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1.  Introduction
Ways to reduce (or remove) NCL in LTE is currently being discussed in RAN2 [1, 2]. In RAN2#57bis, operators were asked to provide opinions on the necessary mechanisms and parameters, based on the current UTRAN SIB3 and SIB11. This paper provides operator’s view on which of the UTRAN SIB3/11 IEs are necessary in LTE, and discusses the necessary mechanisms and parameters.
2. Current working assumptions
The current RAN2 working assumptions regarding NCL are (only the relevant parts are copied from [3]):
For intra-frequency cells:

· There is not need to indicate neighbouring cell in the serving cell system information to enable the UE to search and measure a cell, i.e., E-UTRAN relies on the UE to detect the neighbouring cells;
· It is FFS if there is a need to indicate specific intra-frequency neighbouring cells to speed up their detection;
· It should be possible to use cell reselection parameters for specific intra-frequency neighbouring cells. The means to signal these parameters is FFS, i.e., it is FFS whether these parameters are part of the neighbouring cell information provided by the serving cell, or are provided on the BCH of the neighbouring cell, or whether the second approach is used for parameters that are often cell specific while the first mechanism is used for parameters that rarely are cell specific.
For inter-frequency cells:

· For the search and measurement of inter-frequency neighbouring cells, only the carrier frequencies need to be indicated;
· For inter-frequency neighbouring cells, there is no need to indicate cell-specific cell reselection paramters, i.e., these parameters are common to all neighbouring cells on a frequency.
For inter-RAT cells:

When the UE is camping on LTE:

· Only the frequency needs to be indicated to enable the UE to search and measure UTRA neighbouring cells;
· It is FFS if there is a need to indicate each neighbouring GSM cell in the serving cell system information to enable the UE to search and measure a cell or if it is sufficient to indicate the list of BCCH frequencies (range);

· For UTRA neighbouring cells, there is no need to indicate cell-specific cell reselection parameters, i.e., these parameters are common to all neighbouring cells on a UTRA frequency;

· For GSM neighbouring cells, the need to indicate cell-specific cell reselection parameters is FFS.
When the UE is camping on another RAT:
· Only the carrier frequencies need to be indicated to enable the UE to search and measure E-UTRA neighbouring cells;

· For E-UTRA neighbouring cells, there is no need to indicate cell-specific cell reselection parameters, i.e., these parameters are common to all neighbouring cells on an E-UTRA frequency.
3. Discussion
3.1  Ways of specifying cell reselection parameters
According to the discussions in RAN2, there are currently three possible solutions of specifying cell reselection parameters:
Solution 1:  The serving cell broadcasts parameters applicable to all the neighbouring cells.

The parameters would apply to the mobility control between the current and all the neighbouring cells (on a frequency layer). As have been pointed out in [4], offset values (Qoffset/CIO) cannot be provided solely by this solution due to potential ping-pongs under certain offset settings. The offsetting mechanism would have to rely either on Solution 2 or (a combination of 1 and) 3. It is thought that the parameters can be sent over D-BCH, except for those to which Solution 3 is applied (e.g., offset values).
Solution 2:  The serving cell broadcasts parameters applicable to a specific cell (i.e., NCL).

