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1		Introduction
Continuing the discussion on increasing the number of carriers to monitor during RAN4#69, several companies presented discussion papers. In [1], TeliaSonera provided use cases and suggested that macro+small cell deployment scenario is of very high importance for both idle and connected modes while macro only case for connected mode is of high importance and macro only case for idle is of low importance. [2] had a proposal to have two classes of cells for measurements, one class with same delay as today and another class with longer delays for additional carriers. [3] provided two options, one with relaxed measurements for additional carriers and other with uniform measurements across all carriers. In [4], the proposal was to investigate whether there are ways to avoid significant increase in inter-frequency cell identification and measurement time requirements, but at the same time address the operator concern. [6] analysed three options, scaling requirements by number of carriers/cells, increasing measurement activity, and, mixture of the two, from both UE and network perspectives. 
In this contribution, we review inter-frequency measurement requirements in CELL_FACH state and propose requirement changes when the number of carriers to monitor is increased.
2		Agreed Way Forward and WI description
The agreed way forward during RAN4#69 and the subsequent WI item description in 3GPP TSG RAN#62 is as follows:
· Increase the minimum number of inter-frequency carriers and cells a UE shall be able to monitor for UTRA and for EUTRA. The corresponding working assumptions are given as
· UTRA FDD max 5 carriers
· For the total number of cells, max 80 cells can be considered
· The upper limit on the number of cells/carrier can be discussed
· E-UTRA FDD max 8 carriers
· E-UTRA TDD max 8 carriers
· The work shall be done for Idle/URA_PCH/CELL_PCH states and CELL_DCH/CELL_FACH state operation for UTRA FDD
· The work shall be done for idle mode and active mode operation for E-UTRA FDD and E-UTRA TDD
· Inter-frequency changes are prioritised over interRAT as there are limitations in extending the number of layers
· The solution shall not worsen existing RRM requirements (e.g., timing) and power consumption in the UE when using the number of carriers/cells a UE can monitor in the existing specification
· The work shall explore (optional) simultaneous inter frequency multi-carriers measurements possibilities
3		Existing cell re-selection requirements in CELL_FACH
[bookmark: _Toc368022013]3.1				Cell re-selection delay requirement
In [5], section 5.5 specifies the measurement requirement for inter-frequency cell-reselection delay in CELL_FACH state. The cell re-selection delay in CELL_FACH state to a FDD cell on a different frequency shall be less than 

	 ms
If a cell has been detectable at least Tidentify,inter, the cell reselection delay in CELL_FACH state to a FDD cell on a different frequency shall be less than

	ms
The parameters Tidentify, inter 	and TMeasurement, inter are a function of NFreq,FDD i.e. number of FDD frequencies in the inter-frequency cell info list and scale with the number of FDD inter-frequencies. All parameters TIU, TSI,	TRA,  Tidentify, inter and TMeasurement, inter are described in section 8.4.2.3.1 in [5].
3.2	FDD inter frequency measurements when HS-DSCH discontinuous reception is not ongoing
Section 8.4 in [5] contains requirements on the UE regarding cell reselection and measurement reporting for FDD inter-frequency measurements in CELL_FACH state when HS-DSCH discontinuous reception is not ongoing. 
In the CELL_FACH state when a measurement occasion cycle is provided by the network, and absolute priority based reselection is not used, the UE shall continuously measure identified inter frequency cells and search for new inter frequency cells indicated in the measurement control information. 
[bookmark: _Toc368022153]3.2.1	Identification of a new cell
The UE shall be able to identify a new detectable cell belonging to the monitored set within

	 
where NFreq,FDD is the number of FDD frequencies in the Inter-frequency cell info list. The other parameters are described in section 8.4 in [5].
[bookmark: _Toc368022154]3.2.2	UE CPICH measurement capability
When a measurement occasion cycle is scheduled for FDD inter frequency measurements the UE physical layer shall be capable of reporting measurements to higher layers with measurement accuracy as specified in sub-clause 9.1.2 in [5] with measurement period is given by

	 ms
where NFreq,FDD is the number of FDD frequencies in the Inter-frequency cell info list. The other parameters are described in section 8.4 in [5].
3.3	FDD inter frequency measurements when HS-DSCH discontinuous reception is ongoing
Section 8.4a in [5] contains requirements on the UE regarding cell reselection and measurement reporting in CELL_FACH state when HS-DSCH discontinuous reception is ongoing.
[bookmark: _Toc368022177]3.3.1	Identification of a new cell
The UE shall be able to identify a new detectable cell belonging to the monitored set within

