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1. Introduction

The mobility issue for massive small cell deployment was discussed and some solutions have been analyzed in [1] and [2].
In this paper we further discuss the mobility issue of massive deployment of small cells and some solutions are suggested.
2. Discussion
2.1 Mobility issue of massive deployment of small cells
According to the analysis in [2], there are mobility issues in Scenario 2 and scenario 3.
	
	PSC allocation method and whether PSC is in the NCL or not
	Issue

	Scenario 1
	Allocate unique PSC to each small cell in the coverage of macro cell and all the small cells could be placed in the NCL.
	No issue

	Scenario 2
	Allocate unique PSC to each small cell in the coverage of macro cell and not all the small cells could be placed in the NCL.
	the measurement requirement could not meet the handover performance

	Scenario 3
	Allocate unique PSC to each small cell in the coverage of macro cell and all the small cells could be placed in the monitor set.
	the measurement requirement could not meet the handover performance

	Scenario 4
	Some of the small cells in the coverage of macro cell share the PSC, i.e., PSC is multiplexed, and all the small cells could be placed in the NCL because the number of the small cell is more then the spared space in the NCL.
	PSC confusion issue during the handover from the macro to the small cell


Table 1 the potential PSC allocation scenarios of the small cell
In case of Scenario2, the PSC of the small cells are unique in the coverage of the macro cell, and not all the small cells are placed in the NCL. For the co-channel and dedicated frequency deployment, according to the measurement performance requirement in TS 25.133, UE could be able to identify a new detectable cell not belonging to the monitored set in 30s. This could not meet the handover performance requirement both in co-channel and in dedicated frequency deployment. Because of the intra-frequency interference, if UE could not timely detect the small cell, then the handover failure or the ASU failure would happen. 
Therefore the following observations could be achieved; corresponding considerations for the possible enhancement could follow this direction:

Observation 1: The measurement requirement for the detected set can not fulfil the handover requirement.
In case of Scenario3, the PSC of the small cells are unique in the coverage of the macro cell, according to the measurement performance requirement in TS 25.133, UE is able to monitor up to 32 intra frequency FDD cells, if the number of the small cells is more than 32, then measurement requirement could not fulfil the handover requirement. Further, if the size of the NCL could be extended, e.g., from 32 to 64, the measurement requirement should be updated accordingly.
Observation 2: The measurement requirement for the monitor set can not fulfil the handover requirement if the number of the cells in the monitor set is more than 32.
In case of scenario4, the small cells in the coverage of macro cell share the PSC and those shared PSC of the small cells are placed in the NCL of the macro cell. When UE performs handover from the macro cell to the PSC-shared small cell, if the network can not determine the correct and unique target cell of that PSC, the handover failure happens.  
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Figure 1 PSC confusion issue of massive small cell deployment

As PSC confusion issues were already discussed in H(e)NB/CSG related WI, here the similar mechanism could also be considered. In case Intra-frequency, UE first reports the CSG proximity indicator, then the network sends the measurement configuration for the small cells and the SI acquisition indicator to UE if needed, UE reports the PSC and the Cell ID if SI acquisition is required, similar procedure also applies to dedicated inter-frequency deployment case.
Here if proximate indication and SI acquisition are to be re-used in HetNet mobility procedure, further investigations are needed due to the difference between H(e)NB/CSG and small cell deployment. 
One point here is the service continuity, for H(e)NB/CSG, to get the user to be served by its accessible H(e)NB/CSG is the main target while the service interruption is not emphasized due to the fast radio quality deterioration between outdoor and indoor, while for small cell deployment, it is mainly outdoor deployment, hence the service continuity is a key point, while the SI acquisition brings considerable delay and transmission interruption according to the definition in TS25.133. 
Another point is the mechanism for proximity indication, since the small cells have no CSG feature in which the “my accessible” or closed is a useful info for fingerprint implementation, however UE can have access to all the small cells in HetNet scenario, the fingerprint information for the small cell needs further investigation. 
Observation 3: the proximity indication mechanism for the small cell needs to be further investigated if the inbound mobility procedure for HNB is to be reused.
Observation 4: the inbound handover procedure for the HNB brings the additional handover delay and additional signalling overhead in HetNet, compared to the handover between the macro cells.
For the UE not supporting the neighbour cell SI acquisition capability, there is a network implementation method for PSC disambiguation in RNC or in HNB GW in the informative annex of the HNB Stage 2 TS 25.467. 
The HNB GW or the source RNC record the difference of the SFN-CFN observed time difference (ODT) information when UE handover from the HNB cell to the macro cell. The HNB GW or the source RNC makes the PSC disambiguation based on the historical difference of the ODT information between the macro cell and the small cell. 
The solutions may bring the handover failure because there are two factors which could cause the disambiguation failure:

· The timing of the cell is random when the NodeB starts, and therefore the ODT between cells could be overlapped. 
· The timing of the cell could drift, and therefore the ODT between cells could be overlapped. 

