     Qualcomm Proprietary and Confidential


3GPP TSG-RAN WG 2 meeting #62




R2-082270
Kansas City, Missouri, United States, May 5 - 9, 2008
Agenda item:
4.6.2
Source: 
Qualcomm Europe (email rapporteur)
Title: 
Summary of email discussion on Home eNB inbound mobility support [61b_LTE_B06]
Document for:
Discussion
1. Introduction
In RAN2 #61-bis meeting some basic mechanisms for CSG cell identification and UE reporting were discussed [1] [2]. It was decided to have an email discussion to try reaching consensus on the following basic points.

· Issue 1:
Identification of CSG cell

· Option 1-A:

CSG cell identification based on a CSG cell flag in SI-1 (current working assumption)
· Option 1-B:

CSG cell identification based on a CSG cell specific physical cell identity space
· Option 1-C:

CSG cell identification based on a CSG cell specific frequency layer
· Issue 2:
“Gap” used for CSG identity acquisition from neighbouring CSG cell

· Option 2-A:

Rely on “natural gap” from DRX

· Option 2-B:

Allocate “measurement gap” after request from the UE
2. Discussions

The discussion in this document assumes the following “3-step” baseline procedure for CSG cell inbound mobility. This email discussion is focused on the step 1 and 2 below.

It should be noted here that the UE not-interested in CSG cell access shall also support the step 1 below in a macro/CSG mixed carrier (e.g. in order not to report CSG cells to the network). It should be further noted that UE will initiate the procedure step 2 and 3 below if the chance is high that the UE is in the vicinity of a usable CSG cell (e.g. autonomous search based on “macro cell fingerprint”)
1. CSG cell identification

The UE identifies whether a cell identified at the physical layer is a macro cell or a CSG cell. The current agreement is that the CSG indication flag is carried on SIB1.
2. CSG identity acquisition

The UE obtains the CSG identity from the system information of the CSG cell and checks whether the CSG identity of that cell is a part of the UE’s “CSG whitelist”.
3. Measurement report and Handover command (only in connected mode)
The UE reports CSG cells that it is interested in, including measurements results. The network initiates a handover procedure.
2.1. CSG cell identification
Currently “CSG flag” is included in SI-1 [3]. In a macro/CSG cell mixed carrier, the UE needs to know whether a cell identified at physical layer is a CSG cell or not. Once it is known to be a CSG cell, a UE interested in CSG cell access will further check CSG identity of the cell. A UE not interested in CSG has to make sure the mobility procedure (measurement reporting and handover) only involves macro cells. 

The main motivation of option 1-B is to avoid the reading of CSG cell flag in SI-1 for all the identified cells and make it possible for the UE to identify a CSG cell already at the time of cell identification at physical layer. In connected mode the benefit is better attributed by reduced latency in mobility procedure. In idle mode, lower power consumption can be expected due to not having to read SI-1 from neighbouring cells.

Another benefit of option 1-B from operational point of view is that it eliminates the need of physical cell identity coordination between macro and CSG domains. This seems to be important when we consider the “overlay” deployment due to coverage difference between a macro cell and a CSG cell.
Concerns were expressed during the meeting for the fact that the option 1-B may require physical layer changes in this stage of the standardization. It was also commented that the benefit of option 1-B is limited if we assume “the best cell on the same frequency” principle (i.e. anyway the UE shall select to the best CSG cell regardless of whether the UE is allowed to access the CSG cell). But it was questioned whether it is true that we need to stick to the principle in a mixed carrier scenario where interference coordination is almost inevitable.
Another option to consider is option 1-C where a frequency layer would be dedicated to CSG cells. This would naturally allow for deployment without physical cell identity reservation and other possible interference issues.
Comments received
T-it:  first of all we confirm (once for all) that both scenarios (intra-frequency and inter-frequency) shall be supported. In principle the best solution for the operator would be such that we do not need to configure and/or reserve the PCID, i.e. a fully autonomous UE search. However we can also accept some network complexity if this is useful for the UE optimisation. 

Having a CSG-specific PCID could be the preferred solution if this is beneficial both for intra-frequency and inter-frequency case. If for inter-frequency the SIB1 reading has only a small additional impact on the UE procedures if compared to the PCID cell acquisition, this optimisation is less beneficial. In this case the impact on the RAN1 activity at this stage may not be justified. Operators can always decide to reduce the UE battery consumption by reserving a set of “normal” PCID, but since this has only partial application (intra-freq), the baseline for the UE implementation would be to always check the SIB1.

