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1 Introduction
The purpose of this document is to discuss and agree on additional details of Inbound mobility to CSG and hybrid cells. Agreements from RAN2#66bis have been captured in a draft CR to 36.300 [1] and will serve as the starting point for this discussion.  
The scope of this email discussion is as described in [2] and [3]. The goals of the email discussion are:
· Agree on the various triggers that have been proposed for initiating handover evaluation.
· Agree on additional details of System information reading and Preliminary access checking.
The following constraints should be taken into account in the discussion:
· Keep interruption time to a minimum.
· Ensure that the system is not overloaded with gaps/gap requests.
Definitions
Handover Evaluation: Acquiring cell global ID and performing preliminary access check (both at UE).
Preliminary Access Check: Determining whether UE is allowed to access the cell by checking CSG membership (applies only to CSG cells).
Handover Preparation: Preparing a target cell for handover by source cell.

Discussion
The following basic flowcharts capture the essential inbound mobility procedures defined so far [1].


[image: image1.emf]Handover Evaluation is

triggered (mechanisms for

triggering Handover evaluation

are FFS).

System Information Acquisition

(using scheduled gaps) and

Preliminary Access Check.

Details FFS.

UE sends measurement report

including CGI and TAI, and (if

needed) result of preliminary

access check

Source eNB performs

handover preparation

and sends handover

command to UE

START

eNB schedules gaps for

system information acquisition

Perform handover?

Yes

Source eNB does not

perform handover.

Other actions are FFS.

No

Handover Evaluation is

triggered (mechanisms for

triggering Handover evaluation

are FFS).

System Information Acquisition

(without gaps scheduled by

eNB) and Preliminary Access

Check. Details FFS.

UE sends measurement report

including CGI and TAI, and (if

needed) result of preliminary

access check

Source eNB performs

handover preparation

and sends handover

command to UE

START

Perform handover?

Yes

Source eNB does not

perform handover.

Other actions are FFS.

No

Inbound Mobility with Scheduled gaps for

System Information acquisition

Inbound Mobility with autonomous gaps for

System Information acquisition


The assumption is that a choice between the above two approaches can be made based further input in RAN2 and from RAN4. 

The discussion below lists various options and companies are asked to indicate their opinions on the options. Please do not add additional options unless absolutely necessary, as this will complicate the discussion. For example, if option A and option B are mentioned, it is not necessary to list an option C which is a combination of A and B, or option B which is a special case of option A (however, such observations can be captured in the comments column).
1.1 Detection of Inter frequency CSG cell
It has been proposed to use a proximity indication to trigger measurement configuration of a non-serving frequency: UE sends to eNB a proximity indication signalling that it may be close to an inter-frequency CSG/hybrid cell; eNB configures inter-frequency measurement [4].
Proposal T-2: A proximity indication can be used to configure inter-frequency measurement. 

	Company
	Comments
	Proposal T-2

	
	
	Is agreeable
	Is not agreeable
	Needs further discussion

	Qualcomm
	Proximity indication could be useful, but we would like to understand better the requirements for UE.
[Aug 14] In response to comments from Vodafone:

Always configuring measurement presents the following problems

1: gaps restrict the scheduler flexibility, and also reduce the peak rate for the UE.

2: eNB does not know if the UE has a non-empty allowed CSG list, and will unnecessarily configure gaps for all UE being served.

Regarding requirements, for inter-frequency handover we would like to understand better the difference between real-time and other bearers.
	
	
	X

	T-Mobile
	We recommend to use proximity information (i.e. “fingerprint” or GPS) available in the UE to a most extend to minimise signalling. Depending on the ability of the UE to perform inter-frequency measurements without gaps the UE might not need any gaps to get this information.
	X
	
	

	CATT
	For inter-freq, we think it is a simple way to trigger the measurement configuration.
	X
	
	

	Samsung
	Need to study the proximity indication method further for inter-freq/inter-RAT measurement configuration.
	
	
	X

	Panasonic
	We interpreted that T-2 is the indication at the phase to configure inter-frequency measurement and not the phase to configure SI-gap. T-2 may require separate step to configure SI-gap or may not require such procedure. We also interpreted that T-2 is not tied to the specific cell for the measurement. 

UE can know whether UE has accessed allowed CSG cell in the past in the certain area in certain frequency using positioning information. The certain area should take into account possible maximum geographical size of one or cluster of cells in a certain CSG (conservative usage). To indicate such information to the network is useful to avoid configuring unnecessarily inter-frequency measurement. Therefore, we agree this option.
	X
	
	

	DOCOMO
	This would be a simple way to trigger measurement configuration and to activate gaps for inter-frequency. The UE will start to perform measurements and the “handover evaluation” (SI acquisition) will follow later on if a candidate cell is detected and sufficient quality is measured. Whether extra signalling is necessary for the UE to proceed to the “handover evaluation” phase is FFS and depends on whether a different gap pattern is necessary for SI acquisition.
	X
	
	

	InterDigital
	We think a proximity indication is beneficial to allow the network to know when to configure the inter-frequency measurement
	X
	
	

	HuaWei
	We also think that proximate information could be helpful for UE to initiate the autonomous search of CSG cells, but there is no need of such an additional indication message to the network, especially when autonomous GAP is used.
	