	 
where NFreq,FDD is the number of FDD frequencies in the Inter-frequency cell info list. The other parameters are described in section 8.4a in [5].
[bookmark: _Toc368022178]3.3.2	UE CPICH measurement capability
The UE physical layer shall be capable of reporting measurements to higher layers with measurement accuracy as specified in sub-clause 9.1.2 in [5] with measurement period is given by within 

ms
where NFreq,FDD is the number of FDD frequencies in the inter-frequency cell info list. The other parameters are described in section 8.4a in [5].
4		System Performance Impact





The existing cell re-selection delay requirement in CELL_FACH is a function of the cell identification delay, and, if a cell has been detectable at least, is a function of the cell measurement delay. Both the cell identification delay and cell measurement delay increase linearly with increase in number of FDD inter-frequencies to be monitored. Keeping the requirement as is i.e. scaling linearly with respect to NFreq,FDD, ensures that the average power consumption(mA) for inter-frequency search is unchanged. But this also implies that increasing the number of inter-frequencies to monitor increases the cell re-selection delay.
The following sections provide two main options to accommodate the number of inter frequency layer increase, i.e. different (looser) requirements for the additional carriers only, and uniform (looser) requirements for all carriers.
5		Option 1: Different Requirements for Additional Carriers

The main idea is to propose two sets of cell identification and cell measurement delay requirements, one set for the first 2 inter-frequencies while another set for the remaining additional inter-frequencies.


Define new cell re-selection, cell identification and cell measurement delay requirements for the additional inter-frequencies as follows. The cell re-selection delay in CELL_FACH state to an FDD cell on a different frequency belonging to any one of additional inter-frequencies Treselection, inter, additional shall be less than 

	 ms
If a cell has been detectable at least Tidentify, inter, additional, the cell reselection delay in CELL_FACH state to a FDD cell on a different frequency shall be less than

	ms


In other words, the parameters Tidentify, inter	and TMeasurement, inter are the cell identification and cell measurement delays for the first 2 inter-frequencies (and are a function of). Similarly, the parameters Tidentify, inter, additional and TMeasurement, inter, additional are the cell identification and cell measurement delays for theadditional inter-frequencies. 


Define a new parameter which is the scale factor indicating the increase in cell re-selection delay for each additional inter-frequency in CELL_FACH with respect to the cell re-selection delay requirement per existing carrier currently defined in the specification .







Proposal 1: Use different sets of requirements for existing carriers and additional carriers. If, use the existing requirements as summarized in section 3. But if, the existing requirements for the first 2 inter-frequencies, as summarized in section 3.2, shall be scaled by  and the requirement for the additional  inter-frequencies shall be as follows. The term  will be replaced by  in order to specify the cell identification delay and cell measurement delay requirements and the requirements for the additional carriers shall also be scaled by.
5.1	FDD inter frequency measurements when HS-DSCH discontinuous reception is not ongoing

The new relaxed cell re-selection delay requirements for the additional inter-frequencies shall be defined as follows:.



For FDD inter frequency measurements when HS-DSCH discontinuous reception is not ongoing, if  the UE shall be able to identify a new detectable cell belonging to the first 2 inter-frequency carriers in the monitored set within , and, the UE shall be able to identify a new detectable cell belonging to the additional  inter-frequencies in the monitored set within

	 



For FDD inter frequency measurements when HS-DSCH discontinuous reception is not ongoing, when a measurement occasion cycle is scheduled for FDD inter frequency measurements, if  the UE physical layer shall be capable of reporting CPICH measurements for the first 2 inter-frequency carriers to higher layers with measurement period given by, and, the UE physical layer shall be capable of reporting CPICH measurements for the additional  inter-frequencies to higher layers with measurement period given by

 ms




The reason to scale the cell identification and cell measurement delay requirements of the first 2 inter-frequencies by the factor  when is as follows (refer to Figure 1 below). In the scenario where FDD inter-frequency measurements are performed when HS-DSCH discontinuous reception is not ongoing, all inter-frequency cell identification and cell measurements have to be performed during the scheduled measurement occasions. As an example, if we take the case of cell identification delay requirement for, all inter-frequencies would have to be identified within 





where . Assuming every  milliseconds contains  FACH measurement occasions (FMO), the duration  contains  FACH measurement occasions during which the inter-frequency cell identification can be performed.











