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1 Introduction
RAN2#77 received an LS from RAN3 (R2-120017  ”LS on CELL_FACH mobility for 3G home access”).  In the LS, RAN3 request RAN2 to provide a description of the problem, and solution(s) to in the form of a text proposal to the TR.
2 Discussion

Limitations of HNB mobility in CELL_FACH have been discussed previously between RAN3 and RAN2 [9], [10]. RAN2 replied to RAN3 that ‘if a CSG/Hybrid cell is not included in the Neighbour Cell List (NCL), a CSG capable UE will not find the neighbour CSG/Hybrid cell in CELL_FACH state. However, if the CSG/Hybrid cell is included in NCL then the legacy measurement, search, and reselection criteria applies, and any UE can find the CSG/Hybrid cell.’
In RAN2 meetings RAN2#77 and RAN2#77bis contributions [1] to [7] have been submitted, and a text proposal to introduce the RAN2 aspects of CELL_FACH mobility into TR37.803 in [8]. 

The following sections identity the list of RAN2 problems and propose solution(s). Any impact to other RAN groups is not discussed.
2.1 Problems to be solved by RAN2
2.1.1 Detection and Search criteria for reselection in CELL_FACH
In order to support CELL_FACH mobility to CSG cells, a UE with a CSG whitelist in CELL_FACH state needs to be able to detect CSG cells which can be outside of the Neighbour Cell List and additionally whether the search is performed using the serving cell reselection Ssearch criteria or via UE autonomous search behaviour (as is done in Idle Mode, CELL_PCH and URA_PCH states).
2.1.2 Measuring of inter-frequency CSG cells in CELL_FACH state

As proposed in [5] for the intra-frequency reselection case and for the inter-frequency case when the UE has a 2nd receiver, a UE can search, measure and read the SIB of CSG cells with no measurement occasions or gaps required. 
For the inter-frequency case (when UE doesn’t have a 2nd receiver), currently a UE is only required to measure up to two additional frequencies, and if more than two frequencies are specified in the NCL then a UE only has to measure the first two frequencies. The measuring in CELL_FACH is done either utilising DRX periods or FACH measurement occasions (depending upon the UE capability).

The CSG cells may not be included in the NCL, and additionally may use different frequencies than cells listed in the NCL. Therefore for measuring CSG cells in CELL_FACH state a UE may need to measure on the dedicated CSG frequency(ies). 

The first problem identified is whether the UE needs to be able to read more than two additional frequencies in order to measure CSG cells. And the second problem identified, which is dependant upon the first problem, is whether there is any impact on the FACH measurement occasions or DRX periods if the UE is required to measure more than two frequencies.
2.1.3 System Information Block reading of target CSG cell(s) in CELL_FACH state

In order to determine whether a UE is allowed to reselect to a CSG cell, a UE would need to read the system information and compare it with the UEs CSG whitelist.

Whilst for an intra-frequency CSG cell the UE should be able to read the SIB of the CSG cell, for an inter-frequency CSG cell the UE would need to use DRX gaps or FACH measurement occasions (depending on the UE capability and when the UE doesn’t have a 2nd receiver). Due to the SIB scheduling of the CSG cells, the DRX or FACH measurement occasions patterns may not be sufficient for a UE to be able to read the whole SIB information for sometime.

Question #1: Are there any further problems that RAN2 need to address to support CSG mobility in CELL_FACH?
	Company 
	Comments

	Renesas
	1) If the NW hasn’t configured fach measurement occasions or DRX then UE may not even perform the measurement, so proximity indication may be necessary to obtain measurement configuration and/or move to other state. 
2) Autonomous gap might also be required, not only considering the DRX or measurement occasions. In this case we need to consider how the UE reports to the source cell. 
[Rapporteur Note: on theRAN2 email reflector these were further clarified as:

Problem 1: how to configure the UE to do the detection/search/measurement in the first place. Currently UE do not support CELL_FACH -> CSG mobility, so does there need to be an on/off switch, a configuration, or a capability?

Problem 2: how to trigger the mobility procedure after SI reading (is it reselection based like Idle/PCH, does UE need to report findings to the NW + does NW need to send reconfiguration command, like DCH? )]


	Ericsson-STE
	We  think that the basic problem/restriction in CELL_FACH is that autonomous search is not supported. This was also replied in the LS to RAN3 (R2-105956). Thus the basic problem is how the UE can have sufficient opportunities in CELL_FACH to perform this function. 
Furthermore iRAT (HeNB) search is not mentioned here.

	Qualcomm
	Agree with ST/Ericsson

	Huawei/HiSilicon
	Share with ST/Ericsson


2.2 Possible solutions
2.2.1 Detection and Search criteria for reselection in CELL_FACH

Solution A1: Same search criteria as Idle and PCH

In order to detect a CSG cell, a UE with a CSG whitelist in CELL_FACH state should be able to detect CSG cells from the “CSG PSC Split Information” IE and  “Dedicated CSG frequency List” IE. 
As proposed in [1], [5] and [7] when reselecting in CELL_FACH state to CSG cells, a similar search criteria applies as is used for Idle and PCH states. This could be formulated as:
· The UE autonomous search function shall be used by a UE in CELL_FACH for reselection to CSG cells on the same frequency as the source cell, when the CSG cell detected is suitable, and according to the reselection rules where the CSG cell is the highest ranked (using the cell reselection criteria).