	X
	

	ZTE
	This is necessary both for dedicated carrier and mixed carrier. Normally measurement configuration of inter-frequency is triggered by the measurement result of serving cell. But if CSG cell is close to macro cell then such kind of scheme is needed otherwise it is impossible for UE to detect these CSG cell.
	X
	
	

	Nokia & NSN
	Considering a scenario where a CSG UE constantly wander in the vicinity of CSG/hybrid cells, the usefulness of such a trigger is not obvious. Besides, the overhead it introduces in uplink should also be investigated. In the worst case, useless information would be reported all the time. It is also questionable whether non-CSG UEs should also implement this trigger.
	
	
	X

	Motorola
	We are not convinced that inter-frequency measurement configuration based on fingerprint is necessary. Since the requirements to handover to an inter-frequency CSG cell are looser (~30 seconds) it may be possible for the UE to detect cells on the other frequency autonomously during its DRX periods. We would like to first consider this approach to see if it is satisfactory. 
	
	
	X

	Telecom Italia
	A proximity indication, e.g. based on fingerprint information, may be a good mechanism for measurement configuration for both inter-frequency and inter-RAT cases. Anyway, it requires some further analyses with respect to the UE behaviour and performance requirements specification.
	
	
	X

	Vodafone
	What would be the consequence of always configuring inter-frequency measurements at call setup? If we are thinking of a voice call the average call duration is say 2 minutes. It seems more complicated to introduce some functionality that requires the UE to indicate its proximity to an allowed CSG cell to the serving cell than to just configure the inter-frequency measurements at call setup. 

We have to also consider the scenario where the CSG cells are on a mixed layer in which case, inter-frequency measurements are anyway required at call setup.

This proximity indication only seems useful for the case where UE is in connected mode for a long time e.g. connected mode DRX when supporting NRT bearers. However, the handover is only crucial for RT bearers. For NRT bearers we can allow the UE to drop to Idle and re-establish the call in the CSG cell.
	
	
	X

	Ericsson, ST-Ericsson
	Proximity indication could be usefull, however it needs to be studied further how unnecessary triggering is prevented and what are the UE requirements.
	
	
	X

	ALU
	A Proximity indication would be useful, assuming this is reliable we see a possibility to extend this to a report of  fingerprint information  
	X
	
	


1.2 Triggering of handover evaluation:

Triggers that have been proposed:
· The UE indicates to the network whether or not acquisition of the CGI is needed for a particular PCI [5]. This prevents the network unnecessarily assigning gaps for system information acquisition when the UE is not anywhere close to its CSG cell. [InterDigital: this is slightly misleading, since the indication had not been proposed as a “trigger”. In general, how can any signalling “trigger” handover evaluation”? Our understanding of what could trigger “handover evaluation” is some condition detected by the UE and not “signalling”. Before we discuss what signalling is transmitted by the UE (possibly as a result of handover evaluation) we need first to determine the condition(s) for starting handover evaluation.
· 
· Proximity indication signalling that reported cell (PCID) may be in the allowed CSG list for the UE ([6]).
Proposal T-1: Handover evaluation can be avoided based on an indication from the UE that CGI acquisition is not needed for a particular PCID; this indication is included in a measurement report including the PCID.
	Company
	Comments
	Proposal T-1

	
	
	Is agreeable
	Is not agreeable
	Needs further discussion

	Qualcomm
	Proposals T-2 and T-3 are better. Having a negative indication from the UE (“I am very unlikely to be a member of CSG”) can introduce unnecessary signalling events for non-allowed CSG cells.
[Aug 14] Our comment above is not valid based on the clarification provided by Motorola that this is just an added bit to an MRM that is sent anyway.

Proposals T1-T3 are all based on the framework that the network knows each instance when the UE is performing SI reading. Under UE initiated SI reading (with network provided policy), these proposals are not applicable. 

In case we do decide for network awareness of SI reading operation, we view T1 as somewhat of a semantic detail, because if the UE has the option to say “CGI acquisition needed” through T-3, then not saying anything carries information too.
	
	X
	

	T-Mobile
	This creates to much signalling towards the RAN
	
	X
	

	CATT
	This indication maybe wastes signaling which seems not necessary.
	
	X
	

	Samsung
	Assuming autonomous gap solution, T-1 is not required. We can think about T-2 for inter-freq/inter-RAT measurement configuration.
	
	X
	

	Panasonic
	Let us allow to explain our interpretation of the difference of the proposal T-1, T-2 and T-3.

T-1 and T-3 does not restrict to inter-frequency case. Therefore, we interpreted that the behaviour is intended for common between inter-frequency and intra-frequency case. T-2 is intended for the trigger of inter-frequency measurement.

