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1. Introduction
Higher priority reselections were discussed in RAN4#46bis, for example in  [1] ,[2] and [3]. The purpose of this contribution is to address the issues discussed, and propose a way forward for defining requirements for higher priority reselections.

2. Parallel monitoring of E-UTRA and UTRA
Considering E-UTRAN multiple frequency layers, the possibility to share gaps for cell search and measurement is already covered in 36.133 which defines a physical layer measurement period which is scaled by Nfreq
Table 8.1.2.3.1-1: RSRP measurement period and measurement bandwidth

	Configuration
	Physical Layer Measurement period: TMeasurement_Period_FDD_Inter [ms]


	Measurement bandwidth [RB]

	0
	480 x NFreq
	6

	1 (Note)
	240 x NFreq
	50

	TBD
	TBD
	TBD

	Note: This configuration is optional


Since identification time is also scaled by TMeasurement_Period_FDD_Inter according to the following equation, 
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 is also implicitly scaled by Nfreq.
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Considering how this concept could be extended if UTRA cells were being monitored in addition to E-UTRA cells, and for the time being, considering the case of configuration 0, and considering measurements of UTRA and E-UTRA carriers to be rather equivalent (both have the same measurement period) would give
TMeasurement_Period_FDD_Inter = TMeasurement_Period UTRA_FDD = 480 x( NFreq_EUTRA +NFreq_UTRA)

In other words, the all UTRA and E-UTRA carriers would measured with a measurement period which depends on the total number of non serving cell carriers which are configured (regardless of whether they are UTRA or E-UTRA carriers). Similarly, the overall identification time could be proposed to be dependent on the total number of carriers configured.
Several different implementations are possible which should meet these requirements, but the basic principle is that an equal amount of time is assumed to be spent monitoring each carrier in the neighbour cell list, regardless of whether it is a UTRA or an E-UTRA carrier.

Similar principles can also be applied to UEs supporting the optional configuration 1. In this case, our understanding of the requirements is that such UEs would support different measurement periods for different carriers (assuming that different measurement BWs are applicable). In this case the measurement period requirements would be
TMeasurement_Period_FDD_Inter = 480 x (NFreq_EUTRA +NFreq_UTRA) for cells with measurement BW of 6 RBs

TMeasurement_Period_FDD_Inter = 240 x (NFreq_EUTRA +NFreq_UTRA) for cells with measurement BW of 50 RBs

TMeasurement_Period_UTRA_FDD = 480 x (NFreq_EUTRA +NFreq_UTRA)

And cell identification requirements are the corresponding ones derived from TMeasurement_Period and Tbasic_identify for each RAT.

3. Extension to include GSM

When the GSM RAT is being measured on its own, the agreed measurement period for GSM RSSI is also 480ms. Thus the measurement effort for RSSI of all GSM cells is equivalent to monitoring one UTRA/E-UTRA carrier. This assumes that there are sufficient gaps available to make the required 3 samples within 480ms, when at least 10 carriers can be sampled per 6ms gap. If insufficient gaps are available, then some carriers are measured in one 480ms measurement period and the remaining carriers are measured in the next measurement period.
Therefore, following a similar approach to section 2 the impact to ongoing UTRA and E-UTRA measurements can be considered as

TMeasurement_Period_FDD_Inter = 480 x (NFreq_EUTRA +NFreq_UTRA + GSM_Flag) for cells with measurement BW of 6 RBs

TMeasurement_Period_FDD_Inter = 240 x (NFreq_EUTRA +NFreq_UTRA + GSM_Flag) for cells with measurement BW of 50 RBs

TMeasurement_Period_UTRA_FDD = 480 x (NFreq_EUTRA +NFreq_UTRA+ GSM_Flag)

Where GSM_Flag = 1 if GSM neighbours are being measured by the UE, and zero otherwise. Again cell identification requirements can then be derived from TMeasurement_Period and Tbasic_identify for each RAT.

Having considered the impact to measurement periods and cell identification to E-UTRA & UTRA due to some gaps being used for GSM monitoring purposes, it is also necessary to consider the impact to GSM monitoring. Both RSSI and BSIC identification/verification need to be considered.

Considering first RSSI measurement, it seems natural to extend the GSM measurement period in a similar way that the UTRA and E-UTRA measurement periods are proposed to extend. Therefore the GSM measurement period would become
TMeasurement_Period_GSM = 480 x (NFreq_EUTRA +NFreq_UTRA+ 1)

Similarly to the case of monitoring GSM only, in case the UE is not able to acquire the required number of samples per GSM carrier during one measurement period, when at least 25% of the monitoring gaps available for GSM monitoring purposes are used for GSM RSSI purposes the UE shall measure as many GSM carriers as possible during that measurement period using at least 3 samples per GSM carrier. The GSM carriers that were not measured during that measurement period shall be measured in the following measurement periods.  In this case, the “gaps available for GSM monitoring purposes” might need some clarification, but if it is assumed that gaps are being shared equally, then from the total amount of gaps available in the GSM measurement period, the number of gaps that are available for GSM monitoring purposes are given by
(Total Gaps in measurement period) x 1/( NFreq_EUTRA +NFreq_UTRA+ 1)
BSIC identification and verification can be considered in a similar way. When only GSM is being monitored in measurement gaps, it is assumed that 50% of gaps are used for initial BSIC identification. When UTRA or LTE carriers are also being monitored, then expected BSIC identification times can be found based on a reduced number of gaps being available for GSM monitoring purposes