TMO: we also see the benefits of reserving a certain amount of PCIs for deployments of CSGs as the macro cells. It should be discussed what number of PCIs would be needed considering dense CSG deployments. Fundamental changes to the LTE physical layer shall be avoided ! For the inter-frequency deployment (dedicated to CSG) it should be discussed what the benefits would be as this search towards the CSG cells shall be based on UE autonomous search.
Vodafone: We foresee a mixed carrier deployment scenario for HeNBs. We have some concerns about the need for UE to acquire SI 1 to be able to identify whether a cell is a home cell or not. In an area of dense deployment, such a requirement would impact the battery life. If RAN1 indicates that the solution to reserve a portion of the PCIs for HeNB use only is feasible then Vodafone would prefer to go for solution 1B. If we imagine a user walking down the street with all neighbours having home cell coverage leaking into the street, we see significant benefits in the UE being able to ignore the cell based on only the PCI.

Orange: In a mixed carrier scenario, we see also a real benefit to identify the CSG cells through the physical cell ID.

In case RAN1 decides that it's feasible to extend the number of physical cell IDs without any impact on the L1 specification, do you think there it is still beneficial to keep the CSG cell flag indication in the SI-1 as currently specified?

How the UEs not interested in CSG cell will understand that the CSG physical cell ID belongs to the so-called "CSG cell specific physical cell identity space"? How the "CSG cell specific physical cell identity space" is defined? Is it configured dynamically, statically, or semi-statically? How, the operator can configure this space? Through which signalling in the network?

If RAN1 decides that it is not feasible to increase the number of physical cell ID, we believe that the cell Flag indication needs to move from the SI-1 maybe to the MIB. In fact, the main drawback of RAN2 current assumption is that the UE will have to read the SI-1 for all the cells (macro and CSG cells).
Nokia and NSN: CSG identification should be as simple and as fast as possible to avoid disturbing UEs not having a CSG subscription. The simplest and fastest solution is to dedicate a frequency layer to CSG cells
T-it: From an operator point of view, the case of dedicated frequency layer is not always possible. Both the intra-frequency and inter-frequency scenarios shall be supported, as also indicated in the service requirements identified by SA1. It could be acceptable to have different solutions for intra-frequency and inter-frequency, but the details have to be analysed.

Moreover, for intra-frequency deployment, RAN4 have studied the interference scenario and indicated it as feasible.

I understand that a CSG dedicated frequency can make easier the non-CSG terminals operations, but probably complicate the CSG terminals operations, because of they always have to perform inter-frequency procedures for mobility. Is this also your understanding?
HW: We support mixed carrier deployment scenario for HeNBs. If RAN1 indicates that the solution to reserve a portion of the PCIs for HeNB use is feasible then we would solution 1B. We see significant benefits in the UE being able to ignore the cell based on only the PCI.
Samsung:  For the need to support mixed carrier operation, we guess this is more question for operators. If we don’t support it, operators, which don’t have a spare band, cannot provide CSG service at all. 
However, for Home-NB feasibility phase, RAN4 has decided that it is feasible to deploy Home-NB with macro cells in the same frequency. “Home (e)NodeB configurations intended for deployment in the same channel as an existing (e)UTRAN network should ensure their combined performance is not significantly worse than that of the original network. Feasible, however, especially in the case of CSG there will be an increased level of interference relative to dedicated deployment; interference mitigation techniques have been studied to reduce this.” in 25.820.” 
Based on the RAN4’s conclusion above, we support mixed carrier operation.
Panasonic: We agree with Nokia and NSN that option 1-C is the simplest solution for Rel-8. Therefore, our preference is 1-C. However, if mixed cell scenario is required for Rel-8, identification based on CSG specific physical cell identity is better than identification based on CSG cell flag, because UE can avoid unnecessary BCCH reading as Vodafone commented. As CSG specific physical cell identity solution, we see two solutions. One is to extend current physical cell identity space, which impacts RAN1 discussion. The other is to reserve current physical cell identity space. The reserved space may be signalled from current serving cell. This would be no impact to RAN1 discussion although the demerit is reduced physical cell identity space. The former solution looks better if CSG mixed cell scenario introduced not from Rel-8 as this would not impact Rel-8 UEs. The latter solution looks better if CSG mixed cell is introduced from Rel-8 as the standardization time could be reduced.
Vodafone: We see the deployment in a mixed carrier scenario as essential in order to make efficient use of available spectrum. If we dedicate a carrier to CSG, we would need to fragment the spectrum resource available for macro cell deployment and this is not acceptable to us even for Release 8. 
ZTE: we also support mixed carrier deployment. And it is also fine for us to reserve part of the PCI for CSG cells if it will not affect the dimension of macro cell too much. 
Qualcomm:  We have a question for the option 1-C. The question is how the legacy UEs are supposed to behave in a mixed carrier in the future. If we take this solution, there will be legacy release-8 UEs not supporting any differentiation between macro and CSG cells on the same frequency. If an operator is to deploy a mixed carrier in e.g. release-9, we believe that the solution to divide the existing Physical Cell Identity space does not work (because the legacy UE does not understand the concept at all). To us this almost automatically means that we will need to have a new set of Physical Cell Identities that legacy UEs do not measure. So in the end we need to consult RAN1 on the feasibility now?
Ericsson: The importance of mixed carrier deployment is primarily an operator issue, although Ericsson prefers a simple solution (1-C).