In T-1, whether CGI acquisition is need or not is not linked to the specific cell. On the other hand in T-3, the reported cell is linked to the specific cell but we interpreted it just one of reporting method. We understand T-1 indicate UE has accessed allowed CSG cell in the past in the certain area using positioning information. In T-3, in addition to the information T-1 send, the accessed PCI is also indicated when the certain PCI is found.

As we discussed in R2-093846, we think proximity information is used only for conservative usage. UE does not know whether the target cell is actually accessible or not from past accessed cell information with positioning information but UE can know whether UE has accessed allowed CSG cell in the past in the certain area. The certain area size is decided by possible maximum geographical size of one or cluster of cells in a certain CSG.

The last RAN2 meeting agreed that the UE shall perform measurement reporting of all cells as in Release 8 regardless of whether the UE is allowed to access the cell, subject to measurement configuration. 

If the UE is in the certain area, it is useful to inform the network in order to avoid un-necessary handover evaluation in spite that the cell is reported. Therefore, we agree T-1.
[Aug 18] Our comment above is not valid based on the clarification provided by Motorola.

We think T-3 is sufficient.
	
	X
	

	DOCOMO
	T-3 seems to be sufficient.
	
	X
	

	InterDigital
	Proposal T-1 had never been proposed as a “trigger for handover evaluation”. It was not proposed either that the UE should trigger a measurement report just because it has detected a non-allowed CSG cell. This would indeed generate too much signalling.
However, we believe there is value in providing this information in a measurement report that has been triggered because of any event that the network would normally configure (such as event A3) as long as the PCI of the CSG cell is in this report. 

Also as long as we are talking about what should be contained in the measurement report (and not what “triggers it”, we do not see any substantial difference between T-1 and T-3.
Our view on “what triggers handover evaluation” is that the UE should detect a CSG cell that it believes (based on fingerprint) that it may be in its allowed list. In addition we believe that there should probably be some additional condition (such as a minimum received signal level for the CSG cell) to avoid premature handover evaluation, regardless of whether we go for the scheduled gap or autonomous gap approach.
	
	
	X (Should not be used as a “trigger” for handover evaluation or sending MR, but indication in existing MR is useful)

	HuaWei
	We agree TMO that this would create two much signalling towards the RAN.
	
	X
	

	ZTE
	This is necessary both for dedicated carrier and mixed carrier. Normally measurement configuration of inter-frequency is triggered by the measurement result of serving cell. But if CSG cell is close to macro cell then such kind of scheme is needed otherwise it is impossible for UE to detect these CSG cell.
	X
	
	

	Nokia & NSN
	Should not be needed in combination with autonomous gaps.
	
	X
	

	Motorola
	We think T-1 and T-3 are complementary and only one of them is needed. We think it is better to send a positive indication saying a cell may be an allowed CSG cell, as this is likely to occur less often.
	
	X
	

	Telecom Italia
	The assistance of HO evaluation can be beneficial, but it would be better not to introduce different mechanisms. We already have a proximity mechanism that can be used by following approach T-3.
	
	X
	

	Vodafone
	A positive indication would be better and should apply only for CSG cells PCIs. In case of hybrid cells, network should decide whether handover evaluation is required for the hybrid cell PCI. 
	
	X
	

	Ericsson, ST-Ericsson
	A positive indication avoids unnecesary signalling
	
	X
	

	ALU
	The intention here appears to be to reduce the need for the CGI acquisition. This would also be possible if a ‘reliable’ proximity indication also included possible stored information on the CSG cell (including whether it was allowed). Therefore T3 is preferred
	
	X
	



	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


Proposal T-3: Handover evaluation can be triggered by a proximity indication signalling that a reported cell may be an allowed cell for the UE.
DOCOMO: What is meant by this “proximity indication”? Is this same as T-2 or just an indication in a measurement report that a certain PCI being reported is likely to be a CSG cell accessible by the UE?
Rapporteur: T-3 is used  to indicate that a PCI detected by the UE is likely to be an allowed CSG cell. T-2 is different in the sense that UE has not detected a CSG cell on the alternate frequency and needs a measurement configuration to do so.
InterDigital: Same remark as in T-1 - we need first to determine the condition(s) for starting handover evaluation before we discuss what is being signalled as a result.
	Company
	Comments
	Proposal T-3

	
	
	Is agreeable
	Is not agreeable
	Needs further discussion

	Qualcomm
	This is not applicable for intra-freq case, assuming we go for UE autonomous reading of SIBs etc.
[Aug 14] As stated under T-1 also, proposals T1-T3 are all based on the framework that the network knows each instance when the UE is performing SI reading. Under UE initiated SI reading (with network provided policy), these proposals are not applicable.
	
	X
	

	T-Mobile
	Basing the indication solely on the PCI is not sufficient. For intra-frequency we assume same as QC. 
	
	X
	

	CATT
	We are a little doubtful that why this method could not be used for intra-freq case? Is there not a formal agreement that for intra-freq UE could read SIB in autonomous gap?
	
	
	X

	Samsung
	This is not applicable for autonomous gap approach. (T-3 seems assuming that scheduled gap assignment will follow the UE’s report.)
 We have same comment as for T-1.
	
