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1 Introduction

The main concept of Heterogeneous Networks study item [1] is to improve the coverage and capacity in UMTS. 

In this contribution, mobility issues in Heterogeneous Networks are analysed and discussed, which should be further investigated by 3GPP WG2. 

2 Mobility Issues of LPN deployment 
2.1 Primary scrambling code confusion
The Primary Scrambling Code (PSC) configured for a cell is used as an identifier in mobility related procedures. It is important for a UE that the neighbouring cells are configured by different scrambling codes in order to correctly perform cell search or handover between cells. Limited by 3GPP constraints, there are a total of 512 available PSCs, which are divided into 64 groups by including 8 codes in each group. In the cell search procedure, the detection of PSC is a key procedure. The UE firstly determines the PSC group to which the target cell belongs and then in a subsequent phase, the UE correlates with each scrambling code of the group and identify the P-CPICH channel. The scrambling code that can be detected properly would be assumed as the PSC of a target cell.

The number of deployed cells in a UMTS system could be more than the available PSC resources; hence, it is necessary to reuse PSC resources. The cells which share the same PSC code would be ideally isolated in the coverage viewpoint. In Heterogeneous Networks, depending on the LPN deployment density, PSC’s might more often need to be reused in certain cases. When a UE identifies and reports a PSC as a handover target in a Measurement Report message, an RNC may have multiple cell targets with the same PSC, and the RNC will not be able to resolve the ambiguity of the handover target, hence a handover failure may occur or the RNC may establish a RL in a wrong cell.

Figure 1 shows a scenario of two cases of “PSC confusion” in Heterogeneous Networks:
1. The UE measures and reports PSC 2 to the network (NW) and, the NW has two entries for a potential target cell according to its known neighbor relations (NR).
2. The UE measures and reports PSC 3 to the NW, and the NW does not find this particular PSC according to NW’s known NR (thus, Cell Identity unknown). 
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Figure 1: A scenario for two cases of PSC confusion in Heterogeneous Networks 
For case 1 a good network cell planning is needed to ensure efficient reuse of PSCs for LPNs, where at least LPNs inside the same macro cell coverage have different PSCs. 
While good planning is essential to avoid “PSC confusion”, there may be certain deployments in which LPNs need to share PSCs. For example, the simplest deployment scenario may be to deploy LPNs so that LPNs share the same PSC and they are very well isolated from each other. This is not the typical PSC allocation for dense LPNs deployments since it will be difficult to ensure good isolation among cells.
Observation 1: A proper cell planning is needed to ensure efficient re-use of PSCs for LPNs.
If the UE reports the cell identity together with the PSC in the measurement report message, the “PSC confusion” could be avoided, since the RNC would know exactly what cell that the UE is targeting to report by checking both PSC together with the cell id.
To report the cell identity the UE need to acquire SIB3. In CELL_DCH, however, the UE is not required to read the SIBs. Even in the case the UE could read system information in CELL_DCH few aspects need to be taken into account and further investigated. 

· SIB reading may take several hundreds of milliseconds. First, the UE may have to read the MIB, locate the position of SIB3, and wait for the network to schedule it and transmit it. To ensure a minimum delay, the network may need to schedule SIB3 as often as the MIB (i.e. every 80 ms).
· If the UE is required to read the SIB of any cell which the UE detects, UE battery life may be impacted.
Observation 2: Further investigation is needed if cell identity report can be considered as a potential solution to resolve the “PSC confusion – when the UE measures and reports a PSC to the NW and, the NW has two entries for a potential target cell according to its known NR” problem considering the issues including the SIB reading delay and the extra power consumption due to SIB reading.
In addition the neighbour cell list expansion could help to resolve case 1 of the PSC confusion problem as described in section 2.2.
Case 2 above may happen when a UE measures and reports a PSC to the NW, but the NW does not map or recognise that particular PSC to a cell which should be in the NCL, e.g. Cell Identity is unknown.. The network can configure ANR to reduce the probability of the PSC confusion, where the UE reports PSCs which are not included in the neighbour cell list (NCL) for inter and intra frequency. This is done on a best effort basis when the UE is in idle mode, CELL_PCH or URA_PCH states and there are no measurement requirements in [3]. 
Observation 3: ANR reporting could help to resolve PSC confusion problem (the PSC unknown by RNC).
2.2 Neighbour cell list size limitation

