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1	Introduction
A new Rel-13 SI is approved in last RAN plenary meeting to study LTE performance under high speed scenarios [1].  Based on the SID [1], there are two major objectives of the study: 
i. Comprehensively study enhancing of the requirements for UE RRM, UE demodulation and BS demodulation under existing high speed scenario.
ii. Identifying other new conditions to affect the system performance for E-UTRA under high speed environment and investigating BS demodulation, UE demodulation, and UE RRM performance under the identified new high speed scenarios.
The first objective includes study performance enhancements with UE velocity at least up to 350km/h (as the 1st priority) and with UE velocity above 350km/h.  The second objective is to study new high speed train scenarios for potential enhancements of performance under various deployments.
In this contribution, we provide an overview on the current RAN4 status of high speed specifications.  Based on the analysis, we also provide our general views on the progress of the SI.

2	BS performance for high speed scenarios
The LTE BS specification, up to Rel-12, supports high speed scenarios with the maximum speed as high as 350km/hr, as specified in 36.104.  The parameters for high speed train (HST) conditions are defined in Table B.3-1 of 36.104, as illustrated here (36.104, V12.6.0):
Table B.3-1: Parameters for high speed train conditions
	 Parameter
	Value

	
	Scenario 1
	Scenario 3

	

	1000 m
	300 m

	

	50 m
	2 m

	

	350 km/h
	300 km/h

	

	1340 Hz
	1150 Hz



NOTE1:	Parameters for HST conditions in table B.3-1 including  and Doppler shift trajectories presented on figures B.3-1 and B.3-2 were derived from Band1 and are applied for performance verification in all frequency bands.



As noted in the specification, the maximum speed of 350 km/h is used to calculate the maximum Doppler shift, which was derived from Band 1.  The uplink Doppler shift  takes account both DL Doppler spread and UL Doppler spread, because UE would use DL reference symbols to track.  The calculation of the UL Doppler shift  is based on
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where  is UE velocity,  is the speed of wave propagation (light speed),  and  are UL and DL carrier frequency, respectively, and  and are UL and DL Doppler shifts, respectively. 
The Doppler shift defined in 36.104 shall be used to specify BS performance for all frequency bands.  With a fixed Doppler shift, the supported maximum speed becomes band dependent, because the supported speed depends on operating frequency.
Based on the equation of uplink Doppler shift, the supported maximum speed of various LTE FDD and TDD bands are listed in Table 1.  
Table 1    Supported maximum speed of LTE bands with fixed Doppler shift 1340Hz for UL, and with fixed Doppler shift 750Hz for DL
	
	UL 
	
	DL
	
	Center f_c
	
	UL fd=1340 Hz
	DL fd=750Hz

	LTE Band
	UL_low
	UL_high
	DL_low
	DL_high
	UL fc
	DL fc
	v_m (km/hr)
	v_m (km/hr)

	1
	1920
	1980
	2110
	2170
	1950
	2140
	354
	379

	2
	1850
	1910
	1930
	1990
	1880
	1960
	377
	413

	3
	1710
	1785
	1805
	1880
	1747.5
	1842.5
	403
	440

	4
	1710
	1755
	2110
	2155
	1732.5
	2132.5
	374
	380

	5
	824
	849
	869
	894
	836.5
	881.5
	842
	919

	61
	830
	840
	875
	885
	835
	880
	844
	920

	7
	2500
	2570
	2620
	2690
	2535
	2655
	279
	305

	8
	880
	915
	925
	960
	897.5
	942.5
	787
	859

	9
	1750
	1785
	1845
	1880
	1767.4
	1862.4
	399
	435

	10
	1710
	1770
	2110
	2170
	1740
	2140
	373
	379

	11
	1428
	1448
	1476
	1496
	1437.9
	1485.9
	495
	545

	12
	699
	716
	729
	746
	707.5
	737.5
	1002
	1,098

	13
	777
	787
	746
	756
	782
	751
	944
	1,079

	14
	788
	798
	758
	768
	793
	763
	930
	1,062

	15
	
	
	
	
	
	
	
	

	16
	
	
	
	
	
	
	
	

