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1. Introduction

In previous RAN4 meetings, unidirectional SFN was proposed to improve the downlink demodulation performance in high speed train scenario. The demodulation and RRM performance of unidirectional SFN was discussed widely for several meetings. In this contribution, analysis on handover in unidirectional SFN will be presented.
2. Discussion
2.1. Handover in unidirectional SFN

From TS36.300 section 10.1.2 and TS36.839 section 5.2.1.1 it can be observed that the handover procedure in RRC_CONNECTED state contains three states:
· State 1: Before the event A3 entering condition, as defined in TS36.331, is satisfied;
· State 2: After the event A3 entering condition, as defined in TS36.331, is satisfied but before the handover command is successfully received by the UE; and

· State 3: After the handover command is received by the UE, but before the handover complete is successfully sent by the UE

The handover procedure can be illustrated in Figure 1. 
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Figure 1 Handover procedure
Here we will analyze the handover in unidirectional SFN state by state. The deployments are informatively given in Figure 2. Note that RRH0 and RRH1 belong to the first SFN group one PCI. RRH2 and RRH3 belong to the second SFN group with another PCI. The first and the second SFN group can be denoted by Cell 1 and Cell 2, respectively. Distance between RRHs denoted by Ds is 1000m. The physically realisable antenna pattern in [1] is used.
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Figure 2 Unidirectional SFN deployments
· State 1

In state 1, UE need to perform cell identification and measurement for neighbour cell. Take the Figure 2 as example, UE travels along the track from Cell 1 toward Cell 2. Once entering Cell 2 coverage, UE has to handover from Cell 1 to Cell 2. Firstly UE has to identify Cell 2. From TS36.133 section B.2.1 one can see the side condition for E-UTRAN intra-frequency measurements is -6dB. According to TS36.133 section 8.1.2.2, Cell 2 in Figure 2 is considered detectable provided the downlink SINR level of Cell 2 is higher than -6dB. 
The SINR level for Cell 2 is presented in Figure 3 (blue curve). Due to the high FBR of the antenna equipped in unidirectional SFN, UE can hardly see the signal from Cell 2 before it enters the coverage. It can be observed that the SINR level is far below -6dB, result in undetectable of Cell 2 in coverage of Cell 1.
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Figure 3 SINR level for Cell 2
As the UE travel along the track toward Cell 2, the RSRP of Cell 2 will raise and fulfil the handover event condition. Note that at this moment, UE locates in the coverage of Cell 2, i.e. at the right side of RRH2 in Figure 2.
· State 2
In this stage, UE should evaluate that whether the handover event condition is still fulfilled during the TTT window. After that, a measurement report would be sent from UE to Cell 1, i.e. RRH1. If the measurement report is received successfully by network, then handover command would be sent from RRH1 to UE to trigger RRC connection reconfiguration. 

The key points in this stage are that whether the measurement report and handover command can be transmitted successfully. From Figure 3 one can see that the SINR level for Cell 1 (red curve) will decrease rapidly once UE pass RRH2. Stage 2 is most likely to happen within the black rectangle in Figure 3, where the SINR level for Cell 1 can be as low as -10dB. Thus it is very challenging for the reception of handover command. The similar problem on the uplink can be foreseen.
Similarly, if UE travel in the opposite direction, handover from Cell 2 to Cell 1 will only occur after UE passes RRH2 and enters Cell 1 coverage, where the source SINR level, i.e. SINR for Cell 2 can be very low.
Observation 1: It’s very challenging for UE to successfully transmit measurement report or receive handover command in unidirectional SFN deployment.
2.2. Handover in overlapping unidirectional SFN
To address the problem in state 2, a possible solution was proposed in [2]. The main idea in [2] is to create an overlapping coverage between SFN groups, which can be seen in Figure 4 as follow:
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Figure 4 Overlapping unidirectional SFN
Note that in order to avoid additional number of sites, RRHs in overlapping area can be co-located. Differential power levels for different RRHs are set.

Table 1: Transmission power of RRHs
	RRH
	Cell 1 RRH n-2
	Cell 1 RRH n-1
	Cell 1 RRH n-0
	

	TX power
	46 dBm
	44.2391 dBm
	41.2288 dBm
	

	RRH
	
	Cell 2 RRH 0
	Cell 2 RRH 1
	Cell 2 RRH 2

	TX power
	
	41.2288 dBm
	44.2391 dBm
	46 dBm


The motivation of creation of this overlapping area is to guarantee that UE can detect Cell 2 and trigger handover successfully when the signal level of Cell 1 is still good enough for the transmission of measurement report and handover command.

