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1	Introduction
The WID [1] is aimed to enhance performance of Rel-15 high speed train (HST) scenarios. In Rel-15 TS 36.104, the HST scenarios do not utilize other means (e.g., repeaters or relays aboard train carriages). UEs on the HST are directly connected to an eNB. Consequently, the UE-eNB link can suffer from high penetration loss. The link is further degraded by potential inter-carrier interference caused by high Doppler shift. CA as outlined in [1] is one way to overcome the performance degradation.        

Referring to Rel-15 TS 36.104, HST considers a Single Frequency Network (SFN) deployment for E-UTRAN. Based on this SFN E-UTRAN network, possible deployment scenarios with CA are discussed in this document.  
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2.1 Rel-15 HST 
In Rel-15 TS 36.104, Section B.3A, the E-UTRAN network for HST is a SFN, where multiple RRHs are placed along high speed railway tracks. The RRHs are in turn connected to one BBU through optical fibres. Figure 1 illustrates a Rel-15 LTE SFN deployment for HST for a single component carrier.     
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Figure 1: HST-SFN deployment
The HST-SFN deployment supports only a single component carrier, which can suffer from low throughput due to high penetration loss of vehicles and potential inter-carrier interference caused by large Doppler shift. As outlined in [1], CA is used to increase user throughput.    
2.2 HST with CA
From Rel-15 TS 36.300, J.1, five deployment scenarios are identified for CA. Table 1 lists which scenarios are suited for HST. 
Table 1: Applicability of CA deployment scenarios to HST
	Scenario
	Description
	HST

	1
	F1 and F2 cells are co-located and overlaid, providing nearly the same coverage. Both layers provide sufficient coverage and mobility can be supported on both layers. Likely scenario is when F1 and F2 are of the same band, e.g., 2 GHz, 800 MHz, etc. It is expected that aggregation is possible between overlaid F1 and F2 cells.
	SCells (F2) provide the same coverage as PCells (F1) as shown in Figure 2. RRHs share the same SCell ID and PCell ID. 

	2
	F1 and F2 cells are co-located and overlaid, but F2 has smaller coverage due to larger path loss. Only F1 provides sufficient coverage and F2 is used to improve throughput. Mobility is performed based on F1 coverage. Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that aggregation is possible between overlaid F1 and F2 cells.
	This is not suitable for HST as SCells (F2) are not arranged to provide continuous mobility.

	3
	F1 and F2 cells are co-located but F2 antennas are directed to the cell boundaries of F1 so that cell edge throughput is increased. F1 provides sufficient coverage but F2 potentially has holes, e.g., due to larger path loss. Mobility is based on F1 coverage. Likely scenario is when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that F1 and F2 cells of the same eNB can be aggregated where coverage overlaps.
	This is the same as Scenario 2.

	4
	F1 provides macro coverage and on F2 Remote Radio Heads (RRHs) are used to improve throughput at hot spots. Mobility is performed based on F1 coverage. Likely scenarios are both when F1 and F2 are DL non-contiguous carrier on the same band, e.g., 1.7 GHz, etc. and F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that F2 RRHs cells can be aggregated with the underlying F1 macro cells.
	This can be applied to HST with slight modifications to SCell arrangement to ensure coverage and mobility. One PCell overlays several SCells as shown in Figure 3. RRHs share the same PCell ID and SCell ID.

	5
	Similar to scenario #2, but frequency selective repeaters are deployed so that coverage is extended for one of the carrier frequencies. It is expected that F1 and F2 cells of the same eNB can be aggregated where coverage overlaps.
	This scenario is equivalent to placing repeaters (or relays) on train carriages. SCells are provided by the repeaters which serve users on the HST. Each onboard SCell can use a different Cell ID. Users can receive signals from both RRHs and repeaters, and vice versa. The onboard repeaters can simply be a L1 repeater.  
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Figure 2: HST-SFN deployment for CA Scenario 1
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Figure 3: HST-SFN deployment for CA Scenario 4
								
3	Conclusions
The document has studied potential deployment scenarios for CA, which are applicable to HST. From the outcome of our studies, the following scenarios are suited for HST:

· Scenario 1: SCells (F2) provide the same coverage as PCells (F1) as shown in Figure 2. RRHs share the same SCell ID and PCell ID.

· Scenario 4: This can be applied to HST with slight modifications to SCell arrangement to ensure coverage and mobility. One PCell overlays several SCells. RRHs share the same PCell ID and SCell ID.

· Scenario 5: This scenario is equivalent to placing repeaters (or relays) on train carriages. SCells are provided by the repeaters which serve users on the HST. Each onboard SCell can use a different Cell ID. Users can receive signals from both RRHs and repeaters, and vice versa. The onboard repeaters can simply be a L1 repeater.    
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