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1. Introduction

Three soft handover cases for USTS have been investigated in [1]. The first one is Normal to USTS mode, the second one is USTS to Normal mode, and the last one is USTS to USTS mode. In case of handover from USTS to USTS mode, there are two candidate schemes. 

In this contribution, USTS to USTS mode handover schemes are investigated and compared with each other.
2. Candidates for Soft Handover in USTS

Three soft handover cases for USTS have been investigated in [1]. And two candidates have been proposed to support soft handover case 3 in [1].Table 2.1 summarizes these soft handover cases.

Table 2.1. Soft handover cases for USTS
	
	The mode of UE

	Handover Case 
	In original cell
	In SHO region
	In target cell

	Case 1
	USTS
	Normal(O)+Normal(T)
	Normal

	Case 2
	Normal
	Normal(O)+Normal(T)
	USTS

	Case 3
	Candidate 1
	USTS
	USTS(O)+Non-USTS(T)
	USTS

	
	Candidate 2
	USTS
	USTS(O)+Non-USTS(T) (
Non-USTS(O)+USTS(T)
	USTS


<Note> (O): the operating mode with the original cell (T): the operating mode with the target cell
The radio link can be in one of the following three modes. Normal mode means that Node B does not support USTS (R99 or R4). USTS mode means that Node B supports USTS (R5). In non-USTS mode, Node B supports USTS but timing synchronization is not kept any longer. If both the original and target cells support USTS (i.e. Case 3), the candidate 1 or 2 can be operated in R5-Node Bs for soft handover. In this contribution, the procedures and the considerations of candidate 1 and 2 for soft handover are investigated and compared.

In sections 2.1 and 2.2, the soft handover procedure for candidate 2 is described and the differences between candidate 1 and 2 are considered, respectively.
2.1 Procedures for candidate 2

Figure 2.1 shows the handover procedure for candidate 2 in two-cell layout. Assume that both Node Bs are operated in USTS mode. When UE0 enters the soft handover region, the radio link with target Node B #2 is set up in non-USTS mode. Note that only Node B #1 controls the transmit timing of UE0. While UE0 enters the soft handover region, the radio link modes of both links can be changed according to the mode change triggering by UTRAN for the better link performance. If then, the reconfiguration process is required to assign a new scrambling code, a new channelisation code and a new timing adjustment for mode transition from non-USTS to USTS mode in Node B #2. Also mode transition from USTS to non-USTS mode in Node B #1 is required to preserve the reliability from soft handover. Finally, UE0 releases the radio link with [image: image1.wmf] 
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Node B #1 when the UE0 moves out of soft handover region.

Figure 2.1 Two-way soft handover procedure for Candidate 2
2.2 Considerations on candidate 1 and 2

2.2.1 Two-way handover

The candidate 1 and 2 for soft handover need the timing adjustment and code assignment process, in order to operate in USTS mode at target Node B. The criterion that triggers the mode change procedure is different in candidate 1 and 2. 
In candidate 1, it is whether UE exists inside handover region or out of the region. It means the UE keeps the radio link with the original cell site being in USTS mode until it moves out of the coverage of the original cell. When the UE drops the radio link with the original cell, it changes the mode of the radio link with the target cell to USTS mode. 
In candidate 2, the radio link modes of both links can be changed during the soft handover, which improves the performance by providing USTS mode to a better radio link compared to candidate 1. When the mode change triggering point is cell boundary, candidate 2 is the same as candidate 1. And therefore candidate 1 can be seen as a special case of candidate 2. If the change point is anywhere inside the soft handover region, UTRAN can select the proper timing for the reconfiguration process, because it selects the better frame between the two possible candidates within RNC, or knows the number of UEs in USTS mode at each Node B and pilot signal power of each UE from the reception of the measurement[3].
In addition to that, the candidate 2 can provide more reliable USTS link at target Node B, because the UE obtains better channel conditions during the handover process. As well, there would be less interferences of a UE penetrating into target Node B with timing alignment by USTS in candidate 2 comparing with candidate 1.That is because the timing change of target Node B always occurs outside the handover region. 