According to Universal Subscriber Identity Module USIM parameters in [3], the maximum number of neighbour cells per frequency is limited to 32 intra-frequency and 32 inter-frequency, which means that current standard limits the NCL to 32 per frequency. 
As defined in [2], cells that the UE is monitoring are grouped in the UE into three categories:

1. Cells, which belong to the active set. User information is sent from all these cells, the cells in the active set are involved in soft handover. The UE shall only consider those active set cells included in the variable CELL_INFO_LIST for measurement; i.e. active set cells not included in the CELL_INFO_LIST shall not be considered in any event evaluation and measurement reporting.

2. Cells, have been identified as possible candidates for HO but have not been included in the active set, but are included in the CELL_INFO_LIST belong to the monitored set, which is also referred as NCL
3. Cells, detected by the UE, which are neither in the CELL_INFO_LIST nor in the active set belong to the detected set. Reporting of measurements of the detected set is only applicable to intra-frequency and inter-frequency measurements made by UEs in CELL_DCH state.

With the introduction of Heterogeneous Network, the NCL may need to be extended to ensure that the LPNs can be included in the NCL. The LPNs that need to be included in the NCL, i.e. monitored set cells, are assumed to be those within the coverage area of the Macro cell. If a LPN is located on the border of two Macro cells then probably this LPN would be part of both Macros’ NCLs. In case of dense LPN deployment, the NCL may need to be extended considerably to fit all the LPNs.  RAN4 requirements may need to be revisited too in order to account for such deployments, but even if the NCL is extended in REl-12 the current RAN4 measurements requirements to identify intra frequency measurements should be kept unchanged as specified in [2], so the UE shall be capable of performing CPICH measurements for 8 identified-intra-frequency cells of the monitored set and/or the active set even with the extended NCL. 
A more reasonable deployment, as described above, may be a few LPNs which share the same PSC or a limited set of PSCs is allocated to LPNs. In this case, the NCL may have a limited amount of entries due to LPNs. In this case, the NCL extension of just a few more entries may be sufficient. 
Proposal 1: Discuss whether there is a need to extend the NCL and, in such case, discuss the extension needed. 
3 UE speed based mobility in Heterogeneous Networks  

It has been demonstrated in [4] that the Enhanced Serving Cell Change (ESCC) procedure can guarantee a robust HO performance in Heterogeneous Networks, and should be applied as a baseline feature. At higher speeds, fulfilling the HO delay target becomes more challenging when UE moves through the area covered by LPN cells. This issue is somewhat less problematic for ESCC than SCC, since ESCC will have a faster HO than SCC in nature. However, it is still difficult to avoid this issue completely. 

Observation 4: Fulfilling of the HO delay target might be an issue when UE passes through LPNs at high speed.
A general rule is to keep the UE on Macro and not to handover it to LPN if the UE moves above a certain speed. Hence, Mobility State Estimation (MSE) information would be useful so that the network can configure measurements with suitable parameters e.g. Time To Trigger (TTT).
It is common that UE’s have an embedded GPS receiver which could provide mobility information to the network. Based on that information the network knows the approximate status of the UE and consequently the network can decide to configure certain measurements or can decide to perform or not perform a handover, consequently increasing the ratio of HO success and decreasing the failures and drops. However, the GPS based solutions are not preferable from a UE power consumption perspective, even if configuring the GPS reporting only in HO case.
According to the definition in [5], the mobility state detection has been specified in Idle, URA_PCH, CELL_PCH and CELL_FACH state (only if HS-DSCH discontinuous reception (DRX) is configured). The basic rule is to use the number of cell reselections during the given time period to decide the UE mobility state. If the number of cell reselection is above the given threshold, UE is in high mobility state; otherwise, UE is in low mobility state. If it is UE that performs the detection, then UE sends an indication included in signaling messages to the network (e.g. Cell Update). With the knowledge of UE mobility state, the network could apply different measurement settings. There are no rules defined on how to detect the UE mobility state in CELL_DCH, since the network is assumed to be capable of performing a good mobility state detection in terms of triggered HO frequencies in a given period. Such assumptions are valid in the scenarios with Macro cell only deployment. With the deployment of the LPNs, it will become more difficult to perform an accurate detection of the mobility state in CELL_DCH based only on the number of triggered HOs since the cells that UE is passing may have very different sizes.   

