.

Observation 5: In the long tunnel where multiple pieces of leaky cables are used, there would be the jumps of the relative delay and the received signal phase, which would be challenges to time tracking and channel estimation. But the jumps do not happen frequently.

Proposal 1: The following time delay line (TDL) model is proposed for the leaky cable in tunnel:

· Option 1: 
Tap index

Excess tap delay (ns)

Relative power (dB)

Distribution of amplitude per tap

Doppler spectrum

1

0
0
Rician, K=10dB
RICE, K=10dB, fshift=0, fmax= 30Hz 
· Option 2:
Tap index

Excess tap delay (ns)

Relative power (dB)

Distribution of amplitude per tap

Doppler spectrum

1

0
0.0
Rician, K=10dB
RICE, K=10dB, fshift=0, fmax = 30Hz 
2
30

-16.1

Rayleigh

U-shape Doppler spectrum, fmax = 30Hz

3
70

-17.1

Rayleigh

U-shape Doppler spectrum, fmax = 30Hz

4
90

-18.1

Rayleigh

U-shape Doppler spectrum, fmax = 30Hz

5
110

-23.1

Rayleigh

U-shape Doppler spectrum, fmax = 30Hz

Proposal 2: To simplify the channel model, we propose not to model the varying relative delay and the jumps of relative delay and the received signal phase. 

Proposal 3: use the low correlation matrix for the fading components, and the static MIMO channel matrix for the non-fading component, i.e., 
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for the channel model leaky cable in tunnel.

	Ericsson
R4-154577
	Observation 1: There is no Rayleigh fading on each tap when evaluating the received signals just as direct paths from the slots in the cable. 

Observation 2: Reflections in the tunnel will cause fading with some frequency spread, and simultaneously it will cause that the Doppler frequency shift of each tap is decreasing with about the same amount as the frequency spread. Reflections are not modelled in the evaluations in [1]

Proposal 1: In order to create a High Speed Train model for Leaky Cables, measurements and evaluations of real scenarios are needed.


Open issues: Channel model for leaky cable in tunnel
· Time delay line model
· Option 1:  Single tap model
	Tap index
	Excess tap delay (ns)
	Relative power (dB)
	Distribution of amplitude per tap
	Doppler spectrum

	1
	0
	0
	Rician, K=10dB
	RICE, K=10dB, fshift=0, fmax= 30Hz 


· Option 2: Multi-tap model
	Tap index
	Excess tap delay (ns)
	Relative power (dB)
	Distribution of amplitude per tap
	Doppler spectrum

	1
	0
	0.0
	Rician, K=10dB
	RICE, K=10dB, fshift=0, fmax = 30Hz 

	2
	30
	-16.1
	Rayleigh
	U-shape Doppler spectrum, fmax = 30Hz

	3
	70
	-17.1
	Rayleigh
	U-shape Doppler spectrum, fmax = 30Hz

	4
	90
	-18.1
	Rayleigh
	U-shape Doppler spectrum, fmax = 30Hz

	5
	110
	-23.1
	Rayleigh
	U-shape Doppler spectrum, fmax = 30Hz


Note: the RICE spectrum is denoted by
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· MIMO channel matrix:

· First tap: use the static MIMO channel matrix for the non-fading component, i.e., 
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· Rest of taps in Option 2 multi-tap model: use the low correlation matrix.
Discussion:
Ericsson: what is the Doppler spread in 
NN: it is same as Huawei proposal. It is almost zero.

Agreements:
· Channel model for evaluation of leaky cable performance, if in the future the problem is found the channel will be revisited
· Single tap model
	Tap index
	Excess tap delay (ns)
	Relative power (dB)
	Distribution of amplitude per tap
	Doppler spectrum

	1
	0
	0
	Rician, K=10dB
	RICE, K=10dB, fshift=0, Maximum Doppler frequency is 30Hz 


· MIMO channel matrix for rank-2 performance evaluation, if we evaluate the performance for 2x2 antenna configuration:

· LOS component: use the static MIMO channel matrix for the non-fading component, i.e., 
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· Fading component: use the low correlation matrix.
3 UE Demodulation performance evaluation
3.1 Under the existing scenarios
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	9.4.3
	R4-154244
	discussion
	Evaluation of UE demodulation performance under the existing scenario.
	Huawei, HiSilicon

	9.4.3
	R4-154245
	pCR
	TP: Simulation assumptions for UE demodulation performance evaluation under the existing high speed scenario
	Huawei, HiSilicon

	9.4.3
	R4-154246
	pCR
	TP: Performance characterization for UE demodulation under the existing high speed scenario
	Huawei, HiSilicon

	9.4.3
	R4-154407
	discussion
	Simulation results for UE demodulation under legacy HST scenarios
	CATT

	5.4

	R4-154576
	discussion
	Alignment and impairment results for PDSCH under ETU600 for Rel-12
	Ericsson

	5.4
	R4-154627
	discussion
	Simulation results of TM3 PDSCH demodulation test under ETU600 channel
	LG Electronics Inc

	9.4.3
	R4-154841
	discussion
	UE demodulation performance under high speed scenarios
	NTT DOCOMO INC.


Previous agreements: (R4-153854)
· Consider both FDD and TDD cases

· Channel model: ETU600 2x2 low correlation channel

· Transmission mode: TM3 rank 2

· FRC:

· FDD: R.35-4 FDD

· TDD: R.35-2 TDD 

· SNR test points : 4:1:26 dB

· TM3 64QAM PDSCH demodulation requirements under ETU300 are replaced with those under ETU600 in Rel-12.

· From UE demodulation performance requirement aspect, Scenario 2e, 2g and 4 which are captured in [1] could be viewed as the existing scenarios. 

· No new UE demodulation performance requirement is needed for Scenario 2e, 2g and 4, which can be verified by the existing UE demodulation performance requirements. 

· FFS: whether or not replace EVA200 with EVA600.
Proposals from companies:
	Companies
	Proposals

	Huawei, HiSilicon,

R4-154244
	Proposal: Not to introduce the additional EVA600 UE demodulation tests and keep the existing EVA200 UE demodulation requirement.

	CATT
R4-154407
	In this contribution, we provide our simulation results for PDSCH demodulation test in EVA600 and ETU600. We hope these results can be considered for the performance requirements.


Open issues and tentative agreements
· Not to introduce the additional EVA600 UE demodulation performance requirements;
· Whether the simulation assumptions provided in R4-154245 is agreeable?
· Revise the R4-154246 to capture the simulation results provided in this meeting.
Discussion:
Ericsson: The ETU600 test is for rel-12.
Qualcomm: Include this in the TR is fine. TDD table is almost the same as FDD table and need the revision.
Ericsson: the test is for Rel-12, someone can provide the CR.