· The UE search function shall be used by a UE in CELL_FACH for reselection to CSG cells on a different frequency to the source cell, when the CSG cell detected is the strongest cell, irrespective of the cell reselection rules.

Question #2: Are there any other solutions for handling detection and search of CSG cells for reselection in CELL_FACH?
	Company 
	Comments

	NSN
	As in CELL_DCH, we propose that the NW has the possibility to change the NCL of the UE in a dedicated manner, either after the UE has sent a proximity indication or based on NW knowledge of the proximity of CSG/hybrid cell.

	Renesas
	Should use similar approach to Idle/PCH– i.e. UE implementation specific search function that triggers the search and/or proximity indication. Of course cells in the neighbour list will be measured according to existing (non-CSG) requirements. Alternatively the UE can be moved to another state e.g. CELL_PCH upon NW receiving a proximity indication.

	Erissson-STE
	Agree with Renesas. Different “re-selection to CSG” 
ehaviour in CELL_FACH compared to Idle/PCH is not preferred, from neither UE and NW perspective. 

	Qualcomm
	CELL_FACH reselection 
ehaviour should, to the extent possible, mirror IDLE/PCH.

	Huawei/HiSilicon
	Agree with Renesas. Should be up to UE implementation to trigger the detection of CSG cells if CSG cells are not in the NCL.


2.2.2 Measuring of inter-frequency CSG cells in CELL_FACH state

Solution B1: CSG frequencies are included in additional 2 frequencies.

For measuring CSG cells in CELL_FACH state a UE would need to measure on the dedicated CSG frequency(ies). UE could measure first on the dedicated CSG frequency(ies) and then additional frequencies (listed in the system information block type 11/11bis/12). Still keeping the maximum of 2 additional frequencies. 
Solution B2: UE measures on more than 2 additional frequencies
Variant B2a: More FACH measurement periods are assigned.
For measuring CSG cells in CELL_FACH state a UE would need to measure on the dedicated CSG frequency(ies). This would be in addition to the requirement that a UE is only required to measure on two frequencies.
If a UE is required to measure more than 2 additional frequencies and UE requires measurement occasions to perform the measurements in CELL_FACH, the UE is assigned more inter-frequency FACH measurement occasions. 

If a UE is required to measure more than 2 additional frequencies and HS-DSCH discontinuous reception is ongoing, the UE could be assigned more DRX periods.

Allowing more measurement periods has the effect of needing to schedule the UE for more gaps for all FACH measurements, therefore some reduction in throughput would be expected in legacy UEs.

Variant B2b: Additional set of FACH measurement periods are assigned.
As proposed in [7], If a UE is required to measure more than 2 additional frequencies and UE requires measurement occasions to perform the measurements in CELL_FACH, the UE is assigned an additional set of inter-frequency FACH measurement occasions for measuring CSG cells. 
If a UE is required to measure more than 2 additional frequencies and HS-DSCH discontinuous reception is ongoing, the UE could be assigned an additional set of DRX periods.

The second measurement period would only be used by UE supporting it and therefore not affecting any legacy UEs behaviour. 

Variant B2c: UE uses autonomous gaps

As proposed in [7], UE uses autonomous gaps to measure more than 2 additional frequencies, where these frequencies are the dedicated CSG frequency(ies).
Solution B3: UE measures CSG cells in 2nd DRX
As proposed in [2] and  in the release 11 further enhancements for CELL_FACH Work Item, a 2nd and longer DRX cycle in CELL_FACH will be defined. This longer DRX cycle could be equivalent to that specified in Idle modes and PCH states, therefore the same autonomous measurement behaviour can be used by the UE for reselection to CSG cells  in CELL_FACH as already specified for Idle Mode, CELL_PCH and URA_PCH states.

Question #3: Are there any other solutions for handling measuring of inter-frequency CSG cells for reselection in CELL_FACH?
	Company 
	Comments

	NSN
	For Solution 3B, we think that 1st DRX can be used as well if long enough.

	Renesas
	UE could also be moved to another state which already supports mobility to CSG cells.

	Ericsson-STE
	Possibly relaxing UE requirements to find CSG cells, can make more solutions possible

	Qualcomm
	The requirement is already 6 minutes, and today’s UEs are rarely in CELL_FACH that long. There is hardly any utility from relaxed requirements.
Unless the UE can be maintain CELL_FACH for a very long time, an approach as suggested by Renesas will happen naturally.
With the 2nd DRX CELL_FACH option, it may indeed be possible to keep UEs in CELL_FACH for long periods.

	Huawei/HiSilicon
	Basically we tend to think that autonomous gap could work, assuming that UE could be kept in FACH longer, e.g., with longer DRX cycle. 