Based on this methodology, initial BSIC identification times for multiRAT monitoring scenarios were simulated. The TDMA frame length is 60/13 ms and the BCH superframe consists of 51 TDMA frames. The BSIC is located at frames 1, 11, 21, 31, and 41 in the superframe, i.e. mostly at 10 TDMA frame intervals except that every fifth interval is 11 TDMA frames. This makes a simple logical analysis between the EUTRAN measurement gap patterns and GERAN frame structure practically impossible. Therefore, a computer-aided analysis scanning all starting times relative to the GERAN superframe. The starting offsets have been scanned with a 10-μs resolution and the times when a BSIC coincides with the measurement gap have been recorded. In consideration of the BSIC identification time, the results represent the number of patterns required to guarantee at least two attempts to decode the BSIC for one GSM BCCH carrier, and an individual attempt is considered successful if the centre of the BSIC is within 2350us of the centre of the measurement gap. It is assumed that the spacing between BSIC identification attempts is 2 x gap_period x (1 + NFreq_EUTRA +NFreq_UTRA) giving the following results:
	Number of carriers in addition to GSM
	Gap for BSIC(40ms overall pattern)
	T_indentify
	Gap for BSIC(120ms overall pattern )
	T_indentify

	 
	Distance between gaps used for BSIC identification
	Max
	Min
	Mean
	Distance between gaps used for BSIC identification
	Max
	Min
	Mean

	0
	80
	2160
	240
	1378
	240
	5040
	240
	3726

	1
	160
	9920
	800
	3934
	480
	19200
	2400
	9720

	2
	240
	5040
	240
	3726
	720
	27360
	2880
	13835

	3
	320
	15630
	1600
	6776
	960
	25920
	3840
	16292

	4
	400
	47600
	800
	20318
	1200
	58800
	2400
	29112

	5
	480
	19200
	2400
	9720
	1440
	54720
	4320
	27110


Table 1: Results for initial BSIC identification
 Considering the approach for verification of known BSICs, the situation is somewhat different. In this case, the UE already knows when to expect that the BSIC will be transmitted. It can therefore perform smarter scheduling of measurements than following a strict round robin approach. In other words, if the UE is expecting that a BSIC transmission will occur during a gap which would normally be expected to be reserved for UTRA or E-UTRA measurements, it can steal the gap for GSM monitoring purpose (so that the expected BSIC can be verified) and then provide one additional gap for UTRA/E-UTRA monitoring in compensation, so that the monitoring of the other systems is not unduly affected. This approach was discussed in more detail in [1]. Based on this approach, it might not be appropriate to base BSIC verification on simulations with a strict gap share between carriers, but on the other hand, some relaxation compared with the GSM only monitoring may be appropriate. Further consideration may be needed in this area.

4. Conclusions

This contribution has outlined a proposal for how measurement requirements could be extended to allow monitoring of RATs on multiple frequencies.
The basis of this proposal is that additional UTRA carriers are treated in a similar manner to additional E-UTRA carriers, and that GSM RAT is considered equivalent to monitoring one additional carriers.
 The key points of the approach are

- E-UTRA measurement period would be scaled by (NFreq_EUTRA +NFreq_UTRA + GSM_Flag)

- E-UTRA cell identification time would be scaled by (NFreq_EUTRA +NFreq_UTRA + GSM_Flag) (implicit in the definition of Tidentify)
- UTRA measurement period would be scaled by (NFreq_EUTRA +NFreq_UTRA + GSM_Flag)

- UTRA cell identification time would be scaled by (NFreq_EUTRA +NFreq_UTRA + GSM_Flag) (implicit in the definition of Tidentify)
- GSM measurement period would be scaled by (NFreq_EUTRA +NFreq_UTRA + GSM_Flag)

- GSM BSIC identification requirement would be derived from simulation of BSIC timing with the assumption that every Nth gap where N = ( NFreq_EUTRA +NFreq_UTRA+ 1) is used for GSM monitoring, and 50% of the gaps for GSM monitoring are used for BSIC identification

- GSM BSIC verification requirements need further consideration, but careful scheduling of the gaps by the UE can help to allow more frequent verification of GSM BSIC.
It should be noted that this approach does not allow for prioritisation of the measurements, and is the approach to be taken when the UE has no a-priori information about which RAT is more likely to be the one of interest. As noted, for example in [2], prioritisation can be performed by the E-UTRA network by  configuring one measurement at a time.
A similar approach was used in 25.133 when defining gap sharing for cell-FACH measurement occasions for UTRA. If such an approach is considered feasible also for E-UTRA monitoring of multiple systems, then the corresponding measurement performance requirements could be developed by RAN4#48. 
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