3GPP TSG-RAN WG4 Meeting #78bis



                                                  R4-161883
San Jose Del Cabo, Mexico, April 11 - 15, 2016
Agenda item:
7.12.3
Source: 
ITRI
Title: 
UE downlink performance investigation for HST unidirectional SFN.
Document for:
Discussion and Decision
1 Introduction 
One of the objectives for the WID on performance enhancement for high speed scenario is to enhance the downlink performance under the SFN scenario and specify the corresponding requirements. It was known that the Doppler spread channel will result in performance degradation for bidirectional SFN. However, the echo channel induced by unidirectional SFN may also result in performance degradation.
In last meeting, we have contributed the channel power delay profile measurement results of unidirectional SFN for HST scenario. It was observed that an equal power with large delay spread channel will be happened under unidirectional SFN when UE close to another RRU [1].
In this contribution, the UE downlink performance for HST SFN scenarios under unidirectional RRH deployment will be investigated. 
2 Experimental Test for HST Unidirectional SFN
The test environments are shown as Fig. 1. There are 4 remote radio unit (RRU) which shared the same cell ID deployed along the railway of Taiwan High Speed Rail (THSR) at site B, C, D, and E equipped with one directional antenna separately except site B. Therefore, the region from antenna #2 to antenna #5 forms a unidirectional SFN. In this test, the train is moving at speed of 300 km/hr from north to south as shown in Fig. 2. The field trail results will be provided in next section.
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Fig. 1 Experimental test of unidirectional RRH deployment at Taiwan high speed railway
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Fig. 2 Train speed during experimental test
3 Field Trail Results and Analysis
An OFDM based system is conducted in this field trail. The maximum Tx power of RRU is configured at 36 dBm and the downlink MCS is fixed at 16QAM. The field trail results of RSSI and throughput are shown in Fig. 3. It can be observed that there is a throughput degradation as well as RSSI drop when UE passing one antenna in unidirectional SFN scenario. 
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Fig. 3 RSSI and throughput measurement results for unidirectional RRH deployment
Observation 1: There is a throughput degradation when UE passing one antenna in unidirectional SFN scenario
The possible issues for the performance degradation include: 
A. Equal power with long echo delay channel
B. Doppler shift from opposite directions
Figure 4 further shows the measured channel power delay profile at the location between site E and site D which illustrates why the severe performance degradation happened. Both multipath delay spread and Doppler spread from opposite directions impair the UE performance.
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Fig. 4 Measured channel power delay profile at the location between site E and site D
To validate the possible issue of performance degradation, a laboratory experiment is conducted to evaluate the TCP throughput performance over 2-tap echo channel by varying echo delay channel power at different normalized delay time. Results show that there is a TCP throughput degradation when the 2-tap channel has equal power with the delay time of 1/2 GI.
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Fig. 5 TCP throughput performance under different echo channel
Observation 2: The echo channel (2-tap) with equal power and large delay time will result in UE demodulation performance degradation. 
Proposal: The UE demodulation performance for unidirectional SFN should be improved when UE approach one antenna.
4 Conclusions 
In this contribution, the field trial results of UE downlink throughput performance for HST unidirectional SFN has been provided. The possible issues for the performance degradation are analysed and have the following observation and proposal.
Observation 1: There is a throughput degradation when UE passing one antenna in unidirectional SFN scenario.
Observation 2: The 2-tap echo channel which has equal power with large delay will result in UE demodulation performance degradation.
Proposal: The UE demodulation performance for unidirectional SFN should be improved when UE approach one antenna.
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