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Progress on topics relevant to GERAN-LTE interworking
1 Introduction

After the agreement (at GERAN#31) of the Work Item to introduce functionality for interworking between GERAN and LTE in the GERAN specifications [1], several contributions on this topic have been discussed during the following GERAN meetings.

In this document, a review of the latest progress in the RAN working groups on topics that are relevant to GERAN-LTE interworking is presented. The focus is on issues that could affect the work to be carried out by GERAN, and in particular issues that affect the physical layer procedures.
The objective of this paper is also to identify which further information TSG GERAN will require from the RAN working groups.

Please note that the information contained in this document reflects the understanding of the contributing companies; it is provided for general reference and may not be exhaustive; also, it could be subject to change following the discussions in the RAN working groups.
2 Topics relevant to TSG GERAN
2.1 Initial vs. non-initial cell search

In order to identify E-UTRAN cells, the cell search procedure is used. A brief description the procedure in LTE was provided in [2]. It is however possible to differentiate between the procedure at switch on, when no information is available to the mobile (“initial cell search”), and the procedure after switch on, when a neighbour LTE cell is activated (“non-initial cell search”). In [2] it was assumed that, for neighbour cell monitoring, the dual-RAT MS/UE can reuse the same steps as for the initial cell search.

RAN1 has discussed this issue and has concluded that, for non-initial cell search, the same approach as for initial cell search is used. In particular, as stated in section 5.1.7.3 of [31], “Neighbour-cell search is based on the same downlink signals as initial cell search.”

This confirms that the assumption made in [2] was correct. However, whether the steps for the non-initial cell search are exactly the same as for the initial one or some of them can be simplified will depend on what information about neighbouring cells is provided to the mobile station. This is further discussed in section 2.3.

Summary: non-initial cell search uses the same signals as initial cell search.

2.2 Measurements

After a cell has been identified and synchronisation has been achieved, it is possible for the MS to perform measurements on that cell. For handover and cell reselection purposes, the measurements are performed on the downlink “reference signal(s)” (RS); details about the reference signal can be found in subclause 6.10 of TS 36.211 [29].
RAN1 has discussed what measurements a UE should perform on LTE neighbouring cells. Initially RAN1 had identified the following measurements to support mobility (including mobility from other RATs) [3]
:

· RSRP (Reference Signal Received Power): is determined for a considered cell as the linear average over the power contributions (in [W]) of the resource elements that carry cell-specific reference signals (RS) within the considered measurement frequency bandwidth.
· E-UTRA carrier RSSI: comprises the total received wideband power observed by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. 

In practice, RSRP provides information on the (downlink) signal strength, while E-UTRA carrier RSSI provides information on the interference situation.

A third measurement has subsequently been added [4][5]:

· RSRQ (Reference Signal Received Quality): is defined as the ratio N×RSRP/(E-UTRA carrier RSSI), where N is the number of resource blocks of the E-UTRA carrier RSSI measurement bandwidth.
In practice, the RSRQ is defined as the ratio of RSRP and E-UTRA carrier RSSI. As stated in [5], “The purpose of the measurement is to provide information on the SINR situation for the UE and can be applied both for handover and for cell selection.”
Further details about the measurement quantities (including the bandwidth of the signal to measure and which signals to measure in case of multi-antenna configurations) can be found in [6]. For example, in case of transmission from more than one antenna
, the UE performs measurements on the first reference symbols (R0) on antenna 1 and on the second reference symbols (R1) on antenna 2.
For each measurement quantity, several observations may be combined to form a single measurement report in accordance with specified filtering procedures. For example, in [3] a single RSRP observation had been defined over a single subframe period (1ms) ; in practice, averaging the measurements over a longer period is useful in order to eliminate the effects of fading and derive a more accurate estimate. In [3] it is stated that: “RAN1 notes the RSRP and E-UTRA carrier RSSI measurement accuracy also depends on the measurement time (50, 100, 200 ms).”

In [3] it is also clarified that the terminal can perform measurements on the reference signal of any of the subframes
; in particular, the allowed subframes are not limited to those containing the P-SCH or the S-SCH.

The information about measurements is captured in a new technical specification TS 36.314 [30] which is being written by RAN1. On the other hand, measurement requirements are captured in TR 36.801 [32] which is under the responsibility of RAN4.
Summary: measurements on LTE neighbour cells are RSRP (Reference Signal Received Power), E-UTRA carrier RSSI and RSRQ (Reference Signal Received Quality).
The information above is useful to GERAN because these are the measurements that will need to be performed by a dual-mode GSM/LTE terminal, either for cell reselection while in idle mode or for measurement reporting while in active mode.

