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1	Introduction
In this document we provide a background to the work on Further performance enhancement for LTE in high speed scenario. We also provide an analysis of the existing signalling and compare it to the objectives of the work item.
[bookmark: _Ref178064866]2	Background
In this section a background to existing RAN2-related high-speed enhancements for LTE is provided.
2.1	Release 13
In Rel-13 it was observed that the performance of LTE with regards to speed needed more careful analysis and evaluation. For this purpose a study item [1] was started in RAN4. The study item was justified by the prevalent high-speed trains in various parts of the world reaching speeds close to the design limit of LTE. Existing 3GPP specifications at the time guaranteed BS performance for speeds up to 350 km/h and some high-speed trains had higher top speeds. Additionally, the performance guarantees (with respect to UE speed) were different or in-existent for BS demodulation, UE demodulation, and UE RRM performance. All of this prompted a comprehensive analysis of the E-UTRA performance in a high-speed environment.
The outcome of the Rel-13 study item was the technical report TR 36.878 [2]. An existing high-speed scenario was evaluated as well as ten new ones. From a RAN2 perspective the interesting outcome was perhaps that existing RRM requirements in DRX were not suitable and would result in performance degradation. Based on the outcome of the study item a RAN4-led work item for Rel-14 was started [3].
2.2	Release 14
For RAN2 the Rel-14 work item was fairly straight-forward as it focused on standardizing signalling necessary for the tighter requirements needed for high-speed operation. The main components were:
· Signalling for high-speed measurement (highSpeedEnhancedMeasFlag). This flag is present in RadioResourceConfigCommon and configures the UE to “apply the high speed measurement enhancements as specified in TS 36.133”. Compared to the “normal” measurement requirements in TS 36.133 the high-speed measurement enhancements are tighter, giving the UE shorter time to measure and identify new cells. This flag can only be signaled on the PCell, thus the high-speed measurement enhancements do not apply on the SCell.
· Signalling for advanced receiver in SFN scenario (highSpeedEnhancedDemodulationFlag). First of all, the SFN scenario refers to a deployment of RRHs along the railroad track all having the same Cell ID. This flag is present in RadioResourceConfigCommon and configures the UE to “apply the advanced receiver in SFN scenario as specified in TS 36.101”. Compared to “normal” demodulation requirements, the receiver needs to provide comparable PDSCH demodulation performance despite the higher doppler frequency shift (due to the higher speed). This flag can be signaled for both PCell and SCell. 
· Signalling for an alternative PRACH configuration (prach-Config-v1430) suitable for high-speed operation. High speed distorts the cyclic shift during PRACH detection. The existing PRACH configuration can handle UEs where the Doppler frequency shift is within [-1.25 kHz, +1.25 kHz]. However, high-speed UEs can be outside of this range leading to reduced PRACH performance. The new signaling in prach-Config-v1430 allows for signaling of a new cyclic shift restriction set (called Restricted set Type B) for uplink Doppler frequency shift of twice the old range, i.e. [-2.5 kHz, +2.5kHz].
2.3	Release 15
In Rel-15 the concept of HSDN (High-speed Dedicated Network) was introduced by RAN2 as part of TEI15. A cell can be part of the HSDN, and if it is, the intention is that only high-speed UEs use the cell. The HSDN cell is not barred for low-speed users. Instead when ranking the cells as part of cell (re)selection, the low-speed UEs would rank the HSDN cells lower (and the high-speed UEs would rank the HSDN cells higher). This mechanism is specified in TS 36.304, and the supporting signalling can be found in SIB1, SIB3, SIB4, and SIB5. 
In Rel-15 an enhancement for high-speed operation for CE mode A was added. Measurement gap sharing is used to configure the UE how to split the measurement gaps between inter-frequency and intra-frequency measurements. If the network configures the UE with highSpeedMeasGapCE-ModeA and measurement gap sharing the UE uses more measurement gaps for intra-frequency measurements (and fewer for inter-frequency measurements) than if only measurement gap sharing was configured. 
