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Further considerations on the introduction of GERAN to E-UTRAN interworking in TS 45.008
1 Introduction

At previous GERAN meetings, a CR to TS 45.008 for the introduction of GERAN to E-UTRAN interworking was provided [1][2], together with an accompanying document explaining the assumptions made in drafting the CR [3][4]. The latest revision of the CR was postponed at GERAN#38; a revised version of the CR is contained in [5]. In the present document, further discussion of the principles and the solutions that have been adopted as part of the proposed changes to the specification is provided, following the progress in the RAN working groups.
2 Reselection algorithm
In [6], some corrections and enhancements to the priority-based reselection algorithms had been proposed. However, since GERAN#38, there have been some changes in RAN2 to the way that the algorithm operates. In particular, it is now understood that, instead of two thresholds per target priority layer (Threshx,high and Threshx,low) as originally proposed, only one threshold will be used. In the latest version of TS 36.304, Threshx,high is used for reselection to higher priority laters, while Threshx,low is used for reselection towards lower priority layers; however, this could lead to ambiguities, especially given that in TS 36.331 two thresholds are signalled per target priority layer. A discussion paper for RAN2, with corresponding text proposals for TS 36.331 and TS 36.304 to resolve the ambiguities in the two specifications, is contained in [7]. In particular, it is proposed that the name of the threshold is changed to Threshx.
Although at the time of submission the outcome of the discussion on [7] in RAN2 is not known, the description of the algorithm in the CR has been revised under the assumption of one reselection threshold per priority layer.
The priority-based reselection algorithm has also been agreed for UTRAN, not only for inter-RAT reselection but also for inter-frequency reselection. For both E-UTRA and UTRA, an “absolute priority layer” can be defined for a UTRA frequency, a E-UTRA frequency or a group of GSM frequencies (which could be a subset of a frequency band). It is possible for frequencies layers of one RAT to have equal priorities; however, equal priorities for frequencies of different RATs are not allowed. In GERAN, a single priority layer is assumed for all GSM frequencies.
In the present version of the CR it is assumed that, if priorities are used for reselection to E-UTRAN, they are used also for reselection to UTRAN. It is also assumed that support of the priority algorithm is mandatory for multi-RAT mobiles of Rel-8 or later.
3 Neighbour cell lists

At present, inter-RAT information broadcast in the system information is used by the UE to build the “3G Cell Reselection list” and “3G Neighbour Cell list” (or the corresponding GPRS lists). The details are provided in subclause 3.4.1.2 of TS 44.018 and in subclause 5.6.3 of TS 44.060. In subclause 6.6.4 of TS 45.008 it is stated that “For a multi-RAT MS, cells or frequencies with other radio access technologies may be included in 3G Cell Reselection list (see 3GPP TS 44.018)”; similarly, in subclause 10.1.1.3 it is stated that “For a multi-RAT MS, cells or frequencies with other radio access technologies may also be included in the GPRS 3G Cell Reselection list to be monitored (see 3GPP TS 44.060)”. Such statements seem to imply that the original intention was that the lists above would be used for cells of any radio access technology, even those added in the future. So the question is whether E-UTRA information should be stored in the existing lists or new lists should be defined for E-UTRA.
The “(GPRS) 3G Neighbour Cell list” is used only for reselection and reporting; the “(GPRS) 3G Cell Reselection list” is used only for reselection. The “(GPRS) 3G Cell Reselection list” can contain up to 8 frequencies on their own (in addition to up to 96 cells). The mobile can search for cells on those frequencies and reselect to any cells that is suitable, even if the cell is not included as part of the 96 cells. Frequencies on their own can be provided also as part of the “(GPRS) 3G Neighbour Cell list”; however, they will be part of the (up to) 96 entries (they are indicated as a cell without a scrambling code), and they have a specific role: they signal to the mobile that, whenever a cell on that frequency is reported, the mobile needs to include the RSSI for the frequency in the measurement report.