If we consider the case of, the first 2 inter-frequencies would still have to use  FACH measurement occasions to perform cell identification but now instead of only scheduling measurements on 2 inter-frequencies, the 1 additional inter-frequency should also be scheduled during these FMOs even though the 1 additional inter-frequency can be identified within. So in time,  is used for cell identification of 1 additional carrier and is used for cell identification of existing 2 carriers. In other words, each existing carrier will be measured in. So  additional duration is now allocated for the additional inter-frequency resulting in a net increase in cell identification of the first 2 inter-frequencies by. So the cell identification delay requirement for the first 2 inter-frequencies for this case of is .


Figure 1 Cell identification delay with and without additional inter-frequencies

So when scale factor =3, 
· 

assuming 2 existing inter-freq carriers and 1 additional inter-freq carrier, Tidentify_inter=3 and Tidentify_inter_additional=3 
· 

assuming 2 existing inter-freq carriers and 2 additional inter-freq carriers, Tidentify_inter=3 and Tidentify_inter_additional=6 
· 
assuming 2 existing inter-freq carriers and 3 additional inter-freq carriers, Tidentify_inter=3T and Tidentify_inter_additional=9. 

Similarly, when scale factor =2, 
· 

assuming 2 existing inter-freq carriers and 1 additional inter-freq carrier, Tidentify_inter=4 and Tidentify_inter_additional=2. 
· 

assuming 2 existing inter-freq carriers and 2 additional inter-freq carriers, Tidentify_inter=4 and Tidentify_inter_additional=4. 
· 

assuming 2 existing inter-freq carriers and 3 additional inter-freq carriers, Tidentify_inter=4 and Tidentify_inter_additional=6. 



For the case of, increasing the value of decreases the cell identification and measurement delays for the first 2 inter-frequencies but increases the cell identification and measurement delays for the additional inter-frequencies. So there exists a trade-off in cell reselection performance across the two sets of inter-frequencies based on choice of this scale factor. One proposal is to set the scale factor.
5.2	FDD inter frequency measurements when HS-DSCH discontinuous reception is ongoing

The new relaxed cell re-selection delay requirements for the additional inter-frequencies shall be defined as follows:.



For FDD inter frequency measurements when HS-DSCH discontinuous reception is ongoing, if  the UE shall be able to identify a new detectable cell belonging to the first 2 inter-frequency carriers in the monitored set within , and, the UE shall be able to identify a new detectable cell belonging to the additional  inter-frequencies in the monitored set within

	 



For FDD inter frequency measurements when HS-DSCH discontinuous reception is ongoing, , if  the UE physical layer shall be capable of reporting measurements for the first 2 inter-frequency carriers to higher layers with measurement period given by, and, the UE physical layer shall be capable of reporting measurements for the additional  inter-frequencies to higher layers with measurement period given by 

ms

With regard to a reasonable value to be chosen as scaling factor  in CELL_FACH with ongoing HS-DSCH discontinuous reception (DRX), one option would be to use a similar value as proposed for Idle and PCH states (also based on DRX), i.e. 4.
6		Option 2: Uniform Requirements across all Carriers
Proposal 2: If uniform behaviour across all the inter-frequencies is desirable in the network, the existing requirements can be considered as is since it is a function of number of inter-frequencies. 
However, it will make a new UE have relaxed reselection performance compared to the legacy UE when more than 2 inter-frequencies are broadcast. When up to 2 inter-frequencies are broadcast, the reselection performance can be maintained same as the legacy UE. 
7		Conclusion









This contribution has discussed impact on inter-frequency cell identification and measurements requirements for UTRA in CELL_FACH state due to increase in number of carriers to monitor. This contribution has provided two options for the potential requirements when the number of frequencies to monitor in CELL_FACH state is increased. Proposal 1: When, use the existing requirements as summarized in section 3. But when, the existing requirements for the first 2 inter-frequencies, as summarized in section 3, shall be scaled by  and the requirement for the additional  inter-frequencies shall be as follows. The term  will be replaced by  in order to specify the cell identification delay and cell measurement delay requirements and the requirements for the additional carriers shall also be scaled by.
Proposal 2: If uniform behaviour across all the inter-frequencies is desirable in the network, the existing requirements can be considered as is since it is a function of number of inter-frequencies. 
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