Further information required by GERAN:

Some information that will be required from RAN1 and/or RAN4 is the range that these quantities can take, in order to define in the GERAN specifications the ranges to be used by the MS when reporting the measurements to the network or to define thresholds for reselection / reporting. Additionally, information to determine how these measurements map to the measurements on GSM cells (RXLEV etc.) will also be required, which is needed – for example – to calculate the relative ranking of cells of different RATs (e.g. for cell reselection).
2.3 Neighbour cell lists

There has been extensive discussion in RAN2 about the neighbour cell information to be sent in System Information, and the possibility to reduce the amount of information to be transmitted. Initially, it had even been proposed that in some cases no information may be sent at all (the initial proposal is contained in [7], while a discussion of that proposal can be found in [8]). In particular, in [7] it was proposed that:
· for the intra-frequency case, no neighbour cell list information containing specific cell candidates are required to be sent to the UE

· for inter-frequency and inter-RAT mobility, the frequency of cell candidates are sent to the UE

The proposal was further discussed in RAN2 and, as a result, the group concluded that, within LTE, neighbour cell information could be omitted for intra-frequency cells
; for inter-frequency and inter-RAT (both UTRAN and GERAN) cells, only the centre frequency of the cell would be sent. As for the other parameters required by the UE (e.g. cell reselection offset towards the cell, etc.) they could be read by the UE from the system information transmitted on broadcast channel of the neighbour LTE cell [9]; while doing so, the UE could also check if the cell was barred. This agreement was also captured in the E-UTRAN Stage 2 specification (see subclauses 10.1 and 10.2 of version 8.0.0 of TS 36.300 [31]). In practice, this meant that, in LTE, the network did not have to provide the UE with a neighbour cell list (NCL); the network had however the option to provide a NCL in exceptional cases, e.g. to cope with problematic circumstances (indoors, tunnels, etc.).
Following the agreement in RAN2, other groups have discussed the consequences of this decision. For example, RAN1 discussed the issue of the time required for cell search in the absence of cell specific information. In [10] it is stated that “RAN1 believes that the detailed design can be made such that cell search is feasible without the network assistance on neighbouring cells”
. Also, regarding how long does it take to search for possible neighbouring cells in LTE if no neighbouring cell information is provided, RAN1 concluded that “compared to the availability of neighbour cell information, the absence of neighbour cell information has very small impact”
; also, the fact that the absence of neighbour cell information has little impact on the cell search procedures means that it also has little impact on power consumption of the mobile.
However, some operators have expressed some concerns about the need to read system information from the neighbour cell’s broadcast channel, due to the fact that this could lead to the “need to increase the transmission power or the amount of radio resources for the BCH in order to satisfy the required block error rate of the BCH for the UE in the neighbouring cell” [11]. The paper also states that the cell search time towards neighbouring cells can be decreased by using a neighbour cell information list, especially in a regular cell configuration. This statement (which seems to be in contradiction with the information previously provided in [10]), is supported by the simulation results provided in [12].
RAN4 as well has expressed some concerns about the agreement that has been reached by RAN2; the reasons are expressed in [13]. For example, in [13] RAN4 states that they feel “that the UE should not be required to decode neighbour cell P-BCH for the purposes of measurement report evaluation and cell reselection criteria evaluation but instead cell specific offsets should be provided through the serving cell”.

As a result of the comments received from RAN1 and RAN4, and also of some concerns expressed by companies participating in RAN2 itself (see for instance [14]), during their #58bis meeting (June 2007), RAN2 agreed to remove the reading of cell specific parameters (such as the cell reselection offset, Qoffset) from the BCH of neighbouring cells (the description in TS 36.300 will be revised accordingly [15]). So the current agreement is that the network has the option to send a neighbour cell list, in particular if it wants to inform the mobiles about:

· cell reselection offsets towards specific cells

· blacklisted cells

If a neighbour cell is not present in the neighbour cell list, the mobile will assume that the cell reselection offset towards that cell is 0.

The discussion about the neighbour cell list and what parameters should be included in it is ongoing. The discussion is ongoing also regarding the content of the neighbour cell list for inter-RAT cells (see Annex A).
Summary: in LTE, the neighbour cell list may only include the centre frequency of neighbour cells, however more detailed neighbour cell information is beneficial; the mobile will not read information from the broadcast channels of neighbouring cells (unlike initially agreed).

For GERAN, this information could be relevant, as it provides some indication of what parameters should be included in the inter-RAT neighbour cell list for LTE cells.
Obviously, the information on neighbour LTE neighbour cells to be provided in the system information in GERAN is to be decided by TSG GERAN, and the solution agreed in GERAN need not necessarily be the same as the one for LTE. The best solution should be discussed taking into account the space available in the system information, the power consumption of the mobile and the performance of the neighbour cell detection/measurement procedures.

