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1. Introduction
During RAN4#44 it was agreed to use as a working assumption that periodic gap sequences with 6 ms length are used for LTE inter-frequency monitoring purpose [1,3,4]. During that meeting the option to extend this simple LTE periodical gap pattern to perform combined monitoring for all the existing 3GPP RATs was discussed. RAN4 concluded that further study was required. 
More recently further analysis to determine achievable performance for GERAN monitoring from LTE using simple periodic gap sequences has been performed in [2]. This analysis is mainly focused on GERAN Initial BSIC Identification. Similarly, the discussions within this meeting concluded that further analysis was required to assess the feasibility for the combined E-UTRAN/UTRAN/GERAN case [6].
This contribution provides initial analysis on the achievable performance for combined LTE, GERAN and UTRAN using a simple periodic gap pattern with gap length equal to 6 ms. 
2. GERAN monitoring performance
On the assumption that GERAN monitoring from EUTRAN has similar performance requirements to GERAN monitoring from UTRAN, 3 parallel activities are required [5]:
· GSM RSSI measurements: One measurement is produced every 480ms for each GSM frequency to be measured. Each measurement is the average of at least 3 different samples. The measurement samples for each GSM carrier must be as evenly distributed as possible over the gaps in the measurement period.
· GSM Initial BSIC Identification: The measurements in the preceding step are then sorted in decreasing power order. Initial BSIC Identification attempts are performed for the strongest N cells (where N is in the range 4… 8) starting with the strongest carrier. A successful initial BSIC identification attempt can be performed (in good signal conditions) when a GSM Synchronisaton Burst is present within the monitoring gap. 
· GSM BSIC Re-Confirmation:  The BSIC for already identified cells is decoded again periodically in order to verify that all previously identified GSM cells are still being received. . A successful BSIC re-confirmation attempt can be performed (in good signal conditions) when a GSM Synchronisaton Burst is present within the monitoring gap. During BSIC re-confirmation priority is given to those cells that have been least recently re-confirmed. Note that during BSIC re-confirmation gaps no Rx activity needs to be performed apart from those (relatively infrequent) time periods containing a GSM frequency burst, therefore not all the monitoring time available is fully utilised.
In the sections below some initial analysis is performed on the achievable performance for each one of these steps.
2.1. GSM RSSI performance

On the assumptions that [5] still applies we have: 
· Each measurement sample must be obtained in no more than 0.5-0.6 ms. Therefore in a 6 ms gap at least 13 measurement samples can be obtained. 
· The measurement period s 480 ms

· The GSM neighbour cell list contains up to 32 cells [5]. 

In order to obtain 3 samples per cell at least 8 gaps are required.  If all the 32 GSM carriers need to be measured then one 6ms gap to perform GSM RSSI measurements is required every 80 ms. 
The delay introduced by GSM RSSI relates to the GSM RSSI measurement period and is therefore at least 480 ms (960 ms worst case). This delay will be common to all pattern implementations on the assumption that all the GSM carriers within the GERAN NCL can be measured over 480 ms.
If there is not sufficient time to obtain at least 3 samples for all the GSM cells in the GSM NCL, a subset of those cells is measured to guarantee that all measurements reported are the result of averaging at least 3 samples for each GSM carrier. This case results therefore in higher detection delays. However, there may also be some scope for further tightening of the measurement duration figures established within Rel99 when considering the current state of the art in radio technology. As an initial approximation a GSM RSSI measurement delay equal to 960 ms will be used in the assessment that follows.

2.2. GSM Initial BSIC Identification performance

Our results for Initial BSIC Identification using periodical gaps are aligned with those in [2] as described in the table below. These results assume that in a 6 ms gap a period Toverhead= 0.5 ms is required for receiver reconfiguration to/from LTE, leaving 5.5 ms available for GSM Rx activity. One additional gap repetition period has been added. 
It is worth noting that there are significant limitations in the choice of TGSM BSIC ID because the GSM synchronization burst is only transmitted infrequently, once every 10 or 11 GSM frames. This places a constraint in the choice of joint monitoring patterns as shown in later sections. 

Table 1 - Initial BSIC Identification performance using periodic monitoring patterns, single attempt in good signal conditions.

	Repetition Period        TGSM BSIC ID (ms)
	Gap duration Tgap (ms)
	Average Search Time (ms)
	Maximum Search Time (ms)

	30
	6
	174.55
	540

	40
	6
	198.03
	720

	60
	6
	273.64
	600

	80
	6
	371.95
	960

	120
	6
	545.03
	1200


2.3. GSM BSIC re-confirmation performance

The results in the previous section are equally applicable to BSIC re-confirmation on the assumption that there is no clash between two GSM frequencies due to synch burst time overlap, in which case only the synchronization burst for the least recently re-confirmed cell can be decoded.
3. UTRAN monitoring performance

Contrary to GERAN Initial BSIC Identification, there is no restriction for UTRAN monitoring in terms of gap periodicity that has a direct effect in performance. 
UTRAN Inter-frequency cell identification performance requirement scales with gap density (i.e. the percentage of time devoted to UTRAN Inter-frequency measurements) [5], subsection 8.1.2.3.1. Given that the situation is identical to UTRAN cell identification by an LTE UE, the same performance requirement is applicable.
“The UE shall be able to identify a new detectable cell belonging to the monitored set within 
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A cell shall be considered detectable when 

-
CPICH Ec/Io > -20 dB,

-
SCH_Ec/Io > -17 dB for at least one channel tap and SCH_Ec/Ior is equally divided between primary synchronisation code and secondary synchronisation code. When L3 filtering is used an additional delay can be expected.”

