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1 Introduction
In RAN4#74, discussion started on the study item for high speed train, and a way forward and scenarios were agreed. In this contribution we provide further views on RRM and RLM requirements
2 Discussion

Many of the scenarios for high speed train in [2] involve use of the same cell ID in different sectors/sites and as such normal mobility procedures are not applied when moving between network sites. Nevertheless, we would like to emphasise that the same cell ID is typically only used for a fairly small number of network nodes. For example, in [2] scenario 1, it is indicated that the cell ISD is 2-6km (2-6 RRHs connect to 1 BBU). Therefore, cell ID changes are still important and independent of scenario handover needs to be performed for high speed train deployments. Since the UEs will cover a large distance in a short time, the handover rate is likely to be high regardless of the RRH deployment. For example, in scenario 1 with 6km ISD and 350km/h speed, handovers still occur at a rate of approximately one per minute. Hence it is very important that RRM procedures are robust and reliable and this can be ensured by specifying appropriate requirements. Similarly, it needs to be verified that UEs make suitable RLM evaluations in high speed train environments to avoid, for example, unnecessarily going to radio link failure state.
Observation 1 : It is important to specify requirements for RLM and RRM in high speed environments.

Considering the channel modelling for RRM (which is intended to cover at least cell search and measurement accuracy), one aspect which is of considerable importance for high speed train scenarios is that the UE is moving away from the serving network node (or RRH group) and towards the candidate network node (or RRH group). The implication is that the serving cell will be received at the UE antenna port with a negative Doppler shift (lower frequency) while the target cell is received with a positive Doppler shift (higher frequency).

Typically, UEs implement an automatic frequency control (AFC) feedback loop which corrects the UE reference frequency to track the downlink frequency of the serving cell. As this reference will be used for the receiver during intrafrequency neighbour cell search and measurement, the cell detection and measurement algorithms need to cope with a considerable frequency error – greater than the actual Doppler shift being experienced by the UE.
This is illustrated in figure 1
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Figure 1 : Handover scenario

As the UE moves from cell 1 to cell 2, the rate of change of Doppler frequency is at its minimum, but the absolute Doppler shift is at its maximum. If we consider that both cell 1 and cell 2 propagation conditions may be modelled by the HST channel model, Doppler trajectories are shown for HST860 in figure 2. The handover region is represented by the green rectangle.
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Both the connection to cell 1 and cell 2 undergoes a large frequency transition as the UE passes the cell site; however the conditions where handover will occur is not as the UE passes either cell site, but rather occurs when the UE is approximately midway between the sites. 
Based on this, we make the following observations

Observation 2 : For RRM measurements in high speed train environment it is important to verify that the UE is able to detect and measure accurately a neighour cell which has a Doppler shift in the opposite direction to the serving cell.

Observation 3 : For RLM measurements, modelling of the serving cell with a suitable high speed model is sufficient

Our expectation is that suitable channel models to verify demodulation in high speed train environments for UE speeds up to 350km/h will be discussed and agreed in the study. For example, in [3] we proposed that the existing high speed train channel model was reused and for a speed of 350km/h on band 7 or band 41, the corresponding Doppler frequency is approximately 872Hz. 
In the context of RLM, the HST model may be reused directly according to observation 3. PCFICH/PDCCH decoding may be simulated using this channel model to determine SNR corresponding to Qin and Qout. The final stage of the work would be to disucss any necessary implementation margins, keeping in mind that a UE must meet existing RLM requirements and test cases in annex A, in addition to any new test which is introduced for HST.

Proposal 1 : RLM requirements are tested using HST channel model
For RRM, a channel model must be applied to both the serving cell and the neighbour cell. According to observation 2, it is necessary to be careful about the timing at which the channel model is applied to each cell, such that the UE does not experience the same Doppler shift for the serving cell and the neighbour cell. Moreover, any switching of cell power levels to trigger a measurement report should be done in a way which is physically meaningful considering the practical scenario.