Agreements:
· Not to introduce the additional EVA600 UE demodulation performance requirements;
· ETU600 UE performance test is for Rel-12.
· Provide the TP to capture the simulation assumptions and results into TR.
3.2 Under the identified scenarios
3.2.1 SFN scenario
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	9.4.3
	R4-154100
	other
	PDSCH demodulation performance in SFN channel
	Qualcomm Incorporated

	9.4.3
	R4-154243
	discussion
	UE performance evaluation and enhancement under the new scenarios.
	Huawei, HiSilicon

	9.4.3
	R4-154247
	pCR
	TP: Simulation assumptions for UE demodulation performance evaluation under the identified high speed scenario
	Huawei, HiSilicon

	9.4.3
	R4-154248
	pCR
	TP: Performance characterization for UE demodulation under the identified high speed scenario
	Huawei, HiSilicon

	9.4.3
	R4-154249
	pCR
	TP: Possible essential enhancement for UE under the identified high speed scenario
	Huawei, HiSilicon

	9.4.3
	R4-154406
	discussion
	Discussion on UE demodulation for the SFN scenarios
	CATT

	9.4.3
	R4-154578
	other
	UE demodulation performance evaluation of the SFN channel
	Ericsson

	9.4.3
	R4-154628
	discussion
	Demodulation performance study under the new SFN channel model
	MediaTek Inc.

	9.4.3
	R4-154630
	discussion
	Feasibility of DMRS based transmission mode for high speed train in SFN deployment
	MediaTek Inc.

	9.4.1
	R4-154516
	discussion
	Modified RRH Arrangement for HST SFN
	Ericsson LM

	9.4.1
	R4-154518
	pCR
	TP: Unidirectional RRH Arrangement for HST SFN
	Ericsson LM

	9.4.1
	R4-154520
	discussion
	Evaluation of Unidirectional RRH arrangement for HST SFN
	Ericsson LM

	9.4.1
	R4-155132
	discussion
	Link simulation – Coverage by RRH Arrangements for HST SFN
	Ericsson LM


Proposals from companies:
	Companies
	Proposals

	Qualcomm Incorporated
R4-154100
	Observation 1. When UE is near mid-point of two repeaters, 
· When maximum Doppler shift is 850 Hz, frequency tracking loop may diverge due to limited frequency offset discrimination range of CRS. 
· When maximum Doppler shift is 750Hz, UE can maintain frequency tracking but large performance degradation is observed due to channel estimation error. 
Proposal 1. Maximum Doppler shift of RAN4 SFN channel model should not be larger than 750Hz. 

Proposal 2. RAN4 should consider challenge in channel estimation in SFN channel with large Doppler shift when specifying minimum performance requirement. 

	Huawei, HiSilicon
R4-154243
	Observation 1: Under the SFN scenario, the legacy UE with the frequency tracking assuming the single frequency shift and with the channel estimation assuming the single U-shape or block Doppler spectrum would suffer from the significant downlink performance loss, especially between the two RRHs.

Observation 2: The performance loss would be mainly due to the incorrect frequency tracking and the channel estimation (time-domain interpolation). The ICI would not be the bottleneck for the downlink performance under SFN scenario.

Observation 3: The performance can be improved by HeUE, which is capable of tracking the multiple Doppler shifts and conducting the time-domain interpolation for the channel estimation according to the Doppler spectrum matching the SFN scenario. 

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

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

· Option 2 (BS based solution): 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.

Observation 4: The performance under the scenario of leaky cable in tunnel is close to the performance under AWGN.
Proposal 2: One new MIMO requirement under the leaky cable channel model could be considered in order to fully support the leaky cable scenario.

	CATT
R4-154406
	Conclusion: Compared to the demodulation performance under EVA75 propagation conditions, 

· When link adaption and OLLA is considered, UE performs better in SFN propagation condition under the range that SNR<= 20dB, and worse in SFN channel conditions under the range that SNR>20dB.

· When the modulation format of UE is 16QAM, UE performs better under SFN propagation condition.
· When the modulation format of UE is 64QAM, UE performs worse in SFN propagation condition, and the gap of performance under the two propagation conditions increases with the decreasing of the coding rate.

Proposal1: Introduce a test case for SFN propagation conditions with 64QAM. MCS 19 and MCS 20 can be considered.

	Ericsson
R4-154578
	The simulations of the SFN channel are performed and the results of the simulations are shown in Figure 1. Here it is seen that the max throughput of the SFN channel with 870 Hz Doppler is around 27.5 Mbps while the 70 Hz Doppler channel reaches the same max throughput  as the AWGN channel, around 36Mbps. 

	MediaTek Inc.
R4-154628
	Observation 1, The UE without handling the shifted Doppler spectrum doesn’t fail the performance. However, with some design effort, the better throughput is expected when the shifted Doppler spectrum is encountered. 
Proposal 1, Align the simulation first to determine if the shifted Doppler spectrum is the potential issue.

Proposal 2, Consider the simulation setup as TM3 2x2 16QAM 1/2, and RRH parameters Ds = 1Km, Dmin = 10m. Car speed = 350Km/hr, and the max Doppler can be further discussed.

	MediaTek Inc.
R4-154630
	Observation 1, From channel estimation design point of view, the extrapolation can’t be avoided when using DMRS. The noise enhancement will be induced by extrapolation and it will get worse by trying to cover larger Doppler spread. 

Observation 2, To avoid the co-existence of opposite Doppler frequencies for DMRS based TM, the frequency offset should be introduced at the transmission side and it should also be dynamically changed to cope with the frequency tracking behaviour of the UE by using CRS. See Fig. 2 and Fig. 3.

Proposal 1, De-prioritize DMRS based TM and focus on CRS based TM for defining demodulation requirement.

	Qualcomm Incorporated
R4-154100
	Observation 1. When UE is near mid-point of two repeaters, 

· When maximum Doppler shift is 850 Hz, frequency tracking loop may diverge due to limited frequency offset discrimination range of CRS. 

· When maximum Doppler shift is 750Hz, UE can maintain frequency tracking but large performance degradation is observed due to channel estimation error. 

Proposal 1. Maximum Doppler shift of RAN4 SFN channel model should not be larger than 750Hz. 

Proposal 2. RAN4 should consider challenge in channel estimation in SFN channel with large Doppler shift when specifying minimum performance requirement. 

	Ericsson LM
R4-154520
	The link simulations confirm the analysis in [3] and particularly that the Unidirectional RRH arrangement is insensitive to Doppler within the studied range of UE velocities. Since there are large gains on the system throughput it is proposed that the Unidirectional SFN model is included in [1] as one of the scenarios to evaluate.