	X
	

	Panasonic
	We interpreted that T-3 means as follows;

UE doesn’t know actual accessibility of detected CSG cell but UE can know whether UE has accessed or not to the certain PCI in the certain area in certain frequency from past accessed cell information with positioning information. In addition to just certain area in T-1, to indicate past accessed PCI is useful for further reduce the possibility to trigger un-necessary handover evaluation (this means not to trigger handover evaluation if PCI is different from the past accessed PCI). 

Although what UE informs is UE has accessed the certain PCI in the certain area in the certain frequency, one possible realization is to inform such information when the detected cell match the above condition. Then handover evaluation can be triggered by this indication. 

As the area information is based on possible maximum geographical size of one or cluster of cells in a certain CSG, the reported cell may actually different from the cell UE accessed before. Such case is corrected by the handover evaluation.
	X
	
	

	DOCOMO
	Based on the fingerprinting principle, this seems to be a sufficient means to request SI-gaps.
	X
	
	

	InterDigital
	Our view is on what should trigger “handover evaluation” is that the UE should detect a CSG cell that it believes (based on fingerprint) that it may be in its allowed list. In addition we believe that there should probably be some additional condition (such as a minimum received signal level for the CSG cell) to avoid premature handover evaluation, regardless of whether we go for the scheduled gap or autonomous gap approach.
	
	
	X (see comment)

	HuaWei
	We also share the same understanding of QC and TMO.
	
	X
	

	ZTE
	As long as reported CSG cell could be non-allowed for other purpose than handover e,g. evaluating DL interference the such indication is needed to save eNB configuring SI-gap or signaling other indication
	X
	
	

	Nokia & NSN
	Should not be needed in combination with autonomous gaps.
	
	X
	

	Motorola
	One of T-1 and T-3 are needed and we think T-3 is preferable.
	X
	
	

	Telecom Italia
	A proximity indication can be useful to also start the HO evaluation phase in order to acquire relevant information.
	X
	
	

	Vodafone
	If a UE detects a CSG cell it might be beneficial for it to use its fingerprint information to provide an indication to the network of whether UE is close to its CSG cell or not. However, this indication is irrelevant for hybrid cells where network anyhow has to configure the necessary gaps for SI acquisition if it cannot resolve the confusion. Moreover, the benefit of the proximity indication depends on the accuracy of the fingerprint e.g. if fingerprint is a macrocell, Ue might still need to acquire SI for a large number of detected CSG cells within the mcarocell coverage. 
 
	
	
	X

	Ericsson, ST-Ericsson
	Based on finger-print info SI gaps can be assigned
	X
	
	

	ALU
	Our understanding is that if a proximity indication is accurate, then an indication from the UE of whether it’s an allowed (CSG ID is in UE’s allowed list) cell is useful. 
	X
	
	


1.3 System Information Acquisition and Preliminary Access checking:

The following two mechanisms are under consideration from System Information acquisition:
· Scheduled Gaps ([4], [6], [7]): Serving eNB schedules gaps for UE to acquire system information of CSG/hybrid cell. Gaps are scheduled for acquisition of MIB and SIB1. In the case of intra-frequency inbound mobility to a CSG/hybrid cell an optimization can be considered wherein gaps are not required for MIB acquisition (MIB reading in parallel [8]) but are required for SIB1 acquisition.
· Autonomous Gaps ([6], [7]): UE acquires system information of CSG/hybrid cell without gap scheduling by the serving eNB. 
1.3.1 Scheduled Gaps
Terminology: “SI-gaps” are used below to refer to scheduled gaps for reading system information to distinguish such gaps from measurement gaps as defined in Release 8 (which are for measuring RSRP etc). However, use of measurement gaps as SI-gaps (i.e., reading system information in measurement gaps) is not precluded.
Overall control of System Information acquisition: With scheduled SI-gaps, the control of when UE acquires system information rests with the serving eNB. It is clear that the eNB initiates gaps when handover evaluation is triggered and it may be better to stop the gaps when they are no longer needed.
Proposal SG-1: eNB initiates SI-gaps when handover evaluation is triggered and potentially ends SI-gaps when UE has acquired system information.
	Company
	Comments
	Proposal SG-1

	
	
	Is agreeable
	Is not agreeable
	Needs further discussion

	Qualcomm
	Autonomous gap based solution seems better from complexity point of view, and performance loss due to unscheduled gaps is negligible in our view.
Also, parallel MIB reading is relevant to the autonomous gap based solution, as it reduces the number of missed subframes for the serving cell.
	
	X
	

	T-Mobile
	We prefer AT-gaps if application currently running on the UE allows this (i.e. bursty traffic with idle times). Dependency between SI-gap and AT-gap based application with continues data traffic need further discussion. 
	
	
	X (dependency of application)

	LGE
	Depending on UE capability, UE radio quality and available UE idle period, the optimal length of required SI gap would be very different. This may imply that the design of optimal procedure for SI gap assignment would not be that simple. 