The above factors also exist in the small cell, therefore the solution may bring handover failure during the handover from the macro cell to the small cell in HetNet.
Observation 5: the network implementation method for PSC disambiguation may bring the handover failure in HetNet.
When UE reports the PSC to the SRNC, then the SRNC send the UE Uplink configuration information to the target RNC, the target RNC send the uplink detection request to the small cell NodeBs of the PSC including the information, the small cell NodeB tries to detect the uplink of the UE and send the measurement result to the TRNC, the TRNC determines the unique target cell based on the measurement. 
After the study in Rel-11 HNB mobility enhancement, the solution can work better than the network implementation method in TS 25.467 from the point view of the handover successful rate, and there is no UE impact, the RAN3 specification impact has been identified. 
Observation 6: the method for PSC disambiguation based on network detection has RAN3 specification impact in HetNet.
2.2 Possible solution options
Based on the analysis and observations above, we could basically list the some solution options, option 1 and option 2 apply to the non-multiplex PSC case, Option 3, 4a, 4b and 5 apply to the PSC multiplex case:
Option 1: Allocate the unique PSC for the small cell in the coverage of the macro cell and extend size of the NCL more than 32, and place the PSC of each small cell to the NCL of the macro cell.
Option 2: Allocate the unique PSC for the small cell in the coverage of the macro cell and some small cells could not be placed in the NCL because the number of the neighbour cells is more than size of the NCL, the UE could detect u the small cells using the intra/inter-freq detected set operation.
Option 3: The PSC of some small cells are multiplexed and placed in the NCL, the UE first reports the CSG proximity indicator, then the network sends the measurement configuration for the small cells and the SI acquisition indicator to UE if needed; then the UE reports the PSC and the Cell ID if SI acquisition is required.
Option 4a: The PSC of Some small cells is multiplexed and it is placed in the NCL. The DRNC records the difference of the SFN-CFN observed time difference (ODT) information when UE handover from the HNB cell to the macro cell. The DRNC makes the PSC disambiguation based on the historical difference of the ODT information between the macro cell and the small cell.
Option 4b: The PSCs of some small cells are multiplexed and are placed in the NCL. The SRNC records the difference of the SFN-CFN observed time difference (ODT) information when UE handover from the HNB cell to the macro cell. The SRNC makes the PSC disambiguation based on the historical difference of the ODT information between the macro cell and the small cell.
Option 5: The PSC of Some small cells is multiplexed and it is placed in the NCL. When UE reports the PSC to the SRNC, then the SRNC sends the UE uplink configuration information to the target RNC, the target RNC sends the uplink detection request to the small cell NodeBs of the PSC including the information, the NodeB measures the uplink of the UE and sends the measurement result to the TRNC, the TRNC determines the unique target cell based on the measurement.
2.3 Comparison of the potential solutions

The same issue has been discussed in Rel-9 HNB Inbound mobility WI and Rel-11 HNB enhancement mobility WI, some solutions in 2.2 has been discussed in HNB, and the following is the comparison of the solutions in 2.2:

	
	UE measurement requirement impact
	Handover performance
	Specification impact 
	Impact node
	complexity

	Solution 1
	YES: higher level of the measurement requirement for the cell in the detected set
	FFS: Depending on the measurement requirement
	RAN 4
	UE
	Low: 

1.UE measurement capability introduced

	Solution 2
	YES: higher level of the measurement requirement for cell in the monitor set
	FFS: Depending on the measurement requirement
	RAN2, RAN4
	UE, RNC
	Middle: 

1. UE measurement capability introduced

2. Extend the monitor set

	Solution 3
	No
	Additional handover delay and additional signalling overhead.
	RAN2
	UE, RNC
	Middle: proximity indicator function enhanced.

	Solution 4a
	No
	Handover failure may happen in case he ODT between cells could be overlapped.
	RAN3
	RNC
	Middle:

1. Maintain the ODT between the macro cell and the small cell when UE handover from the small cell to the macro cell

2. PSC disambiguation in the SRNC based on the ODT database and source PSC and the target PSC

	Solution 4b
	No
	Handover failure may happen in case he ODT between cells could be overlapped.
	RAN3
	RNC
	Middle.

1. Maintain the ODT between the macro cell and the small cell when UE handover from the small cell to the macro cell.

2. PSC disambiguation in the TRNC based on the ODT database and the source PSC and the target PSC.

	Solution 5
	NO
	No impact on the Handover performance 
	RAN3
	RNC, NodeB
	Middle.
1. SRNC send the UE Uplink configuration to the TRNC

2. TRNC send the UE Uplink detect Request to the NodeB

3. The NodeB send the detect result to the TRNC

4. SRNC determines the target cell based on the detect result


For the operators, the small cell deployment maybe another thing which is different from the HNB cell deployment since. And according to the analysis above, the solutions specified in the HNB could not work well in the Hetnet. Therefore it is proposed to study the issue and find the best solution to resolve the issue in the Hetnet.
Proposal 1: It is proposed RAN2 to study the mobility issue of massive deployment of small cells and discuss the possible solutions.
3. Conclusions
In this document we give an analysis of the mobility issue of massive small cell deployment and consideration of the enhancement on the issue. 
Proposal 1: It is proposed RAN2 to study the mobility issue of massive deployment of small cells and discuss the possible solutions.
4. References

[1] R2-130161, “Discussion on Mobility Aspects for HetNet”, Huawei, HiSilicon
[2] R2-130159, “Discussion on Mobility issues of massive deployment of small cells”, Huawei, HiSilicon






1/6

_1419933186.vsd
             PSC=1


       
        PSC=2


PSC=2


PSC=2


CN


RNC


Measurement Report
（PSC=2）


Which small cell？