3.2.1.1 Evaluation of UE demodulation performance under SFN scenario
Open issues and tentative agreements
· Issues identified:
· In the agreed SFN scenario, it is observed that the performance of UE complying with the Release-12 demodulation performance requirements degrades, because
· Frequency tracking loop may diverge;
· Channel estimation performance degrades.

· The enhancement of the downlink performance under the SFN scenario could be considered.
Agreements:

· Issues identified:
· In the agreed SFN scenario, it is observed that the performance of UE complying with the Release-12 demodulation performance requirements degrades, because

· Frequency tracking loop may diverge;

· Channel estimation performance degrades.

· The enhancement of the downlink performance under the SFN scenario could be considered.
3.2.1.2 Candidate solutions to improve the downlink performance under SFN scenario
Open issues and tentative agreements

· Candidate Solution 1: UE based solution: enhance the UE demodulation performance under SFN scenario
· Candidate Solution 1-1: UE is capable to track the multiple Doppler shifts and conduct the channel estimation based on the assumptions of the existence of multiple Doppler shifts (Huawei)
· Candidate Solution 1-2: UE will be enhanced based on the legacy UE design (MediaTek)
· Candidate solution 2: BS based solution: enhance the downlink performance by changing BS transmission
· Candidate Solution 2-1: The enhanced BS estimates the downlink frequency and then compensates the downlink frequency per RRH before transmitting.
· Candidate Solution 2-2: BS utilizes the unidirectional antenna to provide the downlink coverage.

Discussion:

Qualcomm: propose to reach the generic agreement or wait for the more input from other companies.
CMCC: other solutions are not precluded.
Intel: since it is the last meeting, we suggest postponing the further study in the WI. In RAN4 we do not specify the solution but the requirements
Samsung: my concern is for tracking multiple Doppler shifts. Maybe we can do two tap Doppler shift tracking. But if the number of taps is larger and the Doppler shifts are more than two, it would be hard to implement.
Qualcomm: we disagree with Intel. We propose to have further study on the candidate solutions.

Intel: We do not say that we do not do the simulation. We just say where and when to study. I think that QUlacomm want to postpone the SI. 
CMCC: We share the similar view with Intel. UE vendor provides the solution to try to improve the performance. A lot of SI did not get the conclusion and then go to WI.
Qualcomm: I do not think that the comparison to LAA is suitable.
Huawei: In the SI, we should identify the issue and then close the SI.
CMCC: I would like to give the suggestion on the candidate solution.
Qualcomm: there is no concrete study on the UE solution. We propose to extend the SI.

CMCC: we try to make progress we would like to hear specific suggestion from Qualcomm.

Qualcomm: the agreement in the previous page can reflect the situation and our proposal. 
Ericsson: I agree with Qualcomm. We want to have time to study the feasibility for the candidate solutions.
Qualcomm: for UE vendor, we do not know whether it will impact on the other things.
No agreement.
3.2.2 Leaky cable in tunnel
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	9.4.3
	R4-154243
	discussion
	UE performance evaluation and enhancement under the new scenarios.
	Huawei, HiSilicon

	9.4.3
	R4-154247
	pCR
	TP: Simulation assumptions for UE demodulation performance evaluation under the identified high speed scenario
	Huawei, HiSilicon

	9.4.3
	R4-154248
	pCR
	TP: Performance characterization for UE demodulation under the identified high speed scenario
	Huawei, HiSilicon

	9.4.3
	R4-154249
	pCR
	TP: Possible essential enhancement for UE under the identified high speed scenario
	Huawei, HiSilicon


Proposals from companies:
	Companies
	Proposals

	Huawei, HiSilicon
R4-154243
	Observation 4: The performance under the scenario of leaky cable in tunnel is close to the performance under AWGN.
Proposal 2: One new MIMO requirement under the leaky cable channel model could be considered in order to fully support the leaky cable scenario.


Open issues and tentative agreements

· UE demodulation performance requirements under the leaky cable in tunnel
· No need to introduce the new demodulation performance requirement for the scenario of the leaky cable in tunnel.
Discussion:

Ericsson: Based on the agreed channel model, I agree that no requirement is needed.
Agreements:

· UE demodulation performance requirements under the leaky cable in tunnel
· No need to introduce the new demodulation performance requirement for the scenario of the leaky cable in tunnel.
4 BS Demodulation performance evaluation

4.1 Under the existing scenarios
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	9.4.5
	R4-154107
	other
	Discussion on UL performance under high speed
	Nokia Networks

	9.4.5
	R4-154251
	discussion
	BS performance evaluation and enhancement under the existing and identified scenarios
	Huawei

	9.4.5
	R4-154253
	pCR
	TP: Simulation assumptions for BS demodulation performance evaluation under the existing high speed scenario
	Huawei, HiSilicon

	9.4.5
	R4-154254
	pCR
	TP: Performance characterization for BS demodulation under the existing high speed scenario
	Huawei, HiSilicon

	9.4
	R4-154823
	other
	Study on performance enhancements for high speed scenarios
	NTT DOCOMO INC.


Proposals from companies:
	Companies
	Proposals

	NTT DOCOMO
	Observation 1: High speed trains in Japan run with very high velocity in not only rural areas. For example, they pass some stations located in not rural areas with keeping high speed.

Observation 2: Propagation channel would not be always LOS but rather multipath fading channel.

Proposal 1: In order to ensure good system performance in high speed scenarios, it is also necessary to ensure the both UL/DL demodulation performance in multipath fading channel.

	Huawei
R4-154251
	Proposal 1: In order to align the BS and UE demodulation performance requirements, it is proposed to consider specifying the new BS demodulation performance requirements under ETU600.

Proposal 2: It is proposed to consider specifying the new BS demodulation performance requirements under ETU600 as the optional requirements and to apply the requirements only for Wide Area BS and not for the Local Area BS and Home BS.

	Huawei, HiSilicon
R4-154253
	-------------------------------------------- -- Start of Change ---------------------------------------------

5.4.1 
Simulation assumptions

In order to evaluate the BS demodulation performance under the existing high speed channel model with the higher Doppler spread value, the simulation assumptions are provided in Table 5.4.1-1.

Table 5.4.1-1: Simulation assumptions for BS demodulation evaluation under the existing high speed scenarios
Parameter

Value

Maximum number of HARQ transmissions

4

RV sequence

0, 2, 3, 1, 0, 2, 3, 1

Uplink-downlink allocation for TDD

Configuration 1 (2:2)

Propagation conditions

ETU 600Hz

Correlation matrix and antenna configuration
1x2 Low

Cyclic prefix

Normal

System bandwidth

10MHz

Allocated resource blocks

50PRB

FRC

16QAM 3/4 (A4-6 in TS36.104)




Open issues and tentative agreements

· Whether the new BS demodulation performance requirements should be introduced
· If the new BS demodulation performance requirements are agreed to introduced, the following test setup could be considered
· Propagation condition:ETU600Hz

· Antenna configuration: 1x2 Low;

· MCS: 

· Option 1: 1/3 QPSK;

· Option 2: 1/2 16QAM.