Autonomous gap seems to be an acceptable approach as its complexity is confined only within UE internal behaviours, and furthermore good UE implementation and capability would gracefully minimize possible loss of radio resource. 

We are yet quite sure how extensively H(e)NBs are deployed when Rel-9 UEs are widely deployed, so it is questionable how much we really benefit from such a (possibly) complicated procedure for scheduled gap while autonomous gap solution could provide a good compromise in complexity and performance. 


	
	X
	

	CATT
	We prefer autonomous gap. The scheduled gap mechanism loses some flexibility and needs more signaling.
	
	X
	

	Samsung
	We prefer autonomous gap approach as it’s fast, simple and almost optimal in the disruption time and SINR point of view. If operators have concern on the little control over UEs in the autonomous gap approach, we can define a specific performance requirement in RRM or additional control mechanism as QCOM suggested for 1.3.2. 
Also we have same complexity concern as LGE.
	
	X
	

	Panasonic
	Having network to scheduled gap for SIB acquisition would be a straight forwards solution to allow common procedure between intra-Frequency and inter-Frequency cases. We are FFS on AT gaps.
	X
	
	

	DOCOMO
	This is straight forward and reliable. The performance as well as the U-plane impact is clearly predictable. The extra signalling compared to AT-gaps should be tolerable and the delay should be negligible, i.e., the UE is entering an HeNB cell and will not be moving fast.
The mechanism should not be dependent on the application. A unique solution should work for all types of applications including VoIP. We should avoid the case where Rel-9 turns out to be insufficient for certain types of applications, and we need to enhance yet again in Rel-10.
Complexity does not seem to be a valid argument, since either way (SI-gaps or AT-gaps), the UE will need to create gaps and acquire SIBs. With AT-gaps the UE will further need some intelligence to decide when to read SIBs and when not to, and this will require relevant database as well. How can this be less complex compared to SI-gaps?
	X
	
	

	InterDigital
	We prefer scheduled gaps unless the UE is capable of acquiring system information of the target cell during its natural idle time (i.e. provided by DRX), or unless the application allows it as T-mobile suggests.
	X
	
	

	HuaWei
	We think that autonomous gap solution is better from complexity point of view. As to the service impact, we think that performance loss could be acceptable especially when autonomous gap is used together with the reduction of hNB SIB scheduling period.
	
	X
	

	ZTE
	At least for inter-frequency case UE can not acquire MIB for free in theory.  So UE have to tune to another frequency to acquire MIB and SIB1. It may cause too much interruption for on-going service. By the way the delay requirement for inter-frequency is about 30s. So to configure SI-gap after some kind of measurement report will not cause too much problem.
	X
	
	

	Nokia & NSN
	Autonomous gaps seem simpler both from a standardisation and specification viewpoint.
	
	X
	

	Motorola
	We fully agree with comments from DoCoMo. For simplicity in UE implementation and to ensure predictable performance, eNB control of the SI-gaps is preferred.
	X
	
	

	Telecom Italia
	This is the best approach since it completely eliminates PCI confusion. Moreover, it allows an operator to fully control the interruption time by providing confident performance that can not be guaranteed by using autonomous and UE implementation mechanisms.

 As indicated in previous section, some optimisation mechanism, like proximity indication, can be used to assist the network in the procedure.
	X
	
	

	Vodafone
	The problem with SI gaps is that UE will for sure miss out VoIP packets until it has successfully decoded the SIB1. On the other hand, if AT gaps are used UE requires knowledge about the timing of the system information transmission in order not to create gaps at points where no system information transmission is taking place. In our view, the SI gaps could be used to reliably acquire MIB and AT gaps can be used to acquire SIB1 transmissions once their timing is known. 
	X (for MIB only)
	
	

	Ericsson, ST-Ericsson
	Some network control is preferred when UE acquires SI of target CSG cell. However autonomous acquisition of SI information during assigned idle/DRX periods should also be allowed.
	X
	
	

	ALU
	Our view is that If there can be no guarantee of performance from UE for AT gaps then this is the alternative.
	X
	
	


Structure of gaps: Two gap structures can be considered:

1. Extended SI-gap: An extended SI-gap can be scheduled during which the UE tries to decode MIB or SIB1 or both by combining multiple transmissions [6], or
2. Sequence of short SI-gaps: A sequence of short gaps are scheduled, such that UE tries to acquire one transmission of MIB or SIB1 during a short SI gap [7].
Issue SG-2: Please indicate below whether you prefer ‘Extended SI-gaps’ or ‘Sequence of short SI-gaps’ (or both) with appropriate comments. It is possible to have a combination of the two (e.g., extended SI-gap for MIB acquisition and sequence of short SI-gaps for SIB1 acquisition), and companies can indicate they support both.
	Company
	Comments
	Issue SG-2

	
	
	Extended SI-gaps
	Sequence of Short SI-gaps
	Needs further discussion

	DOCOMO
	This is too early to be discussed. Would be a next step if RAN2 agrees to SI-gaps.
	
	
	X

	InterDigital
	If SI-gaps are adopted, a sequence of short SI-gaps seems preferable to minimize disruption.
	