The RSRP level from Cell 1 and Cell 2 can be seen in Figure 5
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Figure 5 RSRP level in overlapping unidirectional SFN
It can be observed that handover will takes place within the black rectangle in Figure 5. The SINR level can be found in Figure 6 which can be considered good enough for the transmission of measurement report and handover command. Thus the problem raised in section 2.1 state 2 can be solved.
Observation 2: An overlapping area can be created to address the measurement report and handover command issues in unidirectional SFN deployments.
However, if we observe the handover zone carefully, it can be seen that within the black rectangle in Figure 5 the RSRP from Cell 1 and Cell 2 are very close. RSRP from Cell 2 is higher than that from Cell 1 but the difference is limited. The RSRP difference usually can be smaller than 1dB. Note that the RSRP and SINR level in figures above are calculated only based on the large fading. In reality, due to small scale fading, the measurement result may fluctuate around the curves in figures above. The overlapping distance is so long (up to 2km) that pingpong handover number maybe increased. In real practice L1 filtering and TTT window are used to alleviate the pingpong handover. But in high speed train scenario the channel will vary rapidly. The contribution of L1 filtering is quite limited. 
Observation 3: Potential pingpong handover issue needs to be considered in overlapping unidirectional SFN deployments.
In overlapping unidirectional SFN, once UE enter the overlapping area it can receive signals both from Cell 1 and Cell 2. The transmit power of these two cells are differentiated by 3dB. It means that UE may suffer strong interference within the overlapping area. From Figure 6 one can see that the serving SINR within the overlapping zone is from 0dB~5dB, which is good enough to guarantee the transmission of measurement report and handover command, but it is not a good condition for traffic data, especially for video business. 

[image: image6.png]SINR level (dB)

40

3

30

20

15

10

—— SINR for Cell 1
—— SINR for Call 2

500 1000 1500 2000 2500 3000 3500 4000
Distance (meter)




Figure 6 SINR level in overlapping unidirectional SFN

Observation 4: Serving SINR level in overlapping area is quite low compared with non-overlapping unidirectional SFN deployment.
In real practice, the maximum number of RRH connected to one BBU is limited. Thus in order to reach the same coverage of each BBU as non-colocated deployment, more BBUs need to be deployed in co-located deployment. For example, assume that one BBU can support at most six RRHs, then 20% more BBUs are needed. A possible solution to address this issue is to enhance the capability of BBU to support more RRHs. But this may introduce more complexity and cost.
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Figure 7 
Observation 5: Co-located RRH deployment in handover zone may reduce the coverage of each BBU.
In order to avoid additional site number, the RRHs from different SFN group in the overlapping zone can be co-located, e.g. Cell 1 RRH N-1 and Cell 2 RRH 0 in Figure 4 are co-located. From Table 1 we can see that the transmit power of RRHs are differentiated by several level. Power of Cell 1 RRH N-1 is 1.7609dB lower than normal one. Power of Cell 2 RRH 0 is 4.7712dB lower than normal one. Thus the coverage of C1 RRH #N-1 and C2 RRH #1 would shrink. Considering co-located deployment, the coverage should be designed according to the small one, i.e. C2 RRH #1. It means that the site distance in the overlapping area will shrink with -4.7712dB. The consequence is that the total site number would be increased compared with non-overlapping unidirectional SFN deployment.
Observation 6: Due to differential power levels configured for RRHs in the overlapping area, the site distance in overlapping area will shrink by several dB. This might result in the increase of total site number.
3. Conclusions

In this contribution, we provide detailed analysis on handover in unidirectional SFN deployment. Some observations are summarized as follow:
Observation 1: It’s very challenging for UE to successfully transmit measurement report or receive handover command in unidirectional SFN deployment.
Observation 2: An overlapping area can be created to address the measurement report and handover command issues in unidirectional SFN deployments.
Observation 3: Potential pingpong handover issue needs to be considered in overlapping unidirectional SFN deployments.
Observation 4: Serving SINR level in overlapping area is quite low compared with non-overlapping unidirectional SFN deployment.
Observation 5: Co-located RRH deployment in handover zone may reduce the coverage of each BBU.
Observation 6: Due to differential power levels configured for RRHs in the overlapping area, the site distance in overlapping area will shrink by several dB. This might result in the increase of total site number.
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