· The requirement will be optional;
· Can we use R4-154253 to capture the agreements for the BS demodulation in the existing scenario?
Discussion:

Qualcomm: agree with optional requirement and prefer to use higher MCS.
NN: it is first to see the number. And we need time for study. We can agree some working assumption.
Qualcomm: maybe we can evaluate all the possible options.

Samsung: we have a lot of discussion on PRACH.

CMCC: Can we make the agreemet on the first sentence.
CMCC: consider uplink 64QAM? We suggest leaving two options.

NTT DoCoMo: we prefer option 1 and 2 for further evaluation.

Agreements:

· The new BS demodulation performance requirements are agreed to introduced, the following test setup could be considered

· Propagation condition:ETU600Hz

· Antenna configuration: 1x2 Low;

· MCS for further evaluation
· Option 1: 1/3 QPSK;

· Option 2: 1/2 16QAM.

· The requirement will be optional;
4.2 Under the identified scenarios

4.2.1 SFN scenario
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	9.4.5
	R4-154251
	discussion
	BS performance evaluation and enhancement under the existing and identified scenarios
	Huawei

	9.4.5
	R4-154255
	pCR
	TP: Simulation assumptions for BS demodulation performance evaluation under the identified high speed scenario
	Huawei, HiSilicon

	9.4.5
	R4-154256
	pCR
	TP: Performance characterization for BS demodulation under the identified high speed scenario
	Huawei, HiSilicon

	9.4.5
	R4-154257
	pCR
	TP: Possible essnetial enhancement for BS under the identified high speed scenario
	Huawei, HiSilicon

	9.4.5
	R4-154620
	discussion
	Analysis of Unidirectional deployment for BS
	Ericsson


Proposals from companies:
	Companies
	Proposals

	Huawei
R4-154251
	For the new SFN scenarios, we have

Observation 1: In the SFN scenario the performance of BS connected with the multiple RRHs can be verified by the existing HST BS performance requirements. 

Proposal 3: To verify the demodulation performance of BS supporting SFN scenario, it is proposed to reuse the existing HST demodulation performance requirements with or without some potential modifications on the test setups.

For the leaky cable scenario, we have

Observation 2: Due to the small Doppler shift, the leaky cable scenario would not be challenging for BS demodulation. 

Proposal 4: It is proposed not to consider specifying the new BS demodulation performance requirements under the scenario of leaky cable in tunnel.

	Ericsson
R4-154620
	Observation 1: By unidirectional beam arrangement the UL Doppler shift is essentially zero along the whole track, except close to the RRH sites, where it is not zero but reduced to a fraction of the maximum Doppler shift.

Proposal 1: Unidirectional eNB deployments are considered in the studies on high speed train deployments.


Open issues and tentative agreements

· Whether the new BS demodulation performance requirements should be introduced under SFN scenario.
· In the SFN scenario the performance of BS connected with the multiple RRHs can be verified by the existing HST BS performance requirements.
· No new BS requirement is needed for SFN scenario.
Discussion:

Intel: for HST 1 UE receive and single BS receive. For SFN, multiple RRH can receive the signal. We do not see the analysis why we reuse the requirement for SFN.
Ericsson: Ericsson shared the Huawei view and agreement. Ericsson has also a paper related to this. On BS, we have the RRH with the separate decoding capability. In our paper we provide the robust solution.
Samsung: for the PUSCH we can combine the signal but for RPACH we can only do the non-coherent combination. For this case, we do see the combination gain. Want to know operator’s view.
CMCC: According to our observation, we see more issue on DL and not on UL.
Intel: the requirement is too loose, BS will have worse performance.
NN: We share the similar view as Huawei. We do have Doppler correction on each RRH. 

ALU: It does not make the requirement loose. Downlink is different from Uplink. In DL multiple signal is mixed.
Ericsson: the problem in the downlink is harder.

ALU: two RRH combining is nothing to do with the UE moving or not moving. The key is Doppler shift.
No agreement.
4.2.2 Leaky cable scenario

Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	9.4.5
	R4-154251
	discussion
	BS performance evaluation and enhancement under the existing and identified scenarios
	Huawei

	9.4.5
	R4-154255
	pCR
	TP: Simulation assumptions for BS demodulation performance evaluation under the identified high speed scenario
	Huawei, HiSilicon

	9.4.5
	R4-154256
	pCR
	TP: Performance characterization for BS demodulation under the identified high speed scenario
	Huawei, HiSilicon

	9.4.5
	R4-154257
	pCR
	TP: Possible essential enhancement for BS under the identified high speed scenario
	Huawei, HiSilicon


Proposals from companies:
	Companies
	Proposals

	Huawei
R4-154251
	For the leaky cable scenario, we have

Observation 2: Due to the small Doppler shift, the leaky cable scenario would not be challenging for BS demodulation. 

Proposal 4: It is proposed not to consider specifying the new BS demodulation performance requirements under the scenario of leaky cable in tunnel.

	Huawei, HiSilicon
R4-154255
	-------------------------------------------- -- Start of Change ---------------------------------------------

6.5.1
Simulation assumptions

In order to evaluation the BS demodulation performance under the new scenario, the link level simulation under the identified new scenario(s) will be conducted. The detailed assumptions for the simulation are given in Table 6.5.1-1 for PUSCH and in Table 6.5.1-2 for PUCCH. The purpose is to investigate the impact of new channel model on the BS demodulation performance.

Table 6.5.1-1: Simulation assumptions for PUSCH demodulation performance evaluation under the new high speed train scenario
Parameters

Unit

Values

Bandwidth

MHz

10

MCS for PUSCH

16QAM 3/4
Propagation condition and correlation matrix

Channel for leaky cable in Tunnel as specified in 6.2.3.2

· The performance under AWGN is provided for performance comparison
Antenna configuration

1x2

Reference receiver

MRC

Noise estimation

Practical

Time and frequency track

Practical

Table 6.5.1-2: Simulation assumptions for PUCCH demodulation performance evaluation under the new high speed train scenario
Parameters

Unit

Values

Bandwidth

MHz

10

PUCCH format

PUCCH format 1a

Propagation condition and correlation matrix

Channel for leaky cable in Tunnel as specified in 6.2.3.2

· The performance under AWGN is provided for performance comparison
Antenna configuration

1x2

Reference receiver

MRC

Noise estimation

Practical

Time and frequency track

Practical

-------------------------------------------- -- End of Change ---------------------------------------------


Open issues and tentative agreements

· Whether the new BS demodulation performance requirements should be introduced under the scenario of leaky cable.