2.2.3 System Information Block reading of target CSG cell(s) in CELL_FACH state
Solution C1: UE doesn’t need to read SIB before reselecting to previously visited CSG cell. Instead relying on fingerprint.

For a previously visited member cell the UE will have a whitelist entry for the cell, and a set of information pertaining to the CSG cell that would allow the UE to send a proximity indication in CELL_DCH. It is expected that a UE will know that it near a member CSG cell and therefore recognize from measurements fingerprint the member CSG cell in which case it may not need to read the SIB information before reselecting, but rather reselects, then reads the SIB (as a final check on the membership) before sending the CELL UPDATE message (if allowed). 

Solution C2: UE reads SI in 2nd DRX

As per solution B3 above a UE uses the 2nd DRX also for reading the SI of a CSG cell to determine whether UE is allowed to reselect.
Solution C3: If FACH measurement occasions or DRX period is not long enough to perform SI, NW can reconfigure UE to suitable state or provide longer DRX
In [5] it is proposed that the UE indicates CSG measurement results in a Cell Update message (without SI reading results). The network can then decide whether to perform redirection, or to move the UE to a more suitable state, or to provide a longer DRX period in order that the UE can perform SI reading and membership check. 

Question #4: Are there any other solutions for handling the System Information reading of inter-frequency CSG cells for reselection in CELL_FACH?
	Company 
	Comments

	NSN
	in Solution C1 the UE will read the SIBs before accessing the cell anyway (as always when UE reselects a new cell). A possible wording could be: , “but rather stop listening to serving cell while reading the neighbor cell SIB and select it if relevant”
An additional solution:

Solution C3: The reading of neighboring cell SIB is left to UE implementation

	Renesas
	Autonomous gap SI reading +_ reporting to source cell (similar to CELL_DCH) might also be an option. Also moving to another state following a measurement report or proximity indication would work. 

	Ericsson-STE
	Preference to re-use existing functionality in other states, e.g. like autonomous gaps or autonomous search

	Qualcomm
	Similar to ST/Ericsson (other states = IDLE/PCH)

	Huawei/HiSilicon
	Share with ST/Ericsson


3 Summary and proposals

Five companies participated in the email discussion.

On question #1 Are there any further problems that RAN2 need to address to support CSG mobility in CELL_FACH?
One company pointed out that iRAT (HeNB) search is not mentioned. The rapporteur considers that as this is not covered in the RAN3 defined mobility use cases in the TR (RP-120238), then RAN2 do not need to consider it either. 
Proposal 1:  Rapporteur suggests that iRAT HeNB search is not included in the TP.
Some companies consider that the basic problem is that autonomous search is not supported, and that the problem is therefore how the UE can have sufficient opportunities to perform the function. Whilst the rapporteur  suggests this is the case if we have an autonomous search function solution, but given that CELL_FACH state is different from Idle/PCH, it seems sufficient in the TP to outline the problems in the manner of search/detection, inter-freq measurement and SI reading.
One company proposed a further issue which is  how to trigger the mobility procedure after SI reading. The Rapporteur considers that as CELL_FACH mobility can currently only be done through reselection procedure (non-CSG cells), then triggering a different mobility procedure is more likely to be a solution to the problems rather than a problem in itself. 
The same company also proposed that a further issue was how to configure the UE to do the detection/search/measurement in the first place  The Rapporteur considers that this issue is not unique to CELL_FACH mobility but is an issue in general for every feature added into the specifications, therefore proposes that this doesn’t need to be detailed specifically in the TP.
Proposal 2: Rapporteur suggests that no further problems need to be defined as input to the TP.
On question#2 Are there any other solutions for handling detection and search of CSG cells for reselection in CELL_FACH?
The majority of companies proposed solutions like Solution A1 (Idle/PCH like), one company proposed an additional solution that when a CSG cell is detected  an indication is sent to the NW (eg. Proximity indication). 
A further company proposed that the NW has the possibility to change the NCL of the UE in a dedicated manner upon either reception of the proximity indication or based on NW knowledge.
Proposal 3: The Rapporteur proposes that the Proximity indication type solution should be added as common solution for all the problems  into the TP and the possibility to change the NCL as a new solution A2.
On Question#3 Are there any other solutions for handling measuring of inter-frequency CSG cells for reselection in CELL_FACH?
One company proposes a further solution whereby the UE can be moved into another state which already supports the mobility to CSG. Another company proposed that for solution B3, the 1st DRX could be used aswell. Otherwise no additional solutions were proposed.
Proposal 4:The Rapporteur proposes that the UE being moved into a different state, will require a Proximity type indication and therefore is to be included in the common solution description in the TP. Additionally Solution B3 should be updated to also include the 1st DRX.
On Question #4 Are there any other solutions for handling the System Information reading of inter-frequency CSG cells for reselection in CELL_FACH?
Companies indicated a preference to use autonomous gaps or autonomous search. 
Proposal 5: The Rapporteur proposes to add these options(autonomous gaps and autonomous search)  as 2 new solutions (C4 & C5)
The TP capturing the problems and solutions from the above discussion (section 2) and rapporteur proposals (section 3)  is included in R2-122655
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