Observation 5: It is challenging to perform an accurate detection of the UE mobility state in CELL_DCH in Heterogeneous Networks.
A network based detection scheme is more preferred than a UE based scheme, since a network based scheme can perform better detection by considering the cell size, and the UE measurement results, and also other possible information. It is also easier to guarantee the compatibility for legacy UEs. When high mobility is detected, the network can take actions immediately without the extra signaling indication from UE side as it is usually done in UE based detection schemes.

Proposal 2: The NW estimates the mobility state of the UE in CELL_DCH using the cell size and other available information, and takes actions for LPNs when high mobility is detected.
4 UE discovery and identification of LPNs
Increasing the number of LPNs in a Macro cell will increase the interference level so there should be a limit to the number of LPNs per macro coverage, because at the end the overall gain cannot be increased further.

In the deployment scenarios, including partial co-channel deployment and dedicated frequency deployment, UE may move to the area covered by the LPNs which are located in other frequencies than the serving frequency. To identify those small cells, UE has to activate the inter-frequency measurement. The constant inter-frequency measurement would create the interruptions to the data transmissions and consume a lot of extra power, which will degrade the user experience and impact the UE battery life. Hence, it is necessary to activate the inter-frequency measurement only when it is required, i.e., UE is close enough to LPNs. According to the specification [3], the inter-frequency measurement will be activated only when the measurement of the current serving frequency is below a threshold (event 2d). However, it is not enough to activate the inter-frequency measurement only based on the event 2d in the Heterogeneous Networks, since UE could have faster variation of the radio channel qualities due to the deployment of LPNs. 
Consequently, inter-frequency measurements should be limited and only configured and used when the UE is close to a LPN on another frequency. 
Some solutions of the proximity detection have been discussed in LTE [6]. Based on the detected proximity information, the network will make decision about when to activate the inter-frequencies measurements. Among those solutions, it is required either UE or the network to perform the proximity detection. 
It is possible to achieve a more accurate estimation with network based scheme, for example, based on the finger print information. The network based scheme would also guarantee the compatibility for legacy UEs. 

The network based scheme doesn’t need changes to UE requirements, work based on the normal intra-frequency measurements.

Observation 6: Constant inter-frequency measurement would result in much higher power consumption. 
Proposal 3:  Network based proximity detection can be used as a way forward for inter-frequency LPN detection. 
4.  Conclusion

RAN2 is kindly asked to discuss the observation considered in this document and agree on the subsequent proposals:

Observation 1: A proper cell planning is needed to ensure efficient re-use of PSCs for LPNs.
Observation 2: Further investigation is needed if cell identity report can be considered as a potential solution to resolve the “PSC confusion – when the UE measures and reports a PSC to the NW and, the NW has two entries for a potential target cell according to its known NR” problem considering the issues including the SIB reading delay and the extra power consumption due to SIB reading.
Observation 3: ANR reporting could help to resolve PSC confusion problem (the PSC unknown by RNC).
Observation 4: Fulfilling of the HO delay target might be an issue when UE passes through LPNs at high speed.
Observation 5: It is challenging to perform an accurate detection of the UE mobility state in CELL_DCH in Heterogeneous Networks.
Observation 6: Constant inter-frequency measurement would result in much higher power consumption.
Proposal 1: Discuss whether there is a need to extend the NCL and, in such case, discuss the extension needed.
Proposal 2: The NW estimates the mobility state of the UE in CELL_DCH using the cell size and other available information, and takes actions for LPNs when high mobility is detected.
Proposal 3:  Network based proximity detection can be used as a way forward for inter-frequency LPN detection.
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