· The existing BS demodulation requirements can guarantee the BS performance under the leaky cable scenario.
· It is proposed not to consider specifying the new BS demodulation performance requirements under the scenario of leaky cable in tunnel.
· To capture the evaluation results, can we use R4-154255 and R4-154256 to capture the simulation assumption and evaluation results?
Agreements:

· It is proposed not to consider specifying the new BS demodulation performance requirements under the scenario of leaky cable in tunnel.
4.3 PRACH
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	9.4.5
	R4-154252
	discussion
	Discussion on PRACH performance under high speed scenario
	Huawei

	9.4.5
	R4-154363
	other
	Impact of High Doppler on PRACH Detection
	Alcatel-Lucent

	9.4.5
	R4-154364
	other
	Cyclic Shift Restriction Set for High Speed Cells
	Alcatel-Lucent

	9.4.5
	R4-154620
	discussion
	Analysis of Unidirectional deployment for BS
	Ericsson


Proposals from companies:
	Companies
	Proposals

	Huawei
R4-154252
	Observation: higher Doppler frequency will cause random access failure of the due to correlation shifted out of the detection window or due to high interference from other users with high Doppler frequency.

Proposal: PRACH enhancement should be considered for the scenario with the higher UE speed beyond 350km/h or with the higher frequency band.

	Alcatel-Lucent
R4-154363
	To support PRACH detection when frequency offset to the range of [-2.5KHz, +2.5KHz], one option is to add additional detection widows corresponding to the shifts of
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	Alcatel-Lucent
R4-154364
	We discussed the current cyclic shift restriction set defined in TS 36.211 for high speed cells, which is limited to frequency offset within PRACH subcarrier spacing, i.e., +/-1.25KHz, and then proposed a new cyclic shift restriction set that is suitable for uplink frequency offset up to twice of the PRACH Subcarrier Spacing, .e., +/-2.5KHz, as follows: 
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For all other values of 
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	Ericsson
	Observation 1: By unidirectional beam arrangement the UL Doppler shift is essentially zero along the whole track, except close to the RRH sites, where it is not zero but reduced to a fraction of the maximum Doppler shift.

Proposal 1: Unidirectional eNB deployments are considered in the studies on high speed train deployments.


Open issues and tentative agreements

· Issues for the PRACH under the high speed scenario:
· The current cyclic shift restriction set defined in TS36.211 for high speed cells is limited to frequency offset within PRACH, i.e., +/-1.25KHz, the Doppler shift out of the range of [-1.25KHz, +1.25KHz] would cause the detection ambiguity.
· Candidate solutions:
· Candidate Solution 1: New cyclic shift restriction set that is suitable for uplink frequency offset up to twice of the PRACH Subcarrier Spacing, .e., +/-2.5KHz;
· Candidate Solution 2: Unidirectional eNB deployments are considered in the studies on high speed train deployments.
Discussion:

Qualcomm: Candidate 2 is not generic. But the PRACH problem exists in both existing and new scenarios.
ALU: Candidate 1 has impact on RAN1.

Samsung: Candidate 2 is for specific scenario.

Ericsson: What is the meaning of generic? Existing HST scenario can migrate to unidirectional deployment.
ALU: Ericson has two configurations. For the first one it is always unidirecational and Doppler is still double. For second deployment, it would be difficult to deploy on the boundary between two eNB. The other one is the uplink power control, which needs further study.
Samsung: we should clarify that this issue is caused by higher Doppler shift. Currently we consider Doppler shift 1.25Hz. No matter whether unidirectional or bidirectional there is still PRACH problem.

NN: ALU’s solution is very good and Ericsson’s solution is also good. It is the first time to see them. We need time for further study.
Ericsson: The unidirectional the TX and RX is the same antenna. For that case we get the same Doppler shift. Doppler shifts may be with the same signs. In the other deployment, the uplink Doppler shift can be removed, which is much lower than maximum Doppler shift. In the regular deployment, we provide the simulation. It is true for the power control issue.
Agreements:

· Issues for the PRACH under the high speed scenario:
· The current cyclic shift restriction set defined in TS36.211 for high speed cells is limited to frequency offset within PRACH, i.e., +/-1.25KHz, the Doppler shift out of the range of [-1.25KHz, +1.25KHz] would cause the detection ambiguity.
5 RRM evaluation
5.1 Under the existing scenarios
5.1.1 Cell identification
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	9.4.2
	R4-154158
	Discussion
	Simulation results for cell search on existing high speed scenarios
	Intel

	9.4.2
	R4-154448
	Discussion
	Cell search simulation results under AWGN channel with large frequency offset between cells
	SAMSUNG

	9.4.2
	R4-154773
	Discussion
	Cell identification simulation results for existing high speed scenarios
	Huawei

	9.4.2
	R4-154774
	pCR
	TP for TR 36.878:Cell identification simulation results for existing high speed scenarios
	Huawei


Proposals from companies:

	Companies
	Proposals

	Intel
	Observation 1:  When the side condition less than -6dB, the PSS/SSS acquisition time will be degraded significantly and hardly meet the current requirements (600ms) in [2]. However if side conditions for RSRP measurement under high speed train can be same as -6dB [2], only the specific test cases with -6dB side condition can be considered to define the new cell acquisition time requirements. 

Observation 2:  Assuming the measurement period (TMeasurement_Period Intra) is 200ms, the required time for intra-frequency cell identification of high speed train scenario up to 350km/h should have no problem to meet the Rel.12 requirement of 800ms [4]. 

Proposal 1: The intra-frequency cell identification time requirements for high speed train scenario up to 350km/h should be same as the existing one defined in Rel.l12 (Tbasic_identify_E-UTRA_FDD, intra =800 ms when Es/Iot > -6dB).

	SAMSUNG
	Observation 1: High speed UE up to 350km/h can meet the legacy cell search requirements, i.e. 600ms.

	Huawei
	Observation 1: Compared with AWGN with 0 offset, the cell identification latency of AWGN with 1750Hz offset is of the same order of magnitude.

Observation 2: For AWGN with 1750Hz offset, the existing cell identification latency defined in TS 36.133 can be satisfied when SINR=-6dB.

Proposal: For cell identification requirements, the current requirements could be reused for existing high speed scenarios.