With [5], subsection 8.1.2.3.2,


TMeasurement_Period Inter = 480 ms. The period used for calculating the measurement period Tmeasurement_inter for inter frequency CPICH measurements.


TInter:: This is the minimum time that is available for inter frequency measurements , during the period TMeasurement_Period inter with an arbitrarily chosen timing. The minimum time per transmission gap is calculated by using the actual idle length within the transmission gap as given in the table 11 of Annex B in TS 25.212 and by assuming 2*0.5 ms for implementation margin and after that taking only full slots into account in the calculation.


Tbasic_identify_FDD,inter = 300 ms. This is the time period used in the inter frequency equation where the maximum allowed time for the UE to identify a new FDD cell is defined.

Assuming Nfreq=1 and given that Tinter ≈ (6 – 2*0.5) * (480 / TUTRAN) = 2400/TUTRAN, where TUTRAN is the gap periodicity for monitoring UTRAN, we have
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On the assumption that the performance requirements for UTRAN monitoring from LTE are equivalent to UTRAN inter-frequency performance requirements in [5], the maximum cell detection times would be those in Table 2.

Table 2 – UTRAN cell detection requirements from LTE as a function of the gap periodicity TUTRAN.
	TUTRAN

(ms)
	Maximum UTRAN 

cell detection time 

(ms)

	20
	1200

	30
	1800

	40
	2400

	60
	3600

	80
	4800

	120
	7200


4. E-UTRAN monitoring performance

Unfortunately, RAN4 has still not made sufficient progress in this area and no LTE inter-frequency cell identification requirements currently exist. Similarly to UTRAN LTE inter-frequency cell identification requires 2 consecutive steps: 

· Cell detection and synchronisation
· Measurements averaged over a number of successive gaps spanning an Inter-frequency measurement period (whose duration is still TBD). 

· (No P-BCH decoding performed)

Given the above we believe that, in the absence of more accurate figures, as a very crude initial approximation for the purpose of the analysis performed below it will be assumed that E-UTRAN cell identification performance is within a bracket of 0.5x to 2x relative to UTRAN cell detection performance.
Contrary to GERAN Initial BSIC Identification and Re-confirmation, there is no restriction for E-UTRAN monitoring in terms of gap periodicity that has a direct effect in performance. As discussed in [1], any gap whose length equals 6 ms is guaranteed to contain P-SCH, S-SCH and LTE Reference Symbols to perform LTE cell identification in full.
5. Combining GERAN/UTRAN/E-UTRAN monitoring in a single gap sequence
In this section the feasibility of combined GERAN/UTRAN/E-UTRAN using a single gap sequence is examined. The performance of a monitoring scheme with the following features is analysed:
· A single, periodic, gap sequence is allocated for joint GERAN/UTRAN/E-UTRAN. Gap length is 6 ms and gap repetition period is Tperiod.
· Each RAT is allocated a fixed proportion of the total number of gaps available (e.g. 1/3 for each RAT). Gaps for different purposes are interleaved in time so that all the gap types are evenly spaced in time acoording to the time share that each has been allocated. Note that the network does not need to specify the purpose for each one of the gaps since gap purpose allocation is entirely up to the UE. 
· The gaps allocated to GERAN monitoring have suitable periodicity properties so that optimal or near-optimal performance can be achieved for both Initial BSIC Identification and BSIC Re-confirmation (see Table 1 and [2]). Furthermore, GSM monitoring gaps are used for two separate purposes every other gap:
· GSM Initial BSIC Identification, every TBSIC ID
· Combined GSM RSSI and GSM BSIC re-confirmation  gaps, every TRSSI+BSIC RECNF. In order to guarantee that a minimum number of measurements can be performed, an upper bound on the maximum number of BSIC re-confirmations per gap is imposed. For example, at most one GSM Sync Burst may be decoded, and the remaining time is used for GSM RSSI measurements (see Figure 1).
· Gaps allocated to UTRAN monitoring are scheduled every TUTRAN. 