	X
	

	ZTE
	UE can report some kind of timing information e.g. timing difference between radio frame to help eNB to know where the  MIB and SIB1 is in time domain based on fixed scheduling scheme. So short SI-gap is preferred. However short SI-gap doesn’t  have to “in sequence” because UE might finish reading MIB before SI-gap for MIB is ended. So the detail of how to configure short SI-gap is for further study.
	
	X
	X

	Telecom Italia
	Based on last meeting discussion, maybe only SIB1 reading will require SI-gaps (based on parallel MIB reading feasibility). If this is the case, a sequence of short SI-gaps may be sufficient. 

Anyway, the details require further analysis and we agree with DOCOMO this will be a second step.
	
	
	X

	Vodafone
	In our view, the best solution would be for UE to identify the timing of the target cell MIB and SIB1 transmissions e.g. based on the timing of the target cell synchronisation channel. If the timing is reported to the serving cell, serving eNB can configure small gaps to acquire the MIB and SIB1.

However, if SFN is required to identify SIB1 transmission time, then an extended SI gap is required to first acquire MIB and then timing information is sent to the network to set up small gaps for SIB1. 

As a third alternative, once UE has acquired the MIB using one SI gap, UE would autonomously acquire the SIB1 transmissions based on knowledge of the timing without the need to involve the network (using AT gaps). However, this solution can lead to UE missing VoIP packets with a certain probability e.g. 10% probability assuming a 2ms gap is configured for each SIB1. However, this seems better than having an extended gap to read both MIB and SIB1. 


	
	
	X

	Ericsson, ST-Ericsson
	We agree with DoCoMo that this is too early to discuss, i.e. should decide on SI-gaps first
	
	
	X


1.3.2 Autonomous Gaps
Terminology: “AT-gaps” are used below to refer to unscheduled autonomous gaps for reading system information to distinguish such gaps from measurement gaps as defined in Release 8 (which are for measuring RSRP etc).
Overall control of System Information acquisition: With autonomous gaps, the UE has control over when it attempts to acquire system information. However, complete autonomy for the UE may not be desirable. If serving eNB is aware that UE is attempting to acquire system information, it can take actions to minimize lost packets, reduce impact of the interruption and in general control UE behaviour.    

So there are the following two options: 
· eNB initiated SI acquisition: Serving eNB instructs UE to acquire system information (using autonomous gaps) when handover evaluation is triggered [6].
· UE initiated SI acquisition: UE attempts to acquire system information (using autonomous gaps) when handover evaluation is triggered always without knowledge of serving eNB [6]. eNB may optionally provide additional information to avoid unnecessary system information acquisition (FFS; proposed by Qualcomm during email discussion).
· 
Issue AT-1: Please indicate below whether you prefer ‘eNB initiated SI acquisition’ or ‘Complete autonomy for UE’.
	Company
	Comments
	Issue AT-1

	
	
	eNB initiated SI acquisition
	Complete autonomy for UE
	Needs further discussion

	Qualcomm
	We favour “UE initiated SI acquisition”, and in particular “supervised autonomy for UE”. The network should be able to tell the UE about PCIs that are eligible for SIB reading (so that UE does not waste time reading SIBs of macro cells, for example), and potentially about some signal strength thresholds where UE should read SIBs (similar to event A3). 
Also, for the eNB initiated SI acquisition, we would like to understand if any extra signalling is required on UL? On DL? 

Supervised autonomy for UE: UE attempts to acquire system information (using autonomous gaps) when handover evaluation is triggered without knowledge of serving eNB [6], but some policy guidelines are provided by the network.
[Qualcomm view on document structure: To simplify initial discussions, we could merge the “complete autonomy for UE” and “supervised autonomy for UE” into one option called “UE initiated SI acquisition” with the understanding that two flavours are possible within this category. That way the two broad solutions will be “eNB initiated SI acquisition” and “UE initiated SI acquisition”].
[Aug 14] Regarding the packet loss issue associated with autonomous gaps, the analysis from Samsung (R2-093980) showed that loss of a VoIP packet is quite unlikely, and one or two packets may be lost in a worst case. Overall interruption to serving cell traffic should be less with autonomous gaps because the UE only drops the particular subframes where SI reading is done, rather than taking an extended gap during service is interrupted.
Anyway, as Motorola mentioned, hopefully RAN4 will provide some guidance on this issue.
Regarding the aspects of feature reliability and network control, we would like to understand more about the specific concerns with autonomous gaps. 
	
	X
	

	T-Mobile
	We prefer complete autonomy for UE AT-gap for Rel-9. We should consider a control function from the network to enable/disable the UE autonomy (i.e. if the network does not support inbound HO to CSG).
Further enhancements for Rel-10+ should be considered.
Comment to QC above: The UE has already sufficient information about the PCIs from the CSG PCI split in the network (if used) – nothing in addition is needed here.
	
