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1. Introduction

Currently there could be at most 8 E-UTRA frequency to be configured by SIB19 or MC, however it is noticed in some NW deployment scenarios, 8 neighbouring E-UTRA frequencies is not enough, specifically in the case of NW sharing. In this paper, some observation is identified and some possible solutions are proposed to discuss.

2. Observation
2.1 Variable Definition
EUTRA_FREQUENCY_INFO_LIST and PRIORITY_INFO_LIST are introduced into [1] to achieve mobility from UTRA to E-UTRA in Rel-8. SIB19 and Measurement Control could configure EUTRA_FREQUENCY_INFO_LIST, SIB19 and UTRAN Mobility Information could be used to modify and update priority information stored in PRIORITY_INFO_LIST (UMI could not be used to configure priority for frequency which is not included in the variable EUTRA_FREQUENCY_INFO_LIST), Fig 1 below illustrated how the variables are maintained.
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Figure 1 How EUTRA_FREQUENCY_INFO_LIST and PRIORITY_INFO_LIST are maintained

EUTRA_FREQUENCY_INFO_LIST could be maintained and updated by SIB19 and Measurement Control. Besides, EUTRA_FREQUENCY_INFO_LIST shall be cleared each time upon UE’s reading SIB19, regardless the value of "priority status" for PRIORITY_INFO_LIST.

If PRIORITY_INFO_LIST is retrieved from BCCH, each time when reading SIB19 this variable would be cleared and reconstructed with information got from SIB19; if it is retrieved from dedicated priority, each time when UE read SIB19, the thresholds in every occurrence would be cleared and re-filled with information got from SIB19, and the lifecycle for it depends on the configurable T322 or clearing command from NW.

It is specified in 25.304 that:
If priority information is provided for any inter-RAT layers in a RAT, cells belonging to layers in that RAT for which no priority or no threshold is assigned shall not be considered for reselection.
However it is noted from figure1 the threshold for reselection stored in PRIORITY_INFO_LIST could be configured only by SIB19. Therefore EUTRAN freq which could be considered for cell reselection shall be signalled as part of SIB19.
Observation1: SIB19 is the only method to configure threshold info for reselection, EUTRAN freq which could be considered for cell reselection shall be signalled as part of SIB19.
2.2 Scenario

Supposed E-UTRA capable UE camped on shared UTRAN, and separate EUTRAN frequency are deployed. 
illustrates this scenario.
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Figure 2 A scenario which more than 8 E-UTRA frequencies is deployed

In [1] it is specified there could be at most 8 E-UTRA frequencies to be configured and stored (maxNumEUTRAFreqs = 8) , while there could be a scenario as illustrated in figure2 that more than 8 E-UTRA frequencies are deployed. There is not enough room to signal all the neighbouring EUTRA frequencies in SIB19. Considering our observation1, it could be deduced in this deployment scenario that measurement and cell reselection to some of these EUTRA frequencies are not possible.
Observation2: 8 EUTRA frequencies signalled in SIB19 maybe not enough in case neighbouring EUTRA frequencies are from (more than) 2 different operators.
The other issue is, as known, SIB18 could signal PLMN info for neighbouring cells, including intra-frequency, inter-frequency, GERAN neighbouring cells. And currently SIB18 is not applicable for EUTRA. That is, UE is not aware of the PLMN info of candidate E-UTRA frequency. 
Therefore, before UE perform cell reselection to the highest ranked EUTRA cell, UE should firstly read the SIB of target EUTRA cell to determine whether this EUTRA frequency is suitable to camp, which would introduce some unnecessary reselection time delay. 