Therefore, one problem with the lists above is that, even if E-UTRA frequencies on their own were provided in the “3G Cell Reselection list” and used for reselection, there would be no reporting support for cells located on those frequencies. At the very least, for E-UTRA a list of frequencies should be provided for measurement reporting. However, it may be just easier to define a new list for E-UTRAN frequencies, which is independent from the 3G reselection list and 3G neighbour cell list, and that is used for both reselection and reporting. This is the approach taken in the CR. The list has been named “E-UTRAN frequency list”.
One of the main advantages of such list is that in the measurement reports it will be possible to indicate a E-UTRAN frequency by providing an index into this list. Assuming for example that the list can contain up to 8 frequencies, each entry in the list can be indexed using 3 bits; the alternative would be to include the EARFCN of the frequency, which would require 15 bits.
As the blacklist approach is used for E-UTRA, no detailed description of the neighbour cells is provided to the mobile, only their centre frequencies. For this reason, it is not possible for the MS to indicate a particular cell to the network by providing an index within the neighbour cell list (as it is done for GSM, UTRAN and cdma2000 cells); when reporting the measurement for a particular cell, the Physical Layer Cell Identity of the cell needs to be included in the measurement report.

4 Measurement quantities

In subclause 8.1.5 of TS 45.008, the measurement quantities for other radio access technologies are described. The measurement quantities for E-UTRAN are RSRP (Reference Signal Received Power) and RSRQ (Reference Signal Received Quality) [20]. Initially a third quantity had also been defined, E-UTRA carrier RSSI; however, as the three quantities are linked to each other (RSRQ is defined as N×RSRP/(E-UTRA carrier RSSI), where N is the number of resource blocks of the E-UTRA carrier RSSI measurement bandwidth), RAN4 has decided that E-UTRA carrier RSSI should not be defined as a separate quantity, as no use case has been identified for it [17].

Regarding RSRP, in RAN4 it has been proposed to define for this quantity a reporting range between -140 dBm and -44 dBm with 1 dB resolution [19]. As shown in the paper, 98 codepoints would be required for the signalling, corresponding to 7 bits. Since in measurement reports this quantity would replace the RXLEV, in GERAN it may be desirable to limit this field to 6 bits
. In this case, three options are possible:

1. increase the resolution to 2 dB; by doing so, only 50 codepoints
 are required, for which a 6-bit field would be sufficient;

2. limit the reporting range to a 64 dB range; this would be similar to what currently happens for the reporting range of UTRAN RSCP, which is defined between -120 dBm and -25 dBm in TS 25.133, but only between -116 dBm and -52 dBm in TS 45.008.

3. we could have a different resolution over different regions of the reporting range; for example, for very low or very high values of the RSRP, the resolution could be 2 dB or even 4 dB, whereas in the most useful range the resolution could be 1 dB.

Guidance may be requested from RAN4 regarding the best solution for the reporting range in GERAN. However, the preference of the sourcing companies is for option 3. Option 1 has the disadvantage that some codepoints would be unused, hence is considered the least attractive.
Regarding RSRQ, RAN4 has been decided that RSRQ will not apply in idle mode since, according to RAN4 analysis, the use of RSRQ is motivated for handover [17], for link quality determination for handover purposes (with a similar role as Ec/N0 for UTRAN).

RAN4 has also agreed [18] that the reporting range of RSRQ is defined from -19.5 dB to -3 dB with resolution of 0.5 dB. This corresponds to 34 reported values as shown in Table 1 (see TS 36.133):

Table 1: RSRQ measurement report mapping (from TS 36.133)
	Reported value
	Measured quantity value
	Unit

	RSRQ_00
	RSRQ ( -19.5
	dB

	RSRQ_01
	-19.5 ( RSRQ < -19
	dB

	RSRQ_02
	-19 ( RSRQ < -18.5
	dB

	…
	…
	…

	RSRQ_31
	-4 ( RSRQ < -3.5
	dB

	RSRQ_32
	-3.5 ( RSRQ < -3
	dB

	RSRQ_33
	-3 ( RSRQ
	dB


This would require 6 bits. Hence, in measurement reports the full range of RSRQ can be accommodated.

5 Thresholds
Currently there is a discrepancy in the RAN2 and RAN4 specifications on the definitions of the measurement and reselection thresholds. While in TS 36.331 and in the RAN4 specifications (e.g. TS 36.133) the thresholds are given as absolute levels (in dBm), in TS 36.304 they are given as relative levels, with respect to the suitability level (hence in dB).
To the knowledge of the sourcing companies, at the time of writing this discrepancy has not yet been resolved in the RAN working groups. This information is important as it is desirable to keep the procedures in the GERAN and in the E-UTRAN/UTRAN aligned. One disadvantage of the relative levels is that the mobile needs knowledge of the suitability levels of neighbouring cells, which need to be either signalled in the serving cell or read by the mobile from the target cells.
Regarding the signalling of the thresholds, in [5] it is assumed that 5 bits will be used for signalling each threshold. In [9] it can be seen that, in E-UTRAN, for inter-frequency thresholds, the range is from -140 dBm to -44 dBm (same as RSRP) with a resolution of 2 dB. This corresponds to 50 possible values for this parameter. If it is desired to signal the full range, 6 bits are required. Hence the mapping of the reporting range to the available codepoints needs to be defined.
6 Number of frequencies/cells to be monitored