	X
	

	LGE
	For Rel-9 we also prefer ‘complete autonomy for UE’ solution. Autonomous gap seems to be an acceptable approach as its complexity is confined only within UE internal behaviours, and furthermore good UE implementation and capability would gracefully minimize possible loss of radio resource. 

Only if the loss of radio resource needs to be immediately more focused on, some restriction or enhancement to ‘complete autonomy for UE’ may be considered to reduce the loss. Otherwise further enhancement to autonomous gap could be considered in Rel-10. 


	
	X
	

	CATT
	We prefer “UE initiated SI acquisition”. UE shall attempt to acquire system information using autonomous gap without being notified by the network every time. Such autonomous mechanism needs no time delay for the UE waiting for gap configuration, and signaling is saved.
	
	X
	

	Samsung
	Agree with T-MO and LGE.
	
	X
	

	Panasonic
	Consider the available of fingerprint match for potential allowed CSG cell within UE vicinity; we think either “eNB initiated SI acquisition” or “Complete autonomy for UE” could be feasible but definite not both. The way forwards for which approach to be adopted should be further discussed.
	
	
	X

	DOCOMO
	AT-gaps is not desirable for a number of reasons:

· Scheduled resources will be wasted in the serving cell.

· Performance and U-plane impact is unpredictable, and might have severe impacts to certain applications.

· Performance requirements would be indispensable in RAN4. Although this approach reduces RAN2 impact, it would be extremely difficult to specify a good performance requirement in RAN4 that can ensure application QoS. Note that the serving cell still needs to schedule packets to the UE to meet the QoS, not knowing when the UE is not listening.
· Risk of UE missing some important C-plane messages from the serving cell.
· With AT-gaps approach, the UE on its own decides which cells to read SIBs. However, this may not necessarily match cells that the network wants the UE to acquire and report CGIs. For example, the network might have other reasons (like interference avoidance) to make the UE acquire and report CGIs.
· Fingerprint information may not be valid if PCI of the CSG cell changes at boot up or the surrounding environment changes.
	X
	
	

	InterDigital
	In case AT-gaps are adopted, we prefer UE-initiated SI acquisition with policy guidelines from the network. 

In addition, to mitigate the resource wasting and performance issues described by DOCOMO we should consider defining rules on the type of gap(s) used by the UE.
	
	X
	

	HuaWei
	We prefer complete autonomy for UE autonomous gap, since there is CSG PCI split information available in UE, so no additional message is needed. We also think that there might be some enhancements in R-10.
	
	X
	

	ZTE
	At least for intra-frequency case we prefer that UE initiate acquisition. One of the reason is the delay requirement for intra-frequency is 1 second. And it is quite strict. If UE can acquire in advance before UE can report something to network then the SI might be has already acquired and then another report for system information is saved. And if SI is not acquired the delay is also shortened because UE start it early. However some further measure should be taken to limit UE’s activity of acquisition of SI. So some implicit rule should be defined for UE to decide when to start acquisition. And some timing information should also be provided to eNB so eNB can know when UE would leave autonomously which will help optimizing scheduling in eNB. In simple some additional measure should be for further study.
	
	X
	Details of additional measure should be for further study

	Nokia & NSN
	A combination of both should be supported to minimise the impacts on ongoing services.

1) autonomous SI acquisition: the UE can use idle/DRX periods in the serving cell to look around and decode neighbour’s SIB as long as it does not disturb ongoing services.

2) eNB initiated SI acquisition: when a PCI for which confusion can occur is reported by the UE, the eNB asks for SIB1 decoding. Only if the UE does not already have the information (through decoding in DRX/idle periods or fingerprints info) it creates a gap autonomously to decode it.
Requirements for autonomous gaps would have to be specified to limit the time the UE goes away. We touched that point briefly at the previous meeting when we tried to assess how many speech frames could be stolen ~ 4 speech frames?

During an autonomous gap in downlink, the eNB may choose to still schedule the UE as it does not know after initiating SI acquisition whether a gap will be required and if it is, how soon the UE may return.

In the uplink, Rel-8 behaviour should ensure that data is buffered during a measurement gap (and eventually discarded depending on the length of the gap and duration of discardTimer).
	X
	X
	

	Motorola
	If the decision is to go with AT-gaps, we prefer eNB initiated SI-acquisition. This gives the network some control over the performance and makes the UE behaviour more predictable (although not as much as if scheduled gaps are used).
	X
	
	

	Telecom Italia
	The AT-gaps is less predictable than SI-gaps and does not provide operator control and guaranteed performance.
	
	
	X

	Vodafone
	It is our understanding that handover evaluation is always triggered by the network e.g. based on a proximity indication by the UE for detected CSG cells or network identifying a reported PCI as being for a hybrid cell which it cannot identify.

If AT gaps are used, it seems that the handover evaluation message is itself a trigger by the network for UE to use AT gaps i.e. it is never the case that UE would decide to use autonomous gaps without network knowledge. However, what network might not know (and this applies to UE initiated and network initiated SI acquisition using AT gaps) is when UE would create the gaps. If network would indicate to UE when it should create gaps then this become SI gaps rather than AT gaps. 

