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1. Introduction

RAN2 received a liaison statement from RAN4 in [1]. RAN4 stated that further performance studies would be performed, especially in the area of E-UTRA to UTRA mobility, in order to better understand legacy terminal implementation and performance implications if only UTRA carrier frequency information was provided. RAN2 responded to this RAN4 LS in a LS [2]. 

The purpose of this document is to present Nokia and Nokia Siemens Networks understanding of the possible implications to performance if neighbour cell lists in E-UTRA provides only UTRA carrier frequency information. Similar contribution [3] has also been submitted to RAN4 but we felt that while RAN2 waits for a reply from RAN4 it would be beneficial to submit this same information directly to RAN2 as well. 
 In the corresponding response LS from RAN 2 in [2], RAN2 asked for further clarification of the following points
· During the discussion the impact on legacy systems mentioned was questioned. RAN2 did not understand this statement as the interworking direction from E-UTRAN to UTRAN was mentioned here and impact would thus be on E-UTRAN only. 

· It was mentioned that the second option is also used in commercial GERAN networks today without significantly lower performance than the first, hence RAN2 asks RAN4 to also consider the feasibility of adding the “blind search” option as it also minimises the BCH load. RAN2 also like to understand if similar cell reselection performance requirements for E-UTRAN to WCDMA exist as for GERAN to WCDMA ?

· Finally RAN2 would appreciate further information on the performance implication RAN4 is still working on.

2. Review of existing specifications

2.1. Review of UTRA FDD interfrequency requirements

In this section, we review the performance requirements for UTRA interfrequency reselections and measurements. Typical UE implementations may make use of compressed mode gaps to perform interfrequency measurement, which represents a very similar scenario to making a UTRA measurement when in E-UTRA mode.

In all cases, for UTRA to UTRA interfrequency mobility, the UE is signalled with an explicit neighbour cell list which indicates the scrambling codes and diversity status of neighbouring cells. In idle mode, reselections are able to be performed between different interfrequency cells in the NCL, with the requirements given in 25.133 section 4.2.2.3. Of particular importance in the interfrequency reselection requirements is table 4.1, which specifies  Tmeasure,FDD and Tevaluate,FDD.
 In RRC cell-FACH state, interfrequency reselections are also possible. Again, these must be based on an explicit NCL, but there are different requirements as given in 25.133 section 5.5.2.1.2. One main difference is that measurement occasions are provided for the purpose of making interfrequency measurements, and the UE may also make RACH measurement reports to UTRAN (25.133 section 5.8).
In RRC cell-DCH state, mobility is controlled by UTRAN, and would usually be based on measurement reports made by the UE. Compressed mode gaps may be used to make interfrequency measurements, according to UE capability, and the UE is given a neighbour cell list.  The interfrequency UE CPICH measurement capability requirements are given in 25.133 section 8.1.2.3.2, and there is no requirement for interfrequency measurements to be able to measure the CPICH of cells in the detected set (i.e. cells which are not included in the neighbour cell list). The CPICH of up to Xbasicmeasurement FDDinter (= 6) cells in the monitored or virtual active set are required to be able to be measured on each frequency in the neighbour list.
From this brief review of the UTRA FDD interfrequency requirements it can be seen that all interfrequency mobility in the UTRA system is performed based on neighbour cell lists. The benefits for UE implementation of having an explicit NCL are discussed further in section 3 however it seems that NCL operation of UTRA FDD interfrequency measurements has been considered to minimise the density of any needed compressed mode gaps, and allowing efficient UE cell search implementations.

It should be noted that intrafrequency CPICH measurements do include a “detected set” concept, and that the UE is required to be capable of performing CPICH measurements for at least 1 detected intra-frequency cell, in the detected set, and the UE physical layer shall be capable of reporting measurements to higher layers with the measurement period of 10 s. This detected set cell is not in the signalled NCL. This requirement needs to be taken into account in the design of the UE cell search hardware and algorithms, but due to the relatively low number of cells that it is required to measure (one cell) and the relatively long measurement period (10s), and the fact that gaps are never required for intrafrequency operations, this requirement is considerably less demanding than would be anticipated for operating UTRA mobility completely without an NCL.
2.2. Review of GERAN specifications

As a starting point, we review the GERAN specifications 44.018, 44.060 and 45.008, and consider the mechanisms by which the MS may be provided with UTRA neighbour cell information for both cell reselection and handover from a GSM cell to a UTRA cell.. Some of the key capabilities for a dual mode GERAN/UTRA terminal are as follows
1. The 3G neighbour cell list signalled in GSM mode can consist of both a list of explicit UTRAN cells (identified by scrambling code and TX diversity status) as well as a list of UARFCNs on which UTRA carriers can be found. It is possible to signal a combination of both. Further restrictions on the size and number of possible frequencies on their own in the 3G reselection list are given in 44.018 section 3.4.1.2.1.7