3	High-speed enhancements for Release 16
The need of a Rel-16 work item [4] to continue where the Rel-14 work item left off is justified by:
-	The lack of CA support for the tighter measurement requirements defined in Rel-14
-	Even higher speeds than addressed in Rel-14
-	Spurious cell re-selection due to RLF
-	Latency in inter-RAT mobility between LTE and UTRA
-	New deployment scenarios (e.g. tunnel scenarios)
The objectives of the Rel-16 work item are 
1.	Extend the RRM/demodulation enhancement to CA in release 14 HST scenario [RAN4/RAN2]
-	At least, extend Rel-14 RRM/demodulation enhancement to CA case 
2.	The following new scenario are considered for non-CA case [RAN4]
[bookmark: OLE_LINK38]-	The target speed is 500km/h
-	SFN scenario defined in TS36.101 and TR36.878 with bidirectional coverage for tunnel and open space 
-	SFN scenario defined in TS36.878 with unidirectional coverage for tunnel and open space
-	More discussion on how to specify the general unidirectional antenna pattern 
-	In addition to SFN scenarios, other deployment scenarios are not precluded
[bookmark: OLE_LINK39]3.	Evaluate the downlink and uplink demodulation performance under the above scenarios, using the existing LTE CRS/DMRS, and study possible enhancements of the downlink and uplink demodulation under those scenarios, aiming to provide inputs to RAN2 if needed [RAN4] 
-	New or modified physical layer reference signals shall not be considered
-	Change for PRACH shall not be considered 
-	The maximum Doppler shift supported by the LTE CRS/DMRS transmission schemes is to be determined by RAN4
-	If RAN4 identifies the necessity for enhancements, define relevant signaling support [RAN4/RAN2]
4.	Investigate the RRM measurement performance in the high speed scenario [RAN4]
-	If RAN4 identifies the necessity for enhancements, define relevant signaling support [RAN4/RAN2]
5.	Investigate the robustness for RLM in the high speed scenario [RAN4]
-	If RAN4 identifies the necessity for enhancements, define relevant signaling support [RAN4/RAN2]
It is also mentioned in the WID that the focus is on improving the receiver without significantly changing the physical layers of LTE. This is reflected in objective 3 where new or modified physical layer reference signals and changes to PRACH shall not be considered. Broadly speaking, RAN4 will perform evaluations and based on the outcomes of those evaluations RAN2 will design new signaling. It is therefore not intended for RAN2 to take any action until RAN4 provides the necessary input.
[bookmark: _Toc7278874]RAN2 to wait for RAN4 input before taking action.
3.1	Possible signaling modifications
Even though RAN2 should wait for RAN4 it is always good to be prepared. By analyzing the objectives, we get a hint of which RRC signaling could be in the scope. 
Objective 1 is basically to extend the signaling to include CA. This means that highSpeedEnhancedMeasFlag (or a variant thereof) would be added to RadioResourceConfigCommonSCell. 
For objectives 2-4 potentially one new parameter for each scenario which requires new requirements would be needed (depending on RAN4 input). The parameter would be similar to highSpeedEnhancedMeasFlag in that it only applies to the PCell and indicates to the UE which requirement to consider. If they are all mutually exclusive it could be realized using an ENUMERATED list, otherwise a set of Booleans could be used.
Objective 5 addresses RLM and the problems of sudden coverage holes which triggers RLF. In RRC this is handled by the RLF-TimersAndConstants (e.g. T310, n310, and n311). Due to the high speed of the UE it should be expected that the duration of the coverage hole should not be very long. There are of course other triggers to RLF (e.g. excessive number of RLC retransmissions or random access problems) for RAN4 to investigate. 
New capabilities corresponding to the new functionality would also be needed.
4	Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to wait for RAN4 before taking action.
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