Open issues and tentative agreements

· Based on the evaluation, the existing cell identification requirements defined in TS 36.133 can be reused for the high speed scenarios.
· Can we use TP R4-154774 to capture the simulation results provided by companies?
Agreements:

· Based on the evaluation, the existing cell identification requirements defined in TS 36.133 can be reused for the high speed scenarios.
· we use TP R4-154774 to capture the simulation results provided by companies
5.1.2 Measurement accuracy for existing high speed scenarios
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	9.4.2
	R4-154157
	Discussion
	Simulation results for RSRP/RSRQ on existing high speed scenarios
	Intel

	9.4.2
	R4-154403
	other
	Discussion on the RSRP/RSRQ accuracy measurement for the HST scenarios
	CATT

	9.4.2
	R4-154405
	Discussion
	RSRP/RSRQ accuracy measurement for the legacy HST scenarios
	CATT

	9.4.2
	R4-154447
	Discussion
	RRM measurment accuracy results under  existing high speed scenarios
	SAMSUNG

	9.4.2
	R4-154711
	Discussion
	simulation results of RSRP and RSRQ accuracy under the existing high speed scenarios
	ZTE

	9.4.2
	R4-154775
	Discussion
	Measurement accuracy simulation results for existing high speed scenarios
	Huawei

	9.4.2
	R4-154776
	pCR
	TP for TR 36.878: Measurement accuracy simulation results for existing high speed scenarios
	Huawei


Proposals from companies:

	Companies
	Proposals

	Intel
	Observation 1: RSRP/RSRQ measurement accuracy performance in HST [875] channel is similar as AWGN.  

Observation 2: It is observed for the margin between RSRP/RSRQ measurement accuracy simulation results under HST [875] channel and the existing intra-frequency/inter-frequency measurement requirements for high Doppler in [2] even with additional margin considering in Rel12 high Doppler scenario (e.g. 1.5dB for absolute RSRP) [3].

Proposal 1:  For the existing high speed scenario the RSRP/RSRQ measurement accuracy requirements for both intra-frequency and inter-frequency measurement in [2] can be reused.

	CATT
	Propose 1: For the high speed train RRM, the ideal RSRP and RSRQ are defined as the signal power under AWGN channel. RSRP excludes noise. For RSRQ, RSSI includes noise.

Proposal 1: Not specify additional RSRP/RSRQ accuracy requirement under legacy HST scenarios.

	SAMSUNG
	Observation 1: under existing high speed scenarios with upper to 875Hz Doppler shift/spread, absolute RSRP measurement accuracy can meet existing RRM measurement accuracy requirements.

	Huawei
	Proposal 1: Accuracy requirements under high Doppler condition should be used as reference when discussing measurement accuracy under existing high speed scenarios.

Observation 1: Accuracy requirements under high Doppler condition could be reused for existing high speed scenarios.


Open issues and tentative agreements

· Based on the evaluations, the existing requirements defined in TS 36.133 could be reused for existing high speed scenarios.
· Can we use R4-154776 to capture the evaluation?
Discussion:

Intel: which existing requirements can be reused?
Huawei: High Doppler requirements defined in TS36.133.

Agreements:

· Based on the evaluations, the existing high Doppler requirements defined in TS 36.133 could be reused for existing high speed scenarios.
· Capture the ideal RSRP/RSRQ definition in the TR.
5.1.3 RLM for existing high speed scenarios
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	9.4.2
	R4-154771
	Discussion
	RLM simulation results for existing high speed scenarios
	Huawei

	9.4.2
	R4-154772
	pCR
	TP for TR 36.878: RLM simulation results for existing high speed scenarios
	Huawei


Proposals from companies:

	Companies
	Proposals

	Huawei
	Observation 1: For EVA 875Hz, there is about 0.5dB PDCCH performance loss for out-of-sync and with 1dB PDCCH performance loss for in-sync compared with ETU 70Hz.

Observation 2: The PDCCH performance difference between HST 875Hz and HST scenario 3 in Table 3 is quite limited.

Observation 3: Compared with ETU 70Hz, there is no more than 0.5dB PDCCH performance loss in both HST channels, including HST 875Hz and HST Scenario 3 in Table 3.
Because of the PDCCH performance difference between existing high speed scenarios and Rel-8 testing channels, the SNRs setting for RLM testing in existing high speed scenarios may need modifications.


Open issues and tentative agreements

· Because of the PDCCH performance difference between existing high speed scenarios and Rel-8 testing channels, the SNRs setting for RLM testing in existing high speed scenarios may need modifications, if the new RLM test was introduced.
· Can we use R4-154772 to capture the evaluation?
Discussion:

Ericsson: we can agree on the different performance between under HST and under ETU70. The question is whether we need the new test. We need to consider the benefit to introduce the test cases. To introduce the new test to verify the UE mapping SNR measurement to BLER needs further discussion including the margin.
Huawei: we share the similar view with Ericsson to introduce the new test cases.
Qualcomm: we do not see the new value to introduce the new test case.
Agreements:

· We observe the PDCCH performance different between the existing high speed scenarios and Rel-8 test channels. But whether to introduce the new RLM tests and whether the thresholds will be reused needs further study.
· Capture the agreement in the TR.
5.2 Under the identified scenarios

5.2.1 SFN scenario
5.2.1.1 Measurement accuracy for SFN channel
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	9.4.2
	R4-154156
	Discussion
	Simulation results for RSRP/RSRQ on SFN scenarios for high speed train
	Intel

	9.4.2
	R4-154404
	Discussion
	RSRP/RSRQ accuracy measurement for the SFN scenarios
	CATT

	9.4.2
	R4-154449
	Discussion
	RRM measurment accuracy results under SFN scenario
	SAMSUNG

	9.4.2
	R4-154712
	Discussion
	simulation results of RSRP and RSRQ accuracy under SFN channel
	ZTE

	9.4.2
	R4-154768
	Discussion
	Measurement accuracy simulation results for SFN channel
	Huawei

	9.4.2
	R4-154769
	pCR
	TP for TR 36.878: Measurement accuracy Simulation results for SFN channel
	Huawei


Proposals from companies:

	Companies
	Proposals

	Intel
	Observation 1: RSRP/RSRQ measurement accuracy simulation results for HST_SFN are similar as these of AWGN.

Observation 2: It is observed for the margin between RSRP/RSRQ measurement accuracy simulation results under high speed SFN channel and the existing inter-frequency/intra-frequency measurement requirements for high Doppler in [3] even with additional margin considering in Rel12 high Doppler scenario( e.g. 1.5dB for absolute intra-frequency RSRP) [4].

Proposal 1:  For high speed scenario with SFN channel the RSRP/RSRQ measurement accuracy requirements for both intra-frequency and inter-frequency measurement in [3] can be reused.

	CATT
	Proposal 1: Not introduce RSRP/RSRQ accuracy measurement requirement under SFN scenarios.