In addition, according to 3GPP 25.304, if that EUTRA frequency is determined not suitable to camp, UE shall not consider this frequency as candidate for reselection for a maximum of 300s, which measn, UE may perform measurement and re-read SIB for that frequency after 300s, which would cause unnecessary UE battery consumption.
TS 25.304:
If the highest ranked cell or best cell according to absolute priority reselection rules is an inter-RAT cell which is not suitable due to being part of the "list of forbidden LAs for roaming" or belonging to a PLMN which is not indicated as being equivalent to the registered PLMN, the UE shall not consider this cell and other cells on the same frequency as candidates for reselection for a maximum of 300s. 
Observation3: The Inter RAT cell reselection from the shared UTRAN to separated LTE may be slowed down due to the reselection attempts and reading of the SIB of the target cell to which the UEs are supposed to reselect. Meanwhile, it would also cause unnecessary UE battery consumption.
3. Discussion
To solve the problem raised above, it is reasonable to consider extending the number of E-UTRA frequencies which could be signalled in SIB19, however, it is noted in 25.133, the minimum capability for E-UTRA capable is defined as below：  

For idle mode cell re-selection purposes, the UE shall be capable of monitoring:

……（omited）……
-
Depending on UE capability, up to 4 E-UTRA FDD carriers, and

-
Depending on UE capability up to 4 E-UTRA TDD carriers

That is to say, even if more than 4 E-UTRA FDD carriers +4 E-UTRA TDD carriers are signalled in SIB19, for UE with minimum E-UTRA measurement capability, measurement could not be performed on those carries beyond UE capability. Besides, according to LTE agreement in [2], network should take UE minimum capability into account when configure EUTRA carriers. Therefore, it does not solve this problem by simply signalling more than 4 E-UTRA FDD carriers +4 E-UTRA TDD in SIB19.
In this paper, two solutions are proposed for discussion.

2.3 Solution1

One possible solution is to remove the limitation in observation1, that is, RNC could filter and configure dedicated priority and for connected UE according to its HPLMN with DCCH signalling, and DCCH signalling also should be able to configure E-UTRA frequency list as well as threshold info, so that UE could store the dedicated priority and use this info for cell reselection even if when UE enters into idle.
To achieve this solution, some specification modification is needed. Firstly, DCCH control message is expected to be extended to configure threshold for cell reselection; secondly, if EUTRA_FREQUENCY_INFO_LIST is retrieved from DCCH, it should have the same lifecycle (T322) as the variable PRIORITY_INFO_LIST, that is, reading SIB19 shall not clear and replace this variable so that this dedicated info could be inherited to use for idle mode. The DCCH control message could be either Measurement Control or UTRAN mobility information.

Alternative1: DCCH control message is expected to be extended to configure threshold for cell reselection and if EUTRA_FREQUENCY_INFO_LIST is retrieved from DCCH, it should have the same lifecycle as the variable PRIORITY_INFO_LIST. 

2.4 Solution2

One other solution is, to extend SIB19 to allow signalling more than 8 EUTRA frequencies, at the same time, configure the PLMN info (and multi PLMN info if EUTRA frequency is shared by different operators) for each EUTRA frequency. For each enhanced UE, only those EUTRA frequencies belong to its HPLMN and EPLMN would be considered to measure and perform cell reselection.
For example on figure2, totally 9 EUTRA frequencies would be signalled in SIB19, f1-f4 is signalled for PLMN A, and f5-f9 is signalled for PLMNB. UE would read and stored all the 9 frequencies. For UE belongs to PLMN A, only f1-f4 would be measured and considered for cell reselection; for UE belongs to PLMN B, only f5-f9 would be measured and considered for cell reselection. For any UE belongs to PLMN A or PLMN B, the number of frequency to measure is within UE’s minimum measurement capability.
Alternative2:SIB19 is extended to signal more than 4 E-UTRA FDD carriers +4 E-UTRA TDD carriers, and PLMN info would be configured together with EUTRA frequency info. UE is responsible for filtering which frequency to measure according its selected PLMN. 
2.5 Comparison
Both solution1 and solution2 are feasible to solve the problem raised by observation2 and observation3. However, it is noted if solution1 is adopted, it should be considered on which DCCH message would be extended:
If Measurement Control is enhanced to extend for this purpose, however, it should be noted currently only CELL_DCH user could receive the MC for E-UTRA measurement configuration. That is, to configure the dedicated priority info for cell reselection, connected UE must ever be state transition to CELL_DCH to get this information.