2.2.2 Three-way handover
[image: image2.wmf] 
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Such effects are more evident in three-way soft handover. Figure 2.2 shows three-cell layout for candidate 1 and 2. Table 2.2 describes the mode changes of radio links established between UE and Node B.

Figure 2.2 (a) Three-way soft handover procedure for Candidate 1
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Figure 2.2 (b) Three-way soft handover procedure for Candidate 2

Table 2.2 The comparison of link status in three-way handover
	
	Candidate 1
	Candidate 2

	
	Node B 1
	Node B 2
	Node B 3
	Node B 1
	Node B 2
	Node B 3

	(1)
	USTS
	Non-USTS
	
	USTS
	Non-USTS
	

	(2)
	USTS
	Non-USTS
	
	Non-USTS
	USTS
	

	(3)
	USTS
	Non-USTS
	Non-USTS
	Non-USTS
	USTS
	Non-USTS

	(4)
	USTS
	Non-USTS
	Non-USTS
	Non-USTS
	Non-USTS
	USTS

	(5)
	
	Non-USTS
	Non-USTS
	
	Non-USTS
	USTS

	(6)
	
	
	Non-USTS
	
	
	USTS

	
	
	
	USTS
	
	
	USTS


Note 

(1) UE adds the radio link with Node B #2.

(2) Only in candidate 2, the link in USTS mode with Node B #1 can be reconfigured to Non-USTS mode. Then, the link in Non-USTS mode with Node B #2 is reconfigured to USTS mode.

(3) UE adds the radio link with Node B #3.

(4) Only in candidate 2, the link in USTS mode with Node B #2 can be reconfigured to Non-USTS mode. Then, the link in Non-USTS mode with Node B #3 is reconfigured to USTS mode.

(5) UE deletes the radio link with Node B #1.

(6) UE deletes the radio link with Node B #2. In candidate 1, the link in Non-USTS mode with Node B #3 is reconfigured to USTS mode.
In candidate 1, after UE deletes the USTS link with Node B #1 mode change is not executed, because it is still in soft handover region. Therefore when UE is in the shadowed area as shown in Figure 2.2 (a), UE has two Non-USTS radio links with Node B #2 and Node B #3 in spite of the soft handover between two USTS cells. This link shape is quite abnormal and not consistent with [2].

In candidate 2, as UE moves from Node B #1 to Node #3 through Node B #2, it can perform mode changes so the good-quality USTS link can be established with proper Node B. As well, there exist more chances to perform the mode change procedure in candidate 2 for three-cell situation than in candidate 1, which can reduce the interferences to target Node Bs and improve the link performances. In this example the candidate 2 looks somewhat complex, but the most complicated case is shown here. One step of reconfiguration can be omitted in step (2) if to the radio link with Node B #1 is better than that with Node B#2. Ping-pong effects could be reduced by hysteresis as a similar manner with the handover method in Release 99. As explained above, the candidate 2 may give more reliable performance. However, complexity is expected to increase because the reconfiguration process needs to happen at original Node B. If USTS to Non-USTS transition in original Node B does not happen, then candidate 2 is the same with candidate 1 except the point that handover takes place inside the handover region. Thus, the candidate 2 is a more general approach of soft handover for USTS.
3. Conclusions

We have discussed soft handover schemes for USTS, in which both original and target Node Bs are operated in USTS. The candidate 2 for soft handover becomes seamless and general, and reduces interferences to target Node B. Thus, the candidate 2 can give more reliable handover performance. However, in WG3’s aspect, the signaling message overhead increases a little bit more due to both links can be changed at the same time. The impacts on WG3 should be quantified to clarify the handover procedures for standardization phase. At present, USTS is a study item, which deals with its feasibility. Thus, there is no reason to limit its study scope into a specific region. As well, the procedure for the candidate 1 is described in detail in [2]. However, the candidate 2 in [1] is not mentioned there. We propose that the mode change and soft handover procedure for candidate 2 should be added to [2].
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