Further information required by GERAN:

In LTE, the centre frequency is identified by means of the EARFCN [33], which is the equivalent of the UARFCN in UTRAN. Some information that is required by GERAN is how the frequencies are encoded. To the knowledge of the authors, this has not yet been decided in the RAN groups, although some proposals have been made [16].
2.4 L1 parameters in the system information
RAN1 has discussed the L1 parameters to be included in the system information, and the conclusions of the discussion can be found in [17] and [18]. According to the LSs, the system information in a cell should contain the following parameters about the cell itself
,
:

· Downlink system bandwidth (4 bits)
· Reference-signal transmit power (0-6 bits)
· Number of transmit antennas (1-2 bits)
The fact that both the bandwidth and the number of TX antennas (hence the MIMO configuration) need to be signalled in the system information implies that they cannot be derived from the cell search process. 
At present there is an ongoing discussion in RAN4 about what bandwidth the UE should use when performing measurements (see [19], [20], [21] and references therein). The conclusion of the discussion may have an implication on the parameters to be included in the system information. For example, if the bandwidth and/or the MIMO configuration of a neighbour cell are required in order to perform a measurement on that cell, these parameters may have to be provided in the NCL
. Alternatively, for the bandwidth one option is that, if it is not provided for an LTE neighbour cell, the mobile only measures on the 72 central sub-carriers (which is also equivalent to the minimum cell bandwidth) of that cell. But in this case the required measurement time may be longer, due to the tradeoff between measurement bandwidth and time to achieve a defined level of accuracy (by measuring over a bandwidth wider than 72 sub-carriers, more RS energy is obtained which can improve measurement accuracy).
Whether additional information about LTE neighbour cells needs to be provided in the system information or measurement information in the GERAN needs to be evaluated. Further guidance from the RAN working groups will be required on these issues.

3 Conclusions

In this contribution, some topics that are relevant to GERAN-LTE interworking have been discussed, presenting some of the progress that has been made in the RAN working groups. The information provided could help GERAN in progressing the work on GERAN-LTE interworking.
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5 Annex A – System Information for inter-RAT cells in LTE
In this Annex, some pointers to the discussion on the contents of the neighbour cell list for inter-RAT cells in LTE is provided. Again, the information in this annex is not meant to be exhaustive.

As seen in section 2.3, initially in RAN2 it had been agreed that for inter-RAT (UTRAN and GERAN) cells only the centre frequency would be sent in the LTE system information. For example, in [24] it is proposed that an LTE cell need only broadcast ARFCN values and no cell-individual information for GSM, i.e. no “Neighbour Cell List” is required for GSM neighbours. On the other hand, in [25] RAN4 informs RAN2 that it has agreed as a working assumption that an explicit GERAN neighbour cell description should be provided; in particular, RAN4 recommends that the list contains parameters that allow to uniquely identify the cells (e.g. as provided in UTRAN). Some reasons for this position are given, for example, in [26].
Regarding UTRAN cells, in [25] RAN4 informs RAN2 that it has agreed as a working assumption that details of UTRAN cells should also be provided in the NCL, including UARFCN and scrambling code (RAN2 assumes UARFCN only). The reply from RAN2 to that LS is contained in [27].
� Note that some of the definitions contained in � REF _Ref160342283 \w \h ��[3]� have subsequently been revised; the definitions in this paper have been taken from � REF _Ref172011202 \w \h ��[6]�.


� In LTE, transmission from the eNodeB can be from 1, 2 or 4 antennas.


� At least subframes where a cell-specific reference signal is transmitted, i.e. subframes used for non-MBSFN transmission (MBSFN = Multicast/Broadcast over Single Frequency Network). In case the subframe is used for transmission with MBSFN, special conditions apply.


� In � REF _Ref172003803 \w \h ��[23]� it is stated that: “RAN2 definition for an Intra-frequency cell is that all the UEs irrespective of their category are capable to measure in connected mode (measurement & cell identification) on that neighbour cell without interruption, independent of the activity on the current cell.”


� In particular, the synchronisation channels and the broadcast channel in LTE have been designed in such a way that a UE does not need to know the bandwidth of the cell in order to read them (they are all located in the 72 sub-carriers around the DC sub-carrier).


� This is in contrast to what happens in UTRAN, where information from the neighbour cell list can be used to optimize cell search behaviour of the UE. This can be exemplified by the searcher behaviour in WCDMA where the scrambling code information for neighbour cells is beneficial to reduce hypothesises for which the correlation needs to be checked (thus, reduces the cell search time) � REF _Ref154223451 \w \h ��[22]�.


� This is the information provided on the Broadcast Channel (BCH); other information may be provided on the Downlink Shared Channel (DL-SCH), see subclause 7.4 of � REF _Ref170904130 \w \h ��[31]�. Note also that this is not the only system information carried on the BCH.


� Subclause C.1.4 of TS 36.300 � REF _Ref170904130 \w \h ��[31]� lists the information required by the mobile prior to cell access (transmission/reception).


� In the current neighbour cell list for UTRAN an information element has been included (Bandwidth_FDD) to indicate the bandwidth of the UTRAN FDD cells; however, this is currently unused, given that only one bandwidth is possible. On the other hand, for UTRAN TDD cells, the Bandwidth_TDD IE can take on two possible values (3.84Mcps and 1.28Mcps).
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