UTRAN Mobility Information could be transmitted to connected UE at any time, and if UMI message is enhanced to extend for this purpose, the specification should be changed to allow UMI to update EUTRA_FREQUENCY_INFO_LIST. 
From our point of view, solution1 is a bit more complex and more specification impact than solution2, therefore, we slightly prefer solution2.
3 Conclusion
In this paper, it is identified when UE camps on sharing 3G while EUTRAN frequency is separated belong to different operators, current scheme maybe not feasible for signalling all candidate EUTRA frequency to idle UE for reselection. And two alternatives are proposed to discuss.

Proposal1: It is proposed RAN2 discuss the identified scenario and observation.

Proposal2: It is proposed RAN2 discuss and decide the solution. 
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5 Appendix
10.2.48.8.22
System Information Block type 19
The system information block type 19 contains Inter-RAT frequency and priority information to be used in the cell.
	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description
	Version

	UTRA priority info list
	MP
	
	UTRA priority info list 10.3.7.113
	
	REL-8

	GSM priority info list
	OP
	
	GSM priority info list 10.3.7.114
	
	REL-8

	E-UTRA frequency and priority info list
	OP
	
	E-UTRA frequency and priority info list 10.3.7.115
	
	REL-8


10.3.7.115
E-UTRA frequency and priority info list

Contains information about neighbour E-UTRA frequencies (with associated blacklists), together with priority based reselection information.

	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description
	Version

	E-UTRA frequency and priority
	
	1 to FFS
	
	
	REL-8

	>EARFCN
	MP
	
	Integer(0..65535)
	EARFCN of the downlink carrier frequency [36.101]
	REL-8

	>Measurement Bandwidth
	MD
	
	Enumerated(6, 15, 25, 50, 75, 100)
	Measurement bandwidth information common for all neighbouring cells on the carrier frequency. It is defined by the parameter Transmission Bandwidth Configuration, NRB [36.104]. The values indicate the number of resource blocks over which the UE could measure. Default value is 6.
	REL-8

	>priority
	MP
	
	Integer (0..<maxPrio–1>)
	0 is the lowest priority and maxPrio-1 is the highest.
	REL-8

	>QrxlevminEUTRA
	MP
	
	Integer (-140..-44 by step of 2)
	RSRP, [dBm]
	REL-8

	>Threshx, high
	MP
	
	Integer (0..62 by step of 2)  
	RSRP, dB


	REL-8

	>Threshx, low
	MP
	
	Integer (0..62 by step of 2)  
	RSRP, dB


	REL-8

	>QqualminEUTRA
	MD
	
	Integer (-34..-3)
	RSRQ, dB

default value is negative infinity
	REL-9

	>Threshx, high2
	OP
	
	Integer (0..31)
	RSRQ, dB


	REL-9

	>Threshx, low2
	OP
	
	Integer (0..31)
	RSRQ, dB


	REL-9

	>Blacklisted cells per freq list
	OP
	1 to <maxEUTRACellPerFreq>
	
	
	REL-8

	>>Physical Cell identity
	MP
	
	Integer (0..503)
	A list of blacklisted cells can be signalled per frequency
	REL-8

	>E-UTRA detection
	MP
	
	Boolean
	‘TRUE’ means that the UE may detect the presence of a E-UTRA cell and report to NAS.

NOTE 1.
	REL-8

	> PLMN identity
	OP
	
	PLMN identity 10.3.1.11
	
	REL-11

	> Multiple PLMN list
	OP
	1 to 6
	
	This IE contains the PLMN identities of neighbour E-UTRA frequency; it is used in a shared E-UTRA network.
	REL-11

	>> PLMN identity with Optional MCC
	MP
	
	PLMN identity with Optional MCC 10.3.1.11a
	
	REL-11

	NOTE 1:
If the value of “E-UTRA detection” is not identical across the frequency layers, UE behaviour is unspecified.


NOTE:
The network should ensure that priorities for different Radio Access Technologies are always different.

NOTE:
The network should ensure that priorities for which both Threshx,high2 and Threshx,low2 are provided are always different from the priorities for which both Threshx,high2 and Threshx,low2 are not provided.