This is similar to UTRAN SIB11. This allows parameters to be specified for a certain neighbouring cell (i.e., parameters are pairwise specific and hence 1-to-1). These parameters shall be transmitted on D-BCH, and the repetition interval can be about 640 ms (for example) as these parameters are needed only after the UE camps onto that cell. However, under the baseline concept to reduce the system information overhead, it has been argued that its use should be limited to exceptional cases (e.g., tunnel scenario).
Solution 3:  The UE obtains cell specific parameters directly by reading the neighbouring cell BCH.
Since all UEs that detect the cell would read the BCH and apply the parameters included therewith, these parameters apply to all the cells neighbouring to that cell (i.e., the parameters are 1-to-all). For the UE to read system information on D-BCH, the UE would have to read the P-BCH, identify the relevant D-BCH timing, and receive the L1/L2 control channel. To avoid this complexity, the parameters to be read should all be mapped to P-BCH. However, since P-BCH would be transmitted frequently (10-80 ms, FFS), the resulting overhead can be large (32 times overhead if 20 ms and 640 ms repetitions are assumed for P-BCH and NCL, respectively). Moreover, the UE would have to receive the P-BCH for each neighbouring cell that is detected (although ways to limit this reading can be considered, e.g., by limiting to cells that satisfy certain radio conditions).
Solution 1 is by default necessary. The question is whether Solution 3 shall be supported, and to what extent Solution 2 should be used in accordance. To progress further on this question, necessity of the SIB3 and SIB11 IEs are assessed in Sections 3.2 and 3.3, respectively, followed by detailed discussions in Section 3.4.
3.2  Assessment of necessary IEs based on UTRAN SIB3
In UTRAN, SIB3 carries cell selection/reselection parameters applicable on the current cell [5]. The UTRAN SIB3 IEs (except for those related to HCS and TDD) are listed in Table 1, with an added column indicating the need for each IE from operator’s perspective. Note that the bit sizes are shown to indicate rough amounts of information, as the exact number of bits depends on ASN.1 coding. As shown in Table 1, most of the parameters are thought necessary also in LTE. We propose that the IEs indicated as needed in Tables 1 are also supported in LTE.
Table 1. Assessment of necessary IEs based on UTRAN SIB3.

	IE
	Need
	Type
	Bit
	Description
	Need in LTE

	Cell selection and reselection quality measure
	MP
	Enum(Ec/N0, RSCP)
	1
	The same IE in SIB11/12 must have the same value.
	Needed (should capture results of RAN1)

	Sintrasearch
	OP
	Int(-32..20 step 2)
	5
	Intra-frequency measurements can be omitted if the current cell's quality meets this criterion.
	Needed

	Sintersearch
	OP
	Int(-32..20 step 2)
	5
	Inter-frequency measurements can be omitted if the current cell's quality meets this criterion.
	Needed

	>Ssearch,RAT
	(MP)
	Int(-32..20 step 2)
	5
	Inter-RAT measurements can be omitted if the current cell's quality meets this criterion. MP per RAT.
	Needed (one value may be sufficient for all RATs if other mechanisms to selectively perform measurements on other RATs are introduced.)

	Qqualmin
	MP
	Int(-24..0)
	5
	Min required Ec/N0 [dB]
	Needed

	Qrxlevmin
	MP
	Int(-115..-25 step 2)
	7
	Min required RSCP [dBm]
	Needed

	DeltaQrxlevmin
	CV (OP)
	Int(-4..-2 step 2)
	1
	OP only in case a value less than -115 dBm needs to be set for Qrxlevmin, in which case Qrxlevmin += Delta.
	Not needed

	Qhyst1s
	MP
	Int(0..40 step 2)
	5
	Cell reselection hysteresis (RSCP) [dB]
	Needed

	Qhyst2s
	CV (MD)
	Int(0..40 step 2)
	5
	Cell reselection hysteresis (Ec/N0) [dB]. MD in case the quality measure is Ec/N0.
	Not needed (Only one Qhyst relevant for the quality measure should be sent. See note below.)

	Max allowed UL Tx power
	MP
	Int(-50..33)
	7
	Max allowed UL Tx power [dBm]
	MD or MP (depends on discussions in RAN4)

	Treselection
	MP
	Int(0..31)
	5
	Time-to-trigger [s]
	Needed

	Inter-freq. scaling factor for Treselection
	OP
	Real(1..4.75 step 0.25)
	4
	Treselection is scaled by this factor for inter-frequency cells.
	Needed

	Inter-RAT scaling factor for Treselection
	OP
	Real(1..4.75 step 0.25)
	4
	Treselection is scaled by this factor for inter-RAT cells.
	Needed

	Speed dependent scaling factor for Treselection
	OP
	Real(0..1 step 0.1)
	4
	Treselection is scaled by this factor for high mobility UEs.
	Needed (preferably with 3 ranks: high/mid/low mobility)

	Non-HCS_TCRmax
	MD
	Enum(not used, 30, 60, 120, 180, 240)
	4
	Interval for counting the number of cell reselections [s]
	A mechanism to detect high/mid/low mobility is needed (the exact mechanism is FFS).