	17
	704
	716
	734
	746
	710
	740
	998
	1,095

	18
	815
	830
	860
	875
	822.5
	867.5
	856
	934

	19
	830
	845
	875
	890
	837.5
	882.5
	841
	918

	20
	832
	862
	791
	821
	847
	806
	875
	1,005

	21
	1448
	1463
	1496
	1511
	1455.4
	1503.4
	489
	539

	22
	3410
	3490
	3510
	3590
	3450
	3550
	207
	228

	23
	2000
	2020
	2180
	2200
	2010
	2190
	345
	370

	24
	1627
	1661
	1525
	1559
	1643.5
	1542
	454
	525

	25
	1850
	1915
	1930
	1995
	1882.5
	1962.5
	376
	413

	26
	814
	849
	859
	894
	831.5
	876.5
	847
	924

	27
	807
	824
	852
	869
	815.5
	860.5
	863
	941

	28
	703
	748
	758
	803
	725.5
	780.5
	961
	1,038

	29
	n/a
	
	717
	728
	
	722.5
	
	1,121

	30
	2305
	2315
	2350
	2360
	2310
	2355
	310
	344

	31
	453
	458
	463
	468
	455
	465
	1573
	1,742

	32
	n/a
	
	1452
	1496
	
	1474
	
	550

	33
	1900
	1920
	1900
	1920
	1910
	1910
	379
	424

	34
	2010
	2025
	2010
	2025
	2017.5
	2017.5
	359
	401

	35
	1850
	1910
	1850
	1910
	1880
	1880
	385
	431

	36
	1930
	1990
	1930
	1990
	1960
	1960
	369
	413

	37
	1910
	1930
	1910
	1930
	1920
	1920
	377
	422

	38
	2570
	2620
	2570
	2620
	2595
	2595
	279
	312

	39
	1880
	1920
	1880
	1920
	1900
	1900
	381
	426

	40
	2300
	2400
	2300
	2400
	2350
	2350
	308
	345

	41
	2496
	2690
	2496
	2690
	2593
	2593
	279
	312

	42
	3400
	3600
	3400
	3600
	3500
	3500
	207
	231

	43
	3600
	3800
	3600
	3800
	3700
	3700
	196
	219

	44
	703
	803
	703
	803
	753
	753
	961
	1,076



For UL, the Doppler shift uses the fixed f_d = 1340Hz for all LTE FDD bands shown in the table.  The lower the carrier frequency, with fixed Doppler shift, the higher maximum speed the LTE band can support.  For band less than 2GHz, the current specified Doppler shift can support speed greater than 350km/hr.  The exceptions are high bands with carrier frequency greater than 2GHz, such as Band 7, Band 22, Band 30, Band 38, Band 40, Band 41, Band 42, and Band 43.
Based on the table, the motivation to support higher Doppler shift than Rel-12 Doppler shift is not very strong for carrier frequency less than 2GHz, because low LTE bands can support speed greater than 350km/hr.  For high frequency bands, the question to operators is whether there are intentions to extend these high bands to support high speed train scenarios.  Some of these high bands are likely to support small cell coverage, and specification of high speed train support for small cell coverage won’t be necessary.
Observation: Higher Doppler shift is supported for speed greater than 350km/hr in all bands with frequency less than 2GHz.  
Observation: The exception bands to support 350km/hr are high bands with frequency greater than 2GHz, such as Band 7, Band 22, Band 30, Band 38, Band 40, Band 41, Band 42 and Band 43.
Proposal 1: Operators shall provide inputs on their intentions to support HST for specific high frequency bands.
3	UE performance for high speed scenarios
Similar exercise can be carried out to calculate the band-specific maximum speed with the fixed maximum Doppler shift.  For DL, based on 36.101, the maximum Doppler shift is 750Hz, as listed in Table B.3-1 of 36.101
Table B.3-1: High speed train scenario
	Parameter
	Value

	

	300 m

	

	2 m

	

	300 km/h

	