A requirement for the number of E-UTRAN frequencies or cells to monitor should be defined, both for idle mode and for connected mode.
At RAN4#47, the following proposal about the number of inter-frequency frequencies and cells to be monitored by an E-UTRAN terminal in connected mode (originally contained in [10]) was agreed (it can now be found in subclause 8.1.2.3.1 of TS 36.133):
The minimum number of inter-frequency neighbour carrier frequencies which the UE is required to support in LTE is proposed to be 3 (in addition to the intrafrequency layer). On each carrier frequency including the intrafrequency carrier, the UE is required to be capable of monitoring at least 4 cells, regardless of the overall number of carriers which is configured in the neighbour list.
Let’s consider the case of a terminal camping on GERAN which is only required to monitor E-UTRAN cells (either because it only supports E-UTRAN or because only E-UTRAN frequencies are present in the neighbour cell list). In this case, the monitoring requirements for a multi-RAT terminal should not be higher than the inter-frequency requirements for a terminal in E-UTRAN. 
The problem is that in TS 45.008 the inter-RAT monitoring requirements are given in terms of the maximum number of frequencies and cells per frequency to be monitored, rather than in terms of minimum capability:
A multi-RAT MS shall be able to monitor 64 UTRAN cells, divided into (depending on the MS capability):

- FDD cells on up to 3 FDD frequencies, with a maximum of 32 cells per frequency; and/or
- TDD cells on up to 3 TDD frequencies with a maximum of 32 cells per frequency.

As a possible proposal, the maximum number of frequencies that the mobile can monitor can be set to 3 (both for FDD and TDD); the maximum number of cells per frequency is left for further investigation. This would apply both in idle mode and in connected mode.
7 Measurement reporting

In E-UTRAN, in the case of event triggered reporting, it is possible for the network to indicate to the mobile whether RSRP or RSRQ is used as the measurement quantity to trigger a particular measurement reporting event; this is signalled by the network when configuring the report triggering criteria (see the content of the ReportConfigEUTRA IE in TS 36.331; note that the triggering quantity could be different for different events). For measurement reports, it is possible for the network to indicate to the mobile whether to report only the measurement quantity that has triggered a particular reporting event, or both RSRP and RSRQ (this is also signalled in the ReportConfigEUTRA IE in TS 36.331).

For GERAN, due to restrictions in the signalling capacity, it may not be possible to report both quantities for the same cell. One possibility could be to reuse a mechanism similar to the one used for UTRAN cells, whereby one quantity is reported and a threshold is applied for the other one: the cell is only reported if the measured value of the other quantity exceeds the threshold. This is approach taken in the CR.

Although it is assumed that the GERAN network can configure whether the MS should report RSRP or RSRQ for a E-UTRA cell, it should be discussed whether this flexibility is needed in GERAN: inter-RAT handover should be coverage based as cell reselection (as opposed to target system quality). Hence, the reporting quantity could be fixed to be RSRP.

8 Predefined and default configurations
In clause 9 of TS 36.331 it is stated that “Specified and default configurations are configurations of which the details are specified in the standard. Specified configurations are fixed while default configurations can be modified using dedicated signalling
”. This terminology is not consistent with the UTRAN terminology used in TS 25.331, where default configurations are the ones that are fixed, hard-coded in the mobile. This means that there a discrepancy in the terminology between the E-UTRAN and UTRAN specifications.