	Non-HCS_NCR
	CV (MD)
	Int(1..16)
	4
	If the number of cell reselections during TCRmax exceeded this value, the UE detects high mobility. MD in case a value other than "not used" is set to TCRmax. Default = 8.
	

	Non-HCS_TCRmaxHyst
	CV (MP)
	Enum(not used, 10, 20, 30, 40, 50, 60, 70)
	3
	If high mobility is not detected during this interval, the UE detects low mobility. MP in case a value other than "not used" is set to TCRmax.
	


Note:  The measurement quantity for GSM cells would be RSSI. If GSM measurements are necessary in parallel to LTE or UTRAN measurements, which are based on a different measurement quantity, e.g., Ec/N0, then there might be a need to indicate two different Qhyst values. Such interworking scenarios are FFS.

Note:  For IEs marked as needed, MP/MD/OP can be the same as for UTRAN SIB3 unless otherwise noted.
3.3  Assessment of necessary IEs based on UTRAN SIB11
In UTRAN, SIB11 carries neighbour cell information [6, 7]. These IEs are listed in Table 2, with an added column indicating the need for each IE in LTE. As shown in Table 2, only the Cell Individual Offset (comibined with Qoffset) is seen as necessary, in addition to the LTE equivalent of the Primary CPICH info. All the other parameters can be omitted in LTE.
Table 2. Assessment of necessary IEs based on UTRAN SIB11.
	IE
	Need
	Type
	Bit
	Description
	Need in LTE

	Cell individual offset
	MD
	Real(-10..10 step 0.5)
	6
	Offset to be applied to the measured quality [dB]
	Needed (MD with default = 0 dB. A dynamic range of 30 dB is likely needed. Should serve the combined purpose of CIO, Qoffset, and CPICH Tx power.)

	Reference time difference to cell
	OP
	Int(0..38400 step of 40, 256, 2560)
	4-10
	
	Not needed

	Read SFN indicator
	MP
	Boolean
	1
	Whether the UE needs to read the SFN of that cell
	Not needed

	Primary CPICH info
	OP
	Int(0..511)
	9
	MP for cases other than RSSI measurements
	Needed (an LTE equivalent)

	Primary CPICH Tx power
	OP
	Int(-10..50)
	6
	Needed for pathloss measurements [dBm]
	Not needed (can be merged with CIO)

	Tx diversity indicator
	MP
	Boolean
	1
	Whether Tx diversity is applied to that cell
	Not needed (The UE detects directly from SCH in LTE upon cell search.)

	Cell selection and reselection info
	CV (OP)
	
	
	OP in SIB11 (absent in DCCH)
	

	
	Qoffset1s,n
	MD
	Int(-50..50)
	7
	Offset value to be applied between the serving and a specific neighbour cell (RSCP) [dB]
	Not needed (can be merged with CIO)

	
	Qoffset2s,n
	　
	Int(-50..50)
	7
	Offset value to be applied between the serving and a specific neighbour cell (Ec/N0) [dB]
	Not needed (Only one Qoffset or CIO relevant for the quality measure shall be sent.)