Considering the use of HST channel model, the following test procedure could be envisaged. In this test, we assume a UE velocity of 350km/h = 97.2ms/s and an intersite distance of 1km, implying that the UE takes approximately 10.28s to pass between cell sites.  The corresponding Doppler shift alternates between approximately +872Hz when the UE is travelling towards cell sites, and -872Hz when the UE is travelling away from cell sites.
Proposal 2 : The following procedure is used for verifing cell detection and measurement accuracy
1. UE starts the test in RRC connected state connected to cell 1, cell 2 is powered off.
2. After T1 = (10.28 / 2)s the attenuation of cell 2 is set such that it should trigger event A3 (neighbour cell becomes offset better than serving). 

3. During T2=(10.28 / 2)s, the UE reports event A3 for cell 2 and the test equipment responds by performing handover to cell 2, and powering  off cell 1. Cell identification requirement for cell 2 is verified on the reported A3 event.
4. At the end of T2, cell 2 undergoes a negative to positive Doppler transition (following HST channel model trajectory)
5. After T3 = (10.28 / 2)s, the attennuation of cell 1 is set such that it should trigger event A3 (neighbour cell becomes offset better than serving). The PCI of cell 1 is changed to be different from that used in T1

6. During T4==(10.28 / 2)s, the UE reports event A3 for cell 1 and the test equipment responds by performing handover to cell 1, and powering  off cell 2. Cell identification requirement for cell 1 is verified on the reported A3 event.

7. At the end of T4, cell 1 undergoes a negative to positive Doppler transition (following HST channel model trajectory)

8. Repeat from step 2, using a different PCI for cell 2
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Figure 2 : Example Frequency profile of cells during the proposed test
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Figure 3 : Example Power profile of cells during the proposed test

Considering the conditions when the cell is detected, it may be feasible, for simulation purposes, to model the neighbour cell to be detected with a fixed frequency shift of -2fd compared to the serving cell. Both cell detection and mesurement accuracy may potentially be checked in the same testcase.
3 Conclusions


In this contribution, we discuss requirements for RRM and RLM in high speed train condition up to 350km/h.
Observation 1 : It is important to specify requirements for RLM and RRM in high speed environments.

Observation 2 : For RRM measurements in high speed train environment it is important to verify that the UE is able to detect and measure accurately a neighour cell which has a Doppler shift in the opposite direction to the serving cell.

Observation 3 : For RLM measurements, modelling of the serving cell with a suitable high speed model is sufficient

Based on the observations we make the following proposals

Proposal 1 : RLM requirements are tested using HST channel model
Proposal 2 : The following procedure is used for verifing cell detection and measurement accuracy
1. UE starts the test in RRC connected state connected to cell 1, cell 2 is powered off.

2. After T1 = (10.28 / 2)s the attenuation of cell 2 is set such that it should trigger event A3 (neighbour cell becomes offset better than serving). 

3. During T2=(10.28 / 2)s, the UE reports event A3 for cell 2 and the test equipment responds by performing handover to cell 2, and powering  off cell 1. Cell identification requirement for cell 2 is verified on the reported A3 event.

4. At the end of T2, cell 2 undergoes a negative to positive Doppler transition (following HST channel model trajectory)

5. After T3 = (10.28 / 2)s, the attennuation of cell 1 is set such that it should trigger event A3 (neighbour cell becomes offset better than serving). The PCI of cell 1 is changed to be different from that used in T1

6. During T4==(10.28 / 2)s, the UE reports event A3 for cell 1 and the test equipment responds by performing handover to cell 1, and powering  off cell 2. Cell identification requirement for cell 1 is verified on the reported A3 event.

7. At the end of T4, cell 1 undergoes a negative to positive Doppler transition (following HST channel model trajectory)

8. Repeat from step 2, using a different PCI for cell 2
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