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1 Introduction

In RAN2#83bis meeting, the LS on extending the size of the neighbour cell list was agreed and sent to RAN4. 
This paper tries to have some analysis on the questions raised in the LS and some proposals are given from RAN4 point of view, a draft reply LS could also be referred in [2]. 
2 Discussions

2.1 Background info
So from the incoming LS from RAN2, we know that RAN2 is currently investigating the feasibility of extending the size of neighbour cell list (NCL), which aims to solve the issue of mass small cell deployment, as part of the work for the ongoing WI on UMTS Mobility enhancements for Heterogeneous Networks.

Since RAN2 is considering extending the size of the NCL, thus RAN2 have the following questions to RAN4:

1) If the size of NCL is to be extended, from 32 to 64 for inter-frequency NCL and from 32 to 64 for intra-frequency NCL in both cases for CELL_DCH, CELL_FACH, CELL_PCH, URA_PCH & Idle, will it impact the current performance requirements defined by RAN4?

2) If requirements are impacted by the above NCL extensions, 

a. what are the expected requirements changes and impacts? 
b. what NCL extension size/value is considered feasible without impacting the current performance requirements defined by RAN4?
In the rest of the paper, we will try to discuss the feasibility to extend the size of NCL to 64 and the possible impact if the size of NCL is extended to 64, for both cases of DCH and non_DCH respectively.
2.2 Impact on the existing measurement performance requirement for CELL_DCH UE
2.2.1 Current measurement performance requirement
According to the description in section 8.1.2, CELL_DCH UE could monitor up to 32 intra-frequency cells per intra frequency carrier and 32 inter-frequency cells on up to 2 FDD carriers.

According to the description in section 8.1.2.2.2, CELL_DCH UE shall perform measurements for 8 identified-intra-frequency cells in the monitored set/active set within measurement period of 200 ms.
According to the description in section 8.1.2.3.2, CELL_DCH UE shall perform 6 inter-frequency cells per FDD frequency, and the UE physical layer shall be capable of reporting measurements to higher layers with the measurement period of TMeasurement_Inter, the value depends on the TInter, which is the minimum time that is available for inter frequency measurements. For example, the period varies with the TInter, the value of the TInter depend on the TGL1 and TGL2 in the transmission gap pattern sequence in TS 25.133/Table 8.1. 
2.2.2 Analysis of potential impacts of NCL extension
As the handover performance depends on the timely measurement report, the existing measurement performance requirement needs to keep unchanged in order not to impact the handover performance. Since UE has the requirement of the offloading to the inter-frequency small cells in CELL_DCH, UE needs to measure the neighbour cells in the NCL. Considering that it brings the complexity and risk to dynamic configure the suitable NCL for UE based on UE position, therefore it is useful to include all the intra-frequency and inter-freqeuncy cells in the NCL. If the size of the intra-frequency NCL and inter-frequency NCL extends to 64 then UE needs to monitor up to 64 intra-frequency cells and inter-frequency cells.
According to some UE measurement implementation, the intra-frequency measurement for the 32 cell in the NCL could be completed about 40 ~50 ms, the first stage for the slot synchronisation procedure is about 30 ms, the second stage for the downlink Scrambling-code identification is about 10~20ms, the period length could be improved via the logical process resource for the scrambling identification. If the size of the NCL is extened to 64, the first stage is not impacted since the slot synchronisation is independent on the size of the NCL, the second stage may extend a little longer than 10~20ms. The measurment delay could not impact the handover performance.
The measurement mechanisn for the inter-frequency cell measurement is same as the intra-frequency cell measurement. The only difference is the availabe time in the same period. If UE does some optimization for the measurement with more process resource for the scrambling identification.

Therefore it is feasible to extend the size of intra-frequency and inter-frequency NCL to 64. There are two alternatives about the measurment requirement:

· A1: CELL_DCH UE shall perform measurements for 8*2 identified-intra-frequency cells in the monitored set/active set within measurement period of 200 ms, and perform 6*2 inter-frequency cells per FDD frequency, and the UE physical layer shall be capable of reporting measurements to higher layers with the measurement period of TMeasurement_Inter.
· A2: CELL_DCH UE shall perform measurements for 8 identified-intra-frequency cells in the monitored set/active set within measurement period of 200 ms, and perform 6 inter-frequency cells per FDD frequency, and the UE physical layer shall be capable of reporting measurements to higher layers with the measurement period of TMeasurement_Inter.