	SAMSUNG
	Observation1: under SFN2Tap channel with upper to 875Hz Doppler shift, absolute RSRP measurement accuracy can meet existing RRM measurement accuracy requirements.

	Huawei
	Proposal 1: Accuracy requirements under high Doppler condition should be used as reference when discussing measurement accuracy under SFN high speed scenarios.

Observation 1: Accuracy requirements under high Doppler condition could be reused for SFN high speed scenarios.


Open issues and tentative agreements
· For high speed scenario with SFN channel, the existing RSRP/RSRQ measurement accuracy requirements in TS36.133 for both intra-frequency and inter-frequency measurement can be reused.
· Can we use the R4-154769 to capture the simulation results?
Not discussed due to lack of time.
5.2.1.2 RLM for SFN channel
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	9.4.2
	R4-154766
	Discussion
	RLM  simulation results for SFN channel
	Huawei

	9.4.2
	R4-154767
	pCR
	TP for TR 36.878: RLM  simulation results for SFN channel
	Huawei

	9.4.2
	R4-154765
	Discussion
	Considerations on SFN simulation
	Huawei

	9.4.2
	R4-154770
	pCR
	TP for TR 36.878: Possible essential enhancement options
	Huawei


Proposals from companies:

	Companies
	Proposals

	Huawei
	Observation 1: Under the SFN scenario, the legacy UE, which uses the channel estimation assuming the single frequency shift and the single U-shape or block Doppler spectrum, would suffer from the PDCCH performance loss.

Observation 2: If some enhanced algorithms in UE side, e.g., HeUE in clause 2.2.2, are applied, the RLM performance in SFN channel could be comparable with ETU70 in Rel-8.

	Huawei
	Proposal1: In order to avoid the time varying receive power from UE side, normalization of per-tap gain shall be considered. 

Proposal2: Enhancements could be carried out on UE side or on eNB side.
· Option1: High speed scenario enhanced UE (HeUE)
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.

· Option2: eNB frequency pre-compensation
The eNB 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, which is described in clause 6.4.3.2.


Open issues and tentative agreements
· Issues identified:

· 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.
Not discussed due to lack of time
5.2.2 Leaky cable scenario

Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	9.4.2
	R4-154777
	Discussion
	RRM simulation assumptions for leaky cable
	Huawei

	9.4.2
	R4-154778
	pCR
	TP for TR 36.878: RRM Simulation assumptions for leaky cable
	Huawei

	9.4.2
	R4-154779
	Discussion
	RRM simulation results for leaky cable
	Huawei

	9.4.2
	R4-154780
	pCR
	TP for TR 36.878: RRM Simulation  results for leaky cable
	Huawei


Proposals from companies:

	Companies
	Proposals

	Huawei
	Simulation assumptions of cell identification, RLM and RSRP/RSRQ accuracy are provided.

AWGN, EVA [875], leaky cable are to be simulated. 

	Huawei
	Observation 1: Compared with AWGN (ideal channel), there is about 1dB PDCCH performance loss in leaky cable channel.

Observation 2: Compared with ETU 70Hz, there is more than 1.5dB PDCCH performance improvement for out-of-sync as well as more than 0.7dB PDCCH performance improvement for in-sync 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 3: The measurement accuracy of RSRP and RSRQ in leaky cable channel could meet the current requirements under high Doppler conditions.

Observation 4: 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.


5.2.2.1 Cell identification
Open issues and tentative agreements
· The existing cell identification latency requirements under low speed (600ms when Es/Iot > -6dB) be reused for the UE under the leaky cable scenario.
Not discussed due to lack of time
5.2.2.2 RLM for leaky cable
Open issues and tentative agreements
· The existing RLM requirement can be reused for the UE under the leaky cable scenario.

· Due to the small Doppler shift, no new RLM test in the leaky cable scenario is needed.
Not discussed due to lack of time
5.2.2.3 RRM measurement for leaky cable
Open issues and tentative agreements
· The existing RSRP/RSRQ requirements can be reused for the UE under the leaky cable scenario.

· Can we use R4-154778 and R4-154780 to capture the evaluation for leaky cable scenario?
Not discussed due to lack of time
5.3 RRM in DRX
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	9.4.2
	R4-154498
	Discussion
	Discussion on RRM requirements for High Speed Train Scenarios
	CMCC

	9.4.2
	R4-154159
	Discussion
	Discussion on RRM requirements in DRX for high speed scenarios
	Intel

	9.4.2
	R4-154313
	other
	Idle mode RRM for high speed train
	Ericsson

	9.4.2
	R4-154314
	other
	RRC connected DRX RRM for high speed train
	Ericsson

	9.4.3
	R4-154600
	Discussion
	Idle mode RRM Limitations in High Speed Scenarios
	Qualcomm

	9.4.2
	R4-154562
	Discussion
	Idle mode RRM for high speed train
	Ericsson

	9.4.2
	R4-154563
	Discussion
	RRC connected DRX RRM for high speed train
	Ericsson

	9.4.2
	R4-154599
	Discussion
	Connected Mode RRM Limitations in High Speed Scenarios
	Qualcomm

	9.4.2
	R4-154763
	Discussion
	RRM issues in high speed scenarios
	Huawei

	9.4.2
	R4-154764
	pCR
	TP for TR 36.878: other issues and possible options
	Huawei

	9.4.2
	R4-154953
	Discussion
	Discussion on high speed RRM
	Nokia Networks


Proposals from companies:

	Companies
	Proposals

	CMCC
	Proposal 1: It is proposed not to restrict the choice of DRX cycle length configuration.

Proposal 2: It is proposed to enhance cell re-selection requirements by reducing the number of DRX cycles.

Proposal 3: It is proposed to enhance RLM requirements with DRX cycle larger than 40ms by reducing the number of DRX cycles.

Proposal 4: it is proposed to enhance the cell identification requirements with DRX cycle length larger than 40ms.

	Intel
	Observation 1: The problem for RRM requirement in DRX for the high speed scenario is too specific. And such limitation can be avoided by the shorter DRX configuration.

Observation 2: In case of high speed scenario, in order to make sure the existing RRM requirements with DRX can be satisfied, the network deployment with larger cell ISD are expected.

	Ericsson
	· Idle mode [R4-154562]

Observation 1: 2.56s DRX cycle is not suitable for this deployment with either DRX cycle. This is not surprising because the UE transitions the cell site within approximately 4 DRX cycles

Observation 2: Significant outage occurs for all other DRX cycles based on the existing RAN4 requirement (Eval1)

Proposal 1 : Shorter intrafrequency Tdetect, Tmeasure and Tevaluate for idle mode in high speed train environments, especially for 0.32s and 0.64s DRX cycles are considered to be beneficial

Proposal 2 : To prevent increased UE power consumption, the shorter requirements studied in proposal 1 are assumed to be enabled under network control.