· Gaps allocated to E-UTRAN monitoring are scheduled every TE-UTRAN.
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Figure 1 - Combining GSM RSSI measurements and BSIC re-confirmation within the same monitoring gap.
5.1. Achievable Performance for Combined Monitoring (3 RATs)
Table 3 describes the cell detection performance achievable by using consecutive monitoring gaps for different purposes. All the results have been obtained by combining the results described within earlier sections. The rows in the table correspond to the following gap sequences:

· Row 1, Row 4: (GSM RSSI and BSIC Re-confirmation, GSM Initial BSIC Identification, UTRAN, E-UTRAN Inter-frequency)

· Row 2: (GSM RSSI and BSIC Re-confirmation, UTRAN, E-UTRAN Inter-frequency, GSM Initial BSIC Identification, UTRAN, E-UTRAN Inter-frequency).
· Row 3: (GSM RSSI and BSIC Re-confirmation, GSM BSIC Identification, E-UTRAN Inter-frequency, GSM RSSI and BSIC Re-confirmation, GSM BSIC Identification, UTRAN)

Table 3 – Cell detection delay for combined  GERAN/UTRAN/EUTRAN

	Tperiod  (ms)
	TRSSI+BSIC RECNF (ms)
	TBSIC ID (ms)
	TUTRAN (ms)
	TE-UTRAN (ms)
	GERAN RSSI delay (ms)
	GERAN cell id avg. delay (ms)
	GERAN cell id max. delay (ms)
	UTRAN cell id max. delay (ms)
	E-UTRAN cell id max. delay (ms)

	20
	80
	80
	80
	80
	960
	371.95
	960
	4800
	2400 - 9600 

	20
	120
	120
	60
	60
	960
	545.03
	1200
	3600
	1800 - 7200

	20
	60
	60
	120
	120
	960
	273.64
	600
	7200
	3600 - 14400 

	30
	120
	120
	120
	120
	960
	545.03
	1200
	7200
	3600 - 14400


5.2. Achievable Performance for Combined Monitoring, (2 RATs)
Table 4 contains achievable performance for combined GERAN and either UTRAN or inter-frequency E-UTRAN. Table 5 contains achievable performance for combined UTRAN and inter-frequency E-UTRAN monitoring. As in the previous section, all the results have been obtained by combining the results described within earlier sections.
Table 4 – Cell detection performance for combined (GERAN + UTRAN) or or (GERAN +E-UTRAN Inter-frequency)

	Tperiod  (ms)
	TRSSI BSIC RECNF (ms)
	TBSIC ID (ms)
	TUTRAN (ms) or TE-UTRAN (ms)
	GERAN RSSI delay (ms
	GERAN cell id avg. delay (ms)
	GERAN cell id max. delay (ms)
	UTRAN cell id max. delay (ms)
	E-UTRAN cell id max. delay (ms)

	20
	60
	60
	60
	960
	273.64
	600
	3600
	1800 - 7200

	20
	80
	80
	40
	960
	371.95
	960
	2400
	1200 - 4800

	30
	120
	120
	60
	960
	545.03
	1200
	3600
	1800 - 7200


Table 5 – Cell detection performance for combined UTRAN + E-UTRAN Inter-frequency

	Tperiod  (ms)
	TUTRAN (ms)
	TE-UTRAN (ms)
	UTRAN cell id max. delay (ms)
	E-UTRAN cell id max. delay (ms)

	20
	40
	40
	2400
	1200 - 4800

	30
	60
	60
	3600
	1800 – 7200

	40
	120
	120
	7200
	3600 - 14400


6. Discussion

The scheme that has been analysed is useful in order to estimate achievable performance and derive suitable performance requirements. The figures presented in the earlier sections correspond to some initial analysis, but there are a number of options to trade off performance against gap density that can be examined in further detail, such as.

- modifying gap density (with associated increased search times)

- limiting the maximum number of systesm being monitored simultaneously 
- a combination of the above.

Given that there is likely to be further room for optimisation we believe the UE manufacturers should be provided freedom to perform optimized designs. Therefore it seems preferable for the specifications to only contain performance requirements that depend on both the monitoring gap sequence and the set of RATs being monitored.

As already indicated in [2], the key strength of this scheme is its simplicity, which can result in simple signaling schemes to enable or disable the monitoring gap scheduling activity. Once a monitoring gap sequence has been activated the network can easily reconfigure the UE to monitor all 3GPP systems or a subset thereof with immediate effect, without having to wait for another gap sequence to become active. Note also that the network is free to configure both serial and parallel monitoring activity of different 3GPP RATs. 
7. Conclusions

The initial analysis presented in the earlier sections indicates that combined monitoring of E-UTRAN inter-frequency, UTRAN and GERAN from an LTE UE is feasible from a cell detection performance perspective. Further work is required in order to identify optimal monitoring patterns, trade off gap density against detection delay, validate the E-UTRAN inter-frequency cell identification assumptions and evaluate any impact of the proposed patterns on the overall system. The possible extension of this scheme to other non-3GPP RATs also remains for further study. 

We believe that there are sufficient strengths in the combined monitoring approach for all 3GPP RATs for it to be adopted as a working assumption within RAN4 so that more detailed study and optimisations can be performed by the group. 
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