	
	Max allowed UL Tx power
	MD
	Int(-50..33)
	7
	Max allowed UL Tx power [dBm]
	Not needed

	
	Qqualmin
	CV
	Int(-24..0)
	5
	Min required Ec/N0 [dB]
	Not needed

	
	Qrxlevmin
	MD
	Int(-115..-25 step 2)
	6
	Min required RSCP [dBm]
	Not needed

	
	DeltaQrxlevmin
	CV
	Int(-4..-2 step 2)
	1
	OP only in case a value less than -115 dBm needs to be set for Qrxlevmin, in which case Qrxlevmin += Delta.
	Not needed


3.4  On the need for Solutions 2 and 3
As shown in Section 3.2, the only parameter foreseen necessary about neighbouring cells is the offset value. The need for an offset value is mainly motivated by the fact that eNBs of different power classes can be adjoining in many places throughout the network, and that each cell has different uplink and downlink feeder cable losses (i.e., uplink/downlink feeder loss difference due to TMA). Setting the appropriate offset values depending on the eNB power class and feeder losses is essential to control the cell boundaries, i.e., the best balance between the uplink and downlink. Therefore, it is prevalent that the necessary offset value is different for each cell. To cover this purpose, the offset value does not need to be pairwise specific, but common to all the neighbours to that cell (i.e., 1-to-all). Hence, the purpose can be mostly covered by Solution 3.
Nevertheless, there can be exceptional cases where pairwise specific offset values are necessary, e.g., indoors, tunnels, high speed trains, or to prevent selecting a cell across a bay/channel. For example, in case of an indoor cell covering an office room, there may be certain macro cells leaking into the room from a particular window. Then, it might be desirable to set pairwise specific offsets only to the leaking cells, instead of setting a 1-to-all offset to the indoor cell. If offsets can only be 1-to-all, the offset would also modify relations to other macro cells, which might cause handover problems at other places within or outside the room. In such cases, the NCL is anyway necessary to set pairwise specific offset values. It has also been commented that the NCL in these cases can also be useful to speed up cell detection. Hence, Solution 2 should be supported optionally, irrespective of support for Solution 3.
If Solution 3 is adopted, the operator only needs to configure each cell with its own offset value for most cases. If otherwise, the offset value needs to be set as part of NCL for each cell in the vicinity using Solution 2, increasing the size of NCL. Assuming that P-BCH is scheduled every 20 ms, NCL is scheduled every 640 ms, an offset value requires 6 bits, and a cell ID costs 9 bits, Solution 3 entails 300 b/s (6 bits per 20 ms) whereas Solution 2 exhibits 750 b/s (480 bits per 640 ms) to indicate 32 cells. Thus, Solution 2 can be 2.5 times more costly. Nevertheless, the impact of this overhead in terms of radio resources depends on the cell bandwidth; Assuming that 6 bits on a BCH costs 1 PRB (equivalent to 36 bits using 6 PRBs), the overhead can translate into 0.2% (Solution 3) and 0.5% (Solution 2) in a 5 MHz cell. This implies that the difference in overhead is not very big. The decision is rather up to the incurred complexity and battery consumption for mandating the UE to read the P-BCH for each cell that is detected (rather a question to be answered by UE vendors). Solution 3 can be battery consuming depending on how often P-BCHs are read (when to read/re-read needs to be specified), and might delay cell reselection to the most appropriate cell. However, these impacts are probably not too severe either.
If Solution 3 is feasible, most of the cases can be covered without NCL, except for rare cases that need to be covered by Solution 2. However, if otherwise, all offset cases have to be handled by NCL.