The 3G Cell Reselection list may contain up to 96 3G Cells. 3G Cells not provided explicitly in the SI2ter message or in the SI2quater message (frequencies on their own) are not included in these 96 cells. Up to 8 frequencies on their own, can be added to these 96 cells.
2. In GSM idle mode, cell reselection to UTRA is possible without explicit knowledge of UTRA cell scrambling code and diversity parameters.

3. This option to allow reselection from GSM to UTRAN without explicit cell information was particularly included in GERAN specifications to allow mobility to UTRA from legacy GSM BS implementations which are unable to support the new system information types such as SI2quater.
4. In GSM it is not possible for the UE to send cell specific measurement reports if there is no explicit NCL. One reason for this restriction is that, in the measurement reports, neighbour cells are identified by means of an index into the neighbour cell list, and no parameters for the neighbour cells are (or can be) included in the report. If there is no cell specific information (scrambling code and diversity mode) then no index exists by which to refer to a particular cell in the corresponding measurement report.
5. In GSM CS mode, handover to UTRAN is initiated by sending an INTER SYSTEM TO UTRAN HANDOVER COMMAND. The handover to UTRAN may be blind, meaning that it is performed to a cell which is unknown (and not measured by) the UE. In practice, blind handover procedures are considerably slower and may not be suitable for real time services such as voice due to the additional interruption. Additionally,UE measurements are usually necessary to support network handover decisions, except perhaps in some special circumstances(eg cosited GSM and UTRA cells)
3. UTRA UE implementation considerations

One important consideration is that UTRA implementations against existing requirements are already quite mature. UE manufacturers are likely to have had time to put considerable effort into optimising cell search hardware and software to minimise complexity and power consumption, while ensuring that all the existing relevant performance requirements in 25.133 are met.  Any new requirements affecting UTRA cell search may well cause impact to these legacy implementations, and would create the risk that the existing UTRA cell search implementations need to be redesigned when adding E-UTRA functionality. Clearly, it is desirable that the same cell search implementation can be used in UTRA UEs and in dual mode UTRA/E-UTRA UEs and that such the impact of such issues affecting the UTRA legacy implementation should be minimised.

Prior knowledge of the diversity parameters and scrambling codes which may be expected as neighbours allows for the possibility of optimisation of the cell search operations in the UE.  The key benefit of explicit information in the neighbour cell list is that it allows the number of hypotheses which need to be considered to be considerably reduced. For example, the UE may be able to determine that certain code groups are not used by any cell in the current neighbour cell list. This reduces the number of possible SSC sequences which could be expected to occur. Since SSC detection is performed (for example) by a matched filter, if the number of possibilities which need to be searched for is able to be reduced, the detection time is correspondingly reduced.
Similarly, if every cell in the neighbour cell list happens to be from a different code group (theoretically possible because there are 32 code groups, and there may be 32 cells in the UTRA NCL on a particular frequency), then complexity savings are possible when the UE has to identify (via P-CPICH) which scrambling code is in use. In the example case where there are 32 cells in the neighbour cell list and each is  from a different code group, then the scrambling code is, in principle, uniquely known as soon as the code group has been identified.

Naturally, if the diversity mode of the cell is unknown in advance, this also increases the cell search time, since there are two possibilities which need to be considered in the PSC search phase.

From these considerations, it can be seen that the a-priori information in the neighbour cell list is very useful for reducing the search time and/or the hardware complexity of the UTRA searcher in the general case.

The worst case from a UTRA cell search complexity point of view is when a large number of cells are sufficiently strong to be detectable. 25.133 requires that the UE is able to make measurements (e.g. in cell_DCH state, intrafrequency without compressed mode active) of  8 cells, and indeed there is a requirement that the UE is able to measure and report even more than 8 cells, but with a compromised reporting rate.
Such scenarios where there are a large number of cells which need to be detected and reported are the particularly challenging ones if there is no a-priori information. In this case, there are a large number of initial peaks in the search results and  the scrambling code and diversity status of each of these needs to be identified. If the UE is able to restrict itself to making measurements on just the strongest and most promising PSC search results (for example in a reselection scenario where there are no individual cell offsets) then the search time may become more reasonable, even if all possible hypothesis of diversity mode and scrambling code need to be considered. Therefore idle mode reselection type of operations (as specified in GERAN to UTRA mobility) are typically more the more straightforward ones to perform without any explicit neighbour cell list. Clearly it is impossible to specify individual cell offsets when there is no neighbour cell list, and therefore only the strongest neighbour cell on a particular UARFCN  needs to be identified by the UE, since there would be no reason to consider reselection to a weaker cell.
There is also a requirement in 25.133 specifications for a UTRA UE to be able to measure an intrafrequency cell in the detected set within 10s (in cell-DCH state). Again, this requirement could start to become more of a complexity issue if the number of detected set cells was greater than 1, or the measurement period was shorter than 10s.