In E-UTRA, specified and default configurations are limited to signalling radio bearers (as also stated in a previous LS from RAN2 [11]). For this reason, it is proposed to consider only the “specified configurations” in GERAN and ignore “default configurations”; by doing so, there is no need for a terminal in GERAN to read the E-UTRAN system information (as is currently the case for UTRAN predefined configurations, see subclause 6.6.4 and subclause 10.1.1.3 of TS 45.008). Hence, in [5] they have not been considered. If required, they can be added at a later stage.
9 Treselection
The parameter Treselection has been introduced to provide some time hysteresis in the reselection process. There are two options, whereby either only one such parameter is defined for all RATs, or one parameter is defined for each RAT or possibly even for each inter-RAT frequency layer. In [5] it is assumed that only one single parameter is defined for all RATs; this will reduce the amount of signalling required. However, for the E-UTRAN, RAN2 has agreed to signal a value of Treselection per RAT [9]. The most suitable option for the GERAN should be discussed.
Regarding the range of this parameter, in [4] it was proposed to signal values from 0 to 7 seconds with a granularity of 1 second (thus requiring 3 bits for the signalling of this parameter), in order to align with the E-UTRAN approach agreed by RAN2. However, upon a careful consideration of the issue, this may not be the best approach for GERAN. For example, while inter-RAT measurements in UTRAN and E-UTRAN are performed “continually” due to the use of compressed mode, in GERAN 3 seconds out of 13 are available for them. The 3 seconds monitoring period does not need to be continuous and could be split over the 13 seconds period (e.g. three periods of one second); however, the implication is that the values above for this parameter are not realistic for GERAN. In the existing cell ranking algorithm for reselection (see subclause 6.6.5 and subclause 10.1.3.2 of TS 45.008), the reselection criteria need to be satisfied for 5 seconds in order for the reselection to be triggered. One possibility for GERAN could be to keep the current requirement of 5 seconds also for the priority-based algorithm, thus avoiding the introduction of the new parameter Treselection. If this or a similar fixed value cannot be agreed, then an alternative possibility could be to signal the time hysteresis in steps of 5 seconds.
The preference of the sourcing companies is for a fixed time hysteresis; this would also have the advantage that no signalling is required. However, for the time being the CR in [5] still contains Treselection; the CR will be revised after a decision has been made in GERAN.
10 Periodicity for searching of higher priority layers

At RAN4#47, the requirement for the periodicity of searching for higher priority layers was discussed. As a result of the discussion, a value of 60 seconds per layer (i.e. a fixed value, rather than a value configurable by the network) was agreed [12].
It is for further investigation whether and how a similar requirement should be introduced in the GERAN specifications.

11 Time allocated for E-UTRAN measurements
A UTRAN capable mobile in dedicated mode can use 3 seconds out of 13 seconds for 3G measurements. The definition of this requirement was based on the results provided (among others) in [13] and [14]. If a mobile monitors only E-UTRAN, a similar requirement could be defined (subject to confirmation from simulations of cell search times for E-UTRAN cells). But what if the mobile monitors cells of both RATs? Should the requirement be kept as it is, using these 3 second periods for measurements on both UTRAN and E-UTRAN cells, or should a mobile measuring both UTRAN and E-UTRAN (or in general more than one RAT) have different requirements (e.g. x seconds out of 10+x used for inter-RAT measurements, where x may be dependent on the number of monitored RATs)?
These aspects have already been discussed in [15], where it is highlighted that, because there may not be enough search frames to monitor cells in all RATs included in the neighbour cell list, the search frames could be allocated according to the priority of the RATs.
For the time being, in order to minimise the impact on GERAN procedures, it is proposed that the rule of using 3 seconds out of 13 is kept also when monitoring both UTRAN and E-UTRAN. The reason for this is mainly twofold:

· It is expected that most of the time the mobile station will be monitoring only one RAT (in addition to GERAN);

· it is desirable that GERAN procedures (in this case the monitoring of other GSM cells) are impacted as little as possible.

If considered useful, the rule above may be relaxed at a later stage.
Note that in subclause 8 of TS 45.008 it is stated that “If indicated by the parameter 3G_SEARCH_PRIO, the MS may use up to 25 search frames per 13 seconds without considering the need for BSIC decoding in these frames”. Given the particular solution chosen, this statement (and similar ones in other subclauses) does not need to be modified.
For the time being, in [5] it is also assumed that the parameter 3G_SEARCH_PRIO applies to both UTRAN and E-UTRAN.
12 Conclusions

In this document, some further issues (with respect to the ones in [4]) identified during the drafting of the CR to TS 45.008 [5] have been discussed; for some of them, corresponding solutions have been proposed, while others may require further investigation. The decisions are reflected in the revised CR submitted to this meeting.
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� In previous contributions, the possibility that a lower number of bits for the reporting of E-UTRAN quantities may be available has been discussed. This is further investigated in a separate document.


� It is assumed that one of the codepoints has the meaning “measured value below lowest reporting value”, while another codepoint has the meaning “measured value above highest reporting value”.


� It is unclear what is meant by “dedicated signalling”. For example, contributions R2-082415 states: “[…] as a ‘default configuration’ in the specification that can only be overridden by cell-specific values broadcasted in system information (typically in SIB2)”.
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