Then, the next question is how severe is the impact of not considering the appropriate offset value. As previously mentioned, the main motive for using the offset is to balance the uplink and downlink coverage. This is essential for ACTIVE mode mobility, where both the uplink and downlink involve data transmission. It is desirable that the same level of control is also applied to IDLE mode mobility. However, for IDLE mode mobility, the offset values are less crucial as its impacts are limited to where the UE makes initial access. Once the UE becomes ACTIVE, the UE can be handed over to a more appropriate cell considering the offsets in detail. Hence, if Solution 3 is not supported, the overhead may be reduced by sending only the coarse offset values (or only the cells that require large offsets) in an NCL. Hence, from operator’s viewpoint, while Solution 3 is desired to ease OAM, Solution 2 can be used as an alternative with a modest list to limit the overhead.
3.5  ACTIVE mode mobility control
For ACTIVE mode mobility, it can be argued that the UE does not need to consider any offset values as these can be considered at the serving eNB. However, it is still essential that the UE knows the offset values, as otherwise, measurement reports are not triggered at the desired instances. Without this knowledge, unnecessary events and measurement reports are likely to be triggered, but more importantly, necessary events are likely to be missed. Hence, all the necessary offset values should be known to the UE, before it triggers measurement reports.
Several ways can be considered for the UE to obtain these offset values. As previously mentioned, to cope with exceptional (but problematic) scenarios, NCL should be supported, this case, either by D-BCH or DCCH (the choice may depend on whether Solution 3 is supported or not). Solution 3 can be applied, if the impact on the UE implementation is acceptable. To apply Solution 3 in ACTIVE mode, the UE would have to be able to decode a neighbour P-BCH in parallel to the DL-SCH in the serving cell. This should not be demanding too much complexity as the bandwidth of P-BCH is limited to 1.25 MHz, and the amount of data is expected to be about 40 bits as of current status. Then, it is desirable that the ACTIVE and IDLE mode mobility are controlled by the same principle, i.e., Solution 3 plus Solution 2 for exceptional cases. However, if Solution 3 is dispensed, the complete list of NCL with all the detailed offset values would have to be provided to the UE, as these offset values are rather crucial for ACTIVE mode mobility. Since the list in this case can be large, the NCL shall be sent by DCCH, instead of D-BCH.
In summary, from operator’s viewpoint, Solution 3 is desired to ease OAM. However, if Solution 3 is not feasible, NCL should be supported over DCCH. As this will require NCL management, it would not be sensible to support Solution 3 for IDLE mode only, if it is not supported for ACTIVE mode.
3.6  Inter-frequency/RAT mobility control
As with the current working assumption, it is thought that layer specific parameters (i.e., parameters common to all the cells on the frequency layer) would be sufficient for most scenarios. However, similarly to the intra-frequency case, NCL should also be supported as an option to cope with the rare (but problematic) cases.

4. Conclusions
NCL in LTE has been discussed from an operator’s viewpoint. As have been shown in Tables 1 and 2, most of the UTRAN SIB3 IEs are seen necessary, whereas only the offset value (in addition to the Primary CPICH info equivalent) is foreseen necessary from the UTRAN SIB11 IEs. In conclusion, the discussion has lead to the two alternatives in Table 3. The decision depends on the impact on UE implementation. That is, if Solution 3 is feasible, Alternative 1 is desired. However, if otherwise, Alternative 2 is the minimum requirement from an operator’s viewpoint.
Table 3. Viable alternatives.
	Alternative
	Alternative 1
	Alternative 2

	Intra-

frequency
	IDLE mode mobility
	The UE is mandated to read the P-BCH for each cell that has been detected and applies the offset values broadcast therewith (Solution 3). To cope with exceptional cases, e.g., indoors, tunnels, high speed trains, prohibiting cells seen across a bay/channel, NCL is also optionally supported over D-BCH (Solution 2).
	An NCL (typically a modest list) can be provided optionally from the serving cell using D-BCH. The UE applies the offset values included in the NCL.

	
	ACTIVE mode mobility
	The same as IDLE mode mobility. The UE considers the offset values of all the detected neighbours in triggering measurement reports.
	An NCL (typically a large list including granular offset values) can be provided from the serving cell using DCCH. The UE applies the offset values included in the NCL in triggering measurement reports.

	Inter-frequency/RAT
	Layer specific parameters (i.e., parameters common to all the cells on the frequency layer) are supported. To cope with exceptional cases, NCL is also optionally supported over D-BCH (Solution 2).
	The same as Alternative 1 (but the NCL may be sent by DCCH instead in case of ACTIVE mode).

	OAM complexity
	Lower
	Higher

	Overhead
	Lower
	Higher

	UE complexity
	Higher
	Lower
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