Prior knowledge of the diversity parameters and scrambling code of the UTRA cell might give additional flexibility in network planning and further optimisation. Neighbour relations have to be defined during network planning process but this gives an operator the possibility to exclude those unfavourable from network performance point of view.  In case no NCL is supported any detectable UTRA cell might be reselected. This cell might require higher transmission power in case connection is established and later HO to the better cell. This might result in increased interference level and UE power consumption,  

4. UTRA and E-UTRA releases

E-UTRA will be included in 3GPP release 8 specifications, however, it is not clear whether  the UTRA part of a dual UTRA/E-UTRA UE needs to support release 8 also, or whether it is possible to “mix and match” UTRA and E-UTRA releases, having, for example release 6 UTRA implementation and release 8 E-UTRA implementation. We believe that the “mix and match” approach may have some benefit in allowing earlier availability of E-UTRA terminals which have not necessarily implemented all of the release 8 UTRA features. However, the feasibility of such an approach would need further consideration in RAN plenary, and other RAN working groups.

In case mixing of UTRA and E-UTRA releases is decided to be a beneficial approach, we would emphasise that as discussed in section 3 the existing (eg release 6) cell search implementations may be highly optimised towards meeting release 6 UTRA RRM requirements and if operation without NCL were to be considered as part of E-UTRA release 8, UE manufacturers would need to analyse their release 6 UTRA implementations and the performance requirements for E-UTRA to UTRA mobility carefully to ensure that the existing release 6 UTRA cell search implementations are able to support E-UTRA to UTRA mobility.
5. Conclusions
This document has reviewed the possibilities to perform reselection from E-UTRA to UTRA without an explicit neighbour cell list, and considered the implementation benefits (from cell search optimisation point of view) that an explicit neighbour cell list provides.
From GSM experience, it would clearly be feasible to provide some form of mobility (e.g. reselection to best UTRA cell on a particular UARFCN) without the provision of an explicit neighbour cell list in E-UTRA. On the other hand, the complexity of cell identification is considerably increased for the UE when all possible hypothesises need to be considered during cell search.
 The majority of the commercially available GSM base station subsystems support the explicit UTRA neighbour cell list containing complete cell information including scrambling codes and diversity status.  In most of the practical system implementations the same GSM – UTRA neighbour cell relations defined in the system data base apply for all operational modes.  Many operators who are operating multiRAT networks currently make use of explicit neighbour cell lists to provide  GSM – WCDMA mobility
We also note that if the scrambling code and/or diversity status is not explicitly provided in the downlink NCL, then it will be necessary to explicitly identify the UTRA cell for which CPICH Ec/Io and/or RSCP is being reported for in the uplink signalling, since without this information the measurement report is meaningless. As has been seen in the GERAN specification review, without a NCL it is not possible that the uplink message just provides an “index” to the cell identity, and it seems probable that the uplink measurement report bit payload will need to be increased. This is because a longer parameter, such as cell ID, may need to be included with each RSCP and Ec/Io pair in the measurement reports. (Note that if the NCL is optional, such possibility needs to be allowed for the measurement report message; so for cells included in the NCL the UE will report using an index, whereas for the other cells it will need to identify the cell explicitly).
As shown in section 3, the UTRA cell search complexity is increased in the case that there is no explicit NCL. This may have undesirable implications, such as an increase in hardware complexity of the searcher, and a corresponding increase in power consumption.

Due to these benefits, we believe that E-UTRA specifications should maintain the option of fully signalling a UTRA neighbour cell list including scrambling codes and diversity modes of neighbour cells. If there is an additional desire to be able to operate E-UTRA to UTRA mobility without an explicit NCL in certain circumstances then RAN4 will need to consider carefully the performance requirements for such operation, and there is likely to be a need for compromise on either the number of cells which may simultaneously be measured (e.g. reselection to best cell only with no individual offsets) and/or a reduction on the cell detection performance may be expected.
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