	750 Hz



With fixed Doppler shift of f_d = 750Hz, the supported DL maximum speed of all LTE FDD and TDD bands are also listed in Table 1.  Based on the table, all bands with frequency less than 2GHz can support speed as high as 350km/hr.  The exceptions are Band 7, Band 22, Band 30, Band 38, Band 40, Band 41, Band 42, and Band 43.
For UE RRM, there were already some discussions taking place under TEI12 and some agreements have been made. The accuracy requirements of absolute RSRP/RSRQ measurement under high Doppler have been captured in the latest version of 36.133 specification, where a relaxation for fading channel over AWGN channel is introduced with the fading channel modeling (EVA300) as part of the side conditions; the methodology to derive relative accuracy requirements from simulations remains under discussion. It is better to clarify if the remaining work will be carried out still under TEI12 or under this new SI.
It should be noted that many simulation results showed that EVA300 is more demanding for the measurement accuracy then EVA600, which implies that the higher speed may not necessarily lead to additional accuracy requirements. Also no consensus was reached during the early RAN4 discussions whether adaptations/enhancements for other RRM aspects are needed in existing high speed scenarios. Since higher speed (350km/h or beyond) has not been carefully addressed, we think further investigations are needed.     
Proposal 2: RAN4 should clarify the work plan for the high Doppler RRM under TEI12 and the new SI. 
Proposal 3: Investigations on all RRM aspects including the measurement accuracy are needed for higher speed (350km/h or beyond) in existing high speed scenarios before making decisions on RRM requirement enhancement.   
The SID is asking two enhancements for UE requirements:
· UE velocity at least up to 350km/h
· UE velocity above 350km/h
Given that the gap between BS and UE is not quite significant, at current stage it is not clear at which speed and which specific band that UE should support high speed beyond 350km/h.
Proposal 4: Define which speed and which specific band that UE should support high speed.
4	New high speed scenarios
It is very interesting that multiple high speed scenarios are provided in the SID.  Although these listed scenarios in the SID are not exclusive, these scenarios shall be considered as basis for further study on new high speed scenarios.
4.1	RRH deployments
When RRH are deployed along the high speed railway, these RRH shall meet the HST requirements.  New high speed train (HST) scenarios other than Scenario 1 and Scenario 3 could be defined to satisfy the new deployments, although the RRH deployments could be similar to HST Scenario 3 defined in 36.104.  We shall decide whether new HST scenario or the existing HST Scenario 3 should be used for RRH deployment in RAN4.
4.2	Separate carriers for simultaneous access of high speed and high data rate 
The SID discussed a potential application of utilizing multiple carriers, as
“Separate carriers are utilized for high speed scenario. One carrier with good coverage serves as PCell for mobility management. One carrier at high frequency may provide the good data transmission.”
Even with this design, both carriers shall meet HST requirements to provide reliable transmission links.  Companies should be encouraged to provide more details on the benefits of the scheme.  Besides, it might have specification impact of other 3GPP working groups.
4.3	Public/dedicated network with repeaters installed in carriages
This is a viable solution to solve the high Doppler issue for UEs, which are associated with the repeater without Doppler effect.  The link between repeaters and eNB shall satisfy the performance requirements of HST scenarios.  
4.4	Repeaters inside tunnels
If the repeaters are deployed inside tunnels, new HST scenarios have to be defined for tunnel deployment.  With the new scenarios, performance should be studied and specified for new HST scenario of tunnel deployment.
Observation: new HST scenarios have to be defined for tunnel deployment
Proposal 5: Companies should be encouraged to provide more details on needed deployment scenario.
5	Conclusion
This contribution provides an overview on general aspects for the Rel-13 high speed SI.  The observations and proposals are summarized here.
Observation: Higher Doppler shift is supported for speed greater than 350km/hr in all bands with frequency less than 2GHz.  
Observation: The exception bands to support 350km/hr are high bands with frequency greater than 2GHz, such as Band 7, Band 22, Band 30, Band 38, Band 40, Band 41, Band 42 and Band 43.
Proposal 1: Operators shall provide inputs on their intentions to support HST for specific high frequency bands.
Proposal 2: RAN4 should clarify the work plan for the high Doppler RRM under TEI12 and the new SI. 
Proposal 3: Investigations on all RRM aspects including the measurement accuracy are needed for higher speed (350km/h or beyond) in existing high speed scenarios before making decisions on RRM requirement enhancement.   
Proposal 4: Define which speed and which specific band that UE should support high speed.
Observation: new HST scenarios have to be defined for tunnel deployment
Proposal 5: Companies should be encouraged to provide more details on needed deployment scenario.
Given the very broad scope of the SI on high speed scenarios, virtually almost every aspect associated with high speed is under further investigation.  Therefore, we need to prioritize our study under the SI:
· The 1st priority should be specification of UE performance following the TEI discussion to support UE up to 350km/hr for major LTE bands.  
· The 2nd priority is to decide whether >350km/hr requirements are needed and which bands are needed for both UE and BS performance, with inputs from operators.  Operators shall provide their intentions to support either wide area coverage or small cells for specific bands, especially the high bands.
· New high speed scenarios, as listed in the SID but not limited to, should be investigated after HST enhancements are concluded.
 
RAN4 shall consider the listed priority order for the SI planning and work.
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