Proposal 3 : Interfrequency and interRAT Tdetect, Tmeasure and Tevaluate are also considered.
· RRC connected DRX [R4-154563]

Proposal 1 : UE DRX cycles of up to 512ms may be considered practical for further investigations of high speed RRM requirements

Proposal 2 : UE cell identification (including measurement period component) and radio link monitoring in DRX may be further studied for high speed scenarios.

	Qualcomm
	· Idle mode [R4-154600]

Based on the results presented it is seen that the probability of missing a paging message increases with the length of the DRX cycle and the time that the UE does monitor DL is relatively long.

· Connected Mode [R4-154599]

Based on the results presented it is seen that the performance is degraded with long DRX cycles and relatively long service outage times will be experienced by the UE(5~7 DRX cycles). It should be further discussed what kind of enhancements are appropriate with these kind of configurations and the potential power consumption impact should be carefully analyzed.

	Huawei
	Proposal1: High speed scenarios shall take all kinds of DRX cycles into account.

Proposal2: Requirements for cell re-selection, RLM in DRX and cell identification in DRX shall be enhanced for high speed scenarios. Exact DRX numbers for defining corresponding requirements need further study.

	Nokia Networks
	Proposal 1: Limiting the DRX cycle length and re-using existing RRM mechanism should be considered as one option. 

Proposal 2: Requirements for short DRX cycles should be tightened by considering the most stringent requirements for all DRX cycles.

Proposal 3: The upper limit of the DRX cycle length for which the existing RRM mechanism is supposed to work should be left to implementation. 

Proposal 4: If long DRX cycles are required to work under high speed scenarios, new RRM mechanism should be considered. One possible solution is enhancing the requirements by taking advantage of prior information of neighbor cells and/or considering the difference between L1 samples during measurement or detection


5.3.1 Analysis of DRX under the high speed scenario
Open issues: 
· Issues identified for high speed scenario in Idle mode:
· 2.56s DRX cycle is not suitable for this deployment with either DRX cycle (Ericsson);
· Significant outage occurs for all other DRX cycles based on the existing RAN4 requirement (Eval1) (Ericsson);
· Based on the results presented it is seen that the probability of missing a paging message increases with the length of the DRX cycle and the time that the UE does monitor DL is relatively long. (Qualcomm)
· Requirements for cell re-selection, RLM in DRX and cell identification in DRX shall be enhanced for high speed scenarios.
· If long DRX cycles are required to work under high speed scenarios, new RRM mechanism should be considered.(Nokia)

· Issues identified for high speed scenario in Connection mode:
· UE DRX cycles of up to 512ms may be considered practical for further investigations of high speed RRM requirements (Ericsson) (not all DRX cycles are suitable for high speed scenario)
· UE cell identification (including measurement period component) and radio link monitoring in DRX may be further studied for high speed scenarios. (Ericsson)
· Based on the results presented it is seen that the performance is degraded with long DRX cycles and relatively long service outage times will be experienced by the UE(5~7 DRX cycles). It should be further discussed what kind of enhancements are appropriate with these kind of configurations and the potential power consumption impact should be carefully analyzed. (Qualcomm)
· If long DRX cycles are required to work under high speed scenarios, new RRM mechanism should be considered.(Nokia)
· Can we use R4-154764 to capture the issues identified for DRX?
Tentative agreements:
· RRM in DRX for idle mode:

· The existing latency requirements (Tdetect, Tevaluate and Tmeasure) under DRX configuration for idle mode are not suitable for high speed scenario;
· The enhancement of DRX requirements or DRX configurations is needed.

· RRM in DRX for connected mode:

· The UE RRM performance will degrade in DRX under the high speed scenarios, considering the UE cell identification and radio link monitoring performance under DRX;
· The enhancement of DRX requirements or DRX configuration is needed.
Discussion:
Qualcomm: we see some degradation but it is hard to tell how serious it is.
NN: What does DRX configuration mean?

Ericsson: we agree it would be beneficial to consider shorter DRX cycle and our other proposals. The existing requirements for idel mode is copied from WCDMA and it would be beneficial.
Huawei: even with the short DRX cycle, there would be problem for high speed.
Intel: We think that it would be network implementation to select shorter DRX cycles.

Ericsson: in our paper we provide the results and we agree with Huawei.

Qualcomm: we are not sure whether there is big degradation and there is also paging missing issue we should consider
Ericsson: We look at not only cell identifcaiton issue and also provide the other analysis. 
Intel: Genreally people agree on the difficulty for cell identification in high speed 

Huawei: it is hard to evaluate the paging issue, which is related to MME.

Qualcomm: infra vender needs to provide more analysis.

Huawei: it seems most of companies support that there is issue in the idle mode.
Ericsson: we would like to propose giving the additional indication to UE instead of tightening the UE requirements. From RAN4 point of view, we could not analyze the issue related to core network.
Agreements:
· RRM in DRX for idle mode:

· The existing latency requirements under DRX configuration for idle mode are not suitable for high speed scenario;
· How serious and how to solve the issue needs further study
· Candidate solution 1: tightening UE requirements
· Candidate solution 2: providing the indication to UE and when UE is operating in the high speed UE should follows the tightened requirements.
· Other solutions are not precluded.
· Use both candidate solution 1 and 2 could be considered.
· Paging missing issue needs to be considered.
5.3.2 Potential enhancement solutions
Open issues and tentative agreements: 
· Candidate solutions for DRX in the Idle mode:
· Candidate Solution 1: RRM requirement enhancement assuming there is no restriction on DRX configurations
· Candidate Solution 1-1: Enhance cell re-selection requirements by reducing the number of DRX cycles;
· Candidate Solution 1-2: Shorter intrafrequency Tdetect, Tmeasure and Tevaluate for idle mode in high speed train environments, especially for 0.32s and 0.64s DRX cycles are considered to be beneficial;
· The shorter requirements are assumed to be enabled under the network control;
· Intrafrequency, interfrequency and interRAT Tdetect, Tmeasure and Tevaluate shall be considered.
· Candidate solutions for DRX in the Connected mode:

· Candidate Solution1: RRM requirement enhancement

· Candidate Solution 1-1: Enhance RLM requirements in DRX by reducing the number of DRX cycles;

· Candidate Solution 1-2: Enhance the Cell identification requirements in DRX;

· Candidate Solution 2: Restrict the DRX configuration, i.e., shorter DRX cycle or setting the upper bound for the configurable DRX, in high speed scenario.
· Can we use R4-154764 to capture the candidate solutions for DRX?
Not discussed due to lack of time
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