One possibility if for network to initiate a scheduled gap for MIB acquisition with an instruction that UE reports the event when MIB is correctly decoded and read SIB1 using autonomous gaps.  This would limit the required signalling to report the timing of SIB1 transmissions to serving eNB and for the eNB to configure small gaps based on the reported timing. However, it comes with an increased risk of losing VoIP packets.


	
	
	X

	Ericsson, ST-Ericsson
	Agree with TI concerning network control and performance. UE should be allowed to perform autonomous SI acquisition in assigned Idle/DRX periods.
	
	
	X

	ALU
	Assuming this can be triggered from the eNB, and that we would have performance requirements for the autonomous behaviour  and therefore minimize data loss
	
	
	X


2 Summary
The email discussion was organized into three subsections: (a) Detection of inter-frequency CSG cell, (b) Triggering of handover evaluation, and (c) System information Acquisition and Preliminary access checking.
For detection of inter-frequency CSG cell a proposal (T-2) to use a proximity indication to configure inter-frequency measurements was discussed. This proposal had significant (but not unanimous) support and most of the companies that did not indicate that this proposal is agreeable suggested that it merits further discussion.
For triggering of handover evaluation two proposals were discussed:

1. Proposal T-1 to indicate to the network that CGI acquisition is not needed for a particular PCID. Based on this any handover evaluation and handover preparation activities can be avoided. There was not much support for this proposal and most companies found it to be not agreeable. However, some companies seem to have interpreted this proposal as causing significant additional signalling. It was clarified by Interdigital and the Rapporteur that this indication would be included in a measurement report that is sent anyway. It was unclear if this clarification changed opinions of companies.
2. Proposal T-3 to send a proximity indication to the network signalling that a reported cell may be an allowed cell for the UE. There was fairly significant support for this proposal without a clear majority. A few companies felt this needed further discussion.
For System information Acquisition and Preliminary Access checking the discussion was separated into the two main topics: (a) Scheduled gaps, and (b) Autonomous gaps. The intention was to make progress on each of the two topics without trying to choose between the two at this point. An LS has been sent to RAN4 requesting evaluation of the two options, and it is expected that RAN4’s response will give RAN2 a clearer understanding of the suitability of each option. 
For Scheduled gaps (SI-gaps) the following were discussed:

1. Proposal SG-1: “eNB initiates gaps when handover evaluation is triggered and potentially ends SI-gaps when UE has acquired system information”. This proposal had significant support but also several companies found it to be not agreeable.
2. Issue SG-2 requested companies to indicate their preference between extended SI-gaps and a sequence of short SI gaps. On this question, most of the companies that responded felt that this needs further discussion.
For Autonomous gaps (AT-gaps) the following issue was discussed:

1. Issue AT-1 requested companies to indicate their preference between ‘eNB initiated SI acquisition’ or ‘Complete autonomy for UE’. ‘Complete autonomy for UE’ was later modified to ‘UE initiated SI acquisition’. On this issue, a majority of companies support the ‘Complete autonomy for UE’ approach.
Some opinions for Proposal SG-1 and Issue AT-1 suggest that companies were trying to choose between scheduled gaps and autonomous gaps, which was not the intention.
2.1 Proposed Way Forward

The following are proposed as items for further discussion:

· For Scheduled gaps, discuss Proposals T-2 and T-3 and try to agree on one or both.

· Additionally Proposal T-1 may need to be discussed based on clarifications from Interdigital.
· For Autonomous gaps, discuss Proposals T-2 and T-3 and try to agree on neither or one or both.

· Additionally Proposal T-1 may need to be discussed based on clarifications from Interdigital.

· Discuss eNB initiation of SI acquisition and UE initiation of SI acquisition to see if one of two can be agreed.
Flowcharts
For purposes of further discussion and based on the opinions expressed, several flowcharts are provided below. These are provided primarily for informational purposes. Two sets of flowcharts are provided: one for scheduled gaps and the other for autonomous gaps.
Note that these flowcharts do not cover all combinations (for example, proposal T-1 is not included).
Scheduled gaps:
The following flowcharts are provided for Scheduled gaps: (1) Scheduled gaps with no T-2 and no T-3, (2) Scheduled gaps, with no T-2, with T-3, and (3) Scheduled gaps with T-2 and T-3. The combination of “T-2 and no T-3” is not included – T-3 seems to be needed for scheduling gaps. The “no T-2 and no T-3” flowchart is included primarily for completeness (if T-2 and T-3 are not agreeable for scheduled gaps, then we still have to discuss how detection of inter-frequency cells and the scheduling of gaps would be done).
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Autonomous gaps:
The following flowcharts are provided for Autonomous gaps: (1) Autonomous gaps with no T-2 and no T-3, (2) Autonomous gaps with no T-2, with T-3, (3) Autonomous gaps with T-2 and no T-3, and (4) Autonomous gaps with T-2 and T-3. If both T-2 and T-3 are not agreeable for Autonomous gaps we essentially have the “Autonomous gaps with complete autonomy for UE” approach.
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