For the A1, the measurement requirement increases accordingly based on the NCL size.For the A2, the measurment requirement does not change. Considering that no more than 8 cells in the good radio condition exist for UE even there are more than 32 cells in the NCL, it is not necessary to increas the measurment performance. UE only needs to detect the best 8 cells and identification Scrambling code based on the NCL.
Therefore it is proposed to RAN4 adopt A2, and UE needs to monitor up to 64 intra-frequency cells and inter-frequency cells.

For the legacy UE, if the network could dynamic configure the NCL according to some reference info (e.g. the position and the speed etc.) then the handover performance could be impacted. It will bring some complexity in the network.
Proposal 1: It is proposed RAN4 to clarify the measurement requirement when the size of the intra-freqeuncy and inter-frequency NCL is extended to 64 for the CELL_DCH UE.
2.3 Impact on the existing measurement performance requirement for CELL_FACH UE
2.3.1 Current measurement performance requirement
According to description in the section 8.4.2.1, CELL_FACH UE needs to monitor 32 intra-frequency cells and 32 inter-frequency cells on up to 2 additional carriers.
The CELL_FACH UE is "out of service area" if the UE has evaluated for 4 seconds that the serving cell does not fulfil the cell selection criterion and if the UE has not found any new suitable cell based on searches and measurements of the neighbour cells indicated in the measurement control system information within 4 seconds. The measurement performance requirement is described as below:
· In case of HS-DSCH is not on-going
In the CELL_FACH state, when no measurement occasion cycle is activated, UE shall be capable of performing CPICH measurements for 8 identified intra-frequency cells of the monitored set and the UE physical layer shall be capable of reporting measurements to higher layers with the measurement period of 200 ms (i.e. TMeasurement_Period Intra = 200 ms). When a measurement occasion cycle is activated, the UE shall be capable of performing CPICH measurements for the Ymeasurement intra strongest cells, where Ymeasurement intra is defined in the following equation.
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The UE shall be capable of performing CPICH measurements for 6(Xbasic measurement FDD inter =6) inter-frequency cells per FDD frequency of the monitored set, and the UE physical layer shall be capable of reporting measurements to higher layers with the measurement period of TMeasurement_ Inter ms. The value of T depends on the the FACH measurement occasion length coefficient.
· In case of HS-DSCH is on-going

In the CELL_FACH state the measurement period for intra frequency measurements is TMeasurent_Period,Intra ms, the value depends on the DRX cycle configuration. The UE shall be capable of performing CPICH measurements for 8 identified intra-frequency cells of the monitored set and the UE physical layer shall be capable of reporting measurements to higher layers with the measurement period of TMeasurent_Period,Intra.
The UE shall be capable of performing CPICH measurements for Xbasic measurement FDD inter inter-frequency cells per FDD frequency of the monitored set, and the UE physical layer shall be capable of reporting measurements to higher layers with the measurement period of TMeasurement_ Inter. The value of T depends on the duration of the on part of the DRX cycle and the duration of the total DRX cycle.
2.3.2 Analysis of potential impacts of NCL extension
The cell re-selection performance depends on the timely measurement and suitable cell finding . If the size of the intra-frequency NCL and inter-frequency NCL extends to 64 then CELL_FACH UE needs to monitor up to 64 intra-frequency cells and up to 64 inter-frequency cells. The suitable cell finding depends on the SI reading of the neighbour cell. If the size of the NCL is extended, the SI reading delay for each cell does not changes.
For the intra-frequency case, if the size of NCL could not be extended, then those cells not in the NCL could not be measured (identified), UE only can initial the cell selection until UE is out of service because of the strong intra-frequency cell interference. 

For the inter-frequency case, if those extended cells are deployed for coverage case and not included in the NCL , then those cell could not be measured, then UE have no suitable cell to camp on within 4s. If thosed cells are deployed for coverage case and not included in the NCL, then it could not result in “out of service” since UE has good coverage in the current frequency. Also, the massive small cell deployment for offloading purpose in the inter-frequency is not foreseen.
Therefore it is propose to RAN4 to clarify the measurment requirement for the intra-frequency NCL extension case. There are two alternatives about the measurment requirement if the size of NCL is extende from 32 to 64:

· A1: UE shall be capable of perform CPICH measurements for 2 times of the current defined identified intra-frequency cells and inter-frequency cells within the TMeasurement_ Inter. 
· A2: UE shall be capable of perform CPICH measurements for the current defined identified intra-frequency cells and inter-frequency cells within the TMeasurement_ Inter.
Considering that no more than 8 cells in good radio condition exist for UE, It is enough that UE detects the best 8 cells and identification Scrambling code based on the NCL in the current measurement period. Therefore it is propose to RAN4 to adopt A2 and UE monitor up to 64 intra-frequency cells and up to 64 inter-frequency cells.
According to analysis in 2.2.2, it is also feasible to extend the size of intra-frequency NCL and inter-freqeuncy cell to 64 for CELL_FACH UE. If UE does some optimization for the inter-frequency measurement with more process resource, then it is also feasible to extend the inter-frequency NCL for Non-DCH UE. Since UE could not be “out of service area” until UE could not find a suitable cell within 4 s. It does not bring much measurment delay with the implementaion improve ment in UE. Therefore the measurment delay could not impact the cell re-selection performance.
For the legacy UE, in addition ot the cell in the measurement control system information, if UE could periodly search other intra-freqeuncy neighbour cells and record it in the local buffer for the measurment, then the cell reselection performace could not be impacted too.
Proposal 2: It is proposed RAN4 to clarify the measurement requirement when size of the intra-freqeuncy NCL is extended to 64 for the CELL_FACH UE.
2.4 Impact on the existing measurement performance requirement for idle/CELL_PCH/URA_PCH UE

2.4.1 Current measurement performance requirement
The UE shall measure CPICH Ec/Io and CPICH RSCP at least every TmeasureFDD (see table 4.1/TS 25.133) for intra-frequency cells that are identified and measured according to the measurement rules.
If priority information for UTRA FDD carrier frequencies is provided in the measurement control systems information and SrxlevServingCell > Sprioritysearch1 and SqualServingCell > Sprioritysearch2 then the UE shall search for any higher priority UTRA inter-frequency cells at least every Thigher_priority_search where Thigher_priority_search is defined as (60 * Nlayers) seconds, otherwise the UE shall measure CPICH Ec/Io and CPICH RSCP at least every (Ncarrier-1) * TmeasureFDD for inter-frequency cells that are identified and measured according to the measurement rules.
If the CELL_PCH or URA_PCH UE has not found any new suitable cell based on searches and measurements of the neighbour cells indicated in the measurement control system information for 12 s, the UE shall initiate cell selection procedures for the selected PLMN. After this 12 s period a UE in Cell: CELL_PCH or URA_PCH is considered to be "out of service area" and shall perform actions according to 25.331.
2.4.2 Analysis of potential impacts of NCL extension
For the idle/CELL_PCH/URA_PCH UE, the cell re-selection performance depends on the timely measurement and suitable cell finding. If the size of the intra-frequency NCL and inter-frequency NCL extends to 64 then PCH/idle UE needs to monitor up to 64 intra-frequency cells and inter-frequency cells, UE shall be capable of perform CPICH measurements for the current defined identified intra-frequency cells and inter-frequency cells within the existing time interval. 
Because the intra-freqeuncy cells not included in the NCL would impact the intra-frequency cell reselection performance, it is necessary to extend the intra-frequency NCL to 64. Similar as the analysis for CELL_FACH UE, it is feasible to extend the size of intra-frequency NCL to 64 if UE does some parallel process enhancement for the Primary scrambling code idenfification.
For the legacy UE, in addition to the cell in the measurement control system information, if UE could periodly search other intra-freqeuncy neighbour cells and record it in the local buffer for the measurment, then the cell reselection performace could not be impacted too.
Proposal 3: It is proposed RAN4 to clarify the measurement requirements when size of the intra-freqeuncy NCL is extended to 64 for the idle/CELL_PCH/URA_PCH UE.
2.5 RAN4 impact summary
Based on the previous discussion, here are some summary of the requirement impact:
- CELL_DCH UE shall be able to monitor 64 intra-frequency and inter-frequency cell in the NCL.
- CELL_FACH/CELL_PCH/URA_PCH/IDLE 64 intra-frequency cell in the NCL

3 Conclusion
In this paper, we discuss the performance requirement impact of neighbour cell list extension. According to our analysis, the conclusion is the size of the NCL extension to 64 is feasible with a little measurement performance requirement impact.

Based on this discussion paper, we provided the draft response LS to RAN2 in [2].
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