If 1-B is required, then modification of Layer1 specifications should only be accepted if RAN1 finds a solution, which does not jeopardize the Rel-8 time plan. Reserving a fraction of the 504 values for CSG cells is feasible. This may reduce the frequency of “false gap requests” for the mixed carrier case.
Supporting companies
Option 1-A:

Option 1-B: T-it (only if this has some benefits also for the inter-frequency case; otherwise we rely on 1-A); T-Mobile (but only if limited impact to the physical layer specs is ensured); Vodafone (assuming no major impact on physical layer specs) , Orange (depending on RAN1 decision), Nokia and NSN (only if Option 1-C is not acceptable and no major changes to RAN1 are needed), HW (depends on RAN1 decision but we think a RAN2 solution could be investigated). Qualcomm, ZTE, Samsung, Ericsson (only if no major RAN1 changes are needed)
Option 1-C: Nokia and NSN, Panasonic (if mixed cell scenario is required for Rel-8, CSG specific physical cell identity is preferable)
(It should be noted that the option 1-B requires a LS to RAN1 for their feasibility analysis and, if feasible, decision on exact solution)
Related question

For the Option 1-C it is important that RAN2 conclude on the essentiality of the macro / HeNB mixed carrier operation. It is also important to think about forward compatibility of the solution we are going to adopt (i.e. whether solution should not preclude the possibility of a future mixed carrier deployment if not essential in release-8).

Is mixed carrier operation essential?

Yes:
T-it, Huawei, Vodafone
No:

2.2. “Gap” used for CSG identity acquisition
(The discussion in this section is only applicable to connected mode)

Once a CSG cell is identified (and if the UE is interested in CSG cell access), the UE needs to obtain the CSG identity of the identified cell. The CSG identity will be then checked against the CSG identity white list in the UE.
One important question is how the UE acquisition of CSG identity is done. The CSG identity will be included in the system information and thus it requires some form of “gap” in the current connection with the serving cell. There were two solutions discussed in the RAN2 #61-bis meeting.
Option 2-A)

There is no separate gap request procedure for the CSG identity acquisition purpose. The UE relies on available natural gap from DRX operation for CSG identity acquisition. This means the UE tries to read CSG identity only when there are sufficient natural gaps.
Option 2-B)

There is a separate gap request procedure for the CSG identity acquisition purpose. Measurement Report procedure is used for the purpose of gap request. The UE tries to obtain CSG identity using allocated measurement gap for this purpose.

It was commented in the previous meeting that the option 2-A does not allow the UE to acquire a CSG identity in case of a real-time service (e.g VoIP). It was then commented that gap allocation with the option 2-B would affect user traffic/service perception and it should be avoided that the UE requests for gaps every time a CSG cell is found. 

The following table summarizes the pros and cons of each option.

	
	Option 2-A (No gap request)
	Option 2-B (Gap request)

	Pros
	· User traffic is not affected

· Simple
	· Allows for fast identification of desired CSG cell
· Complex

	Cons
	· Desired CSG cell can not be found unless there are sufficient natural gaps (e.g. not in case of VoIP)
	· User traffic can be affected due to measurement gap (e.g. in case of VoIP)
· Requires signalling for gap request / gap allocation


Comments received
T-it; we see the need for the inbound mobility in active mode mainly for coverage reasons; as such the handover failure (especially for VoIP) has much more impacts on the user experience than the effects of the gaps. It is not clear to us what kind of user impacts are expected for a VoIP service: would it not be the same as for an inter-RAT handover to UTRAN or GERAN? For non –RT services we could accept to only rely on DRX (when applicable) or on reestablishment (for FTP).

The other scenario for inbound mobility is for interference reduction generated on the CGS cell; however we feel that this is more evident for high speed data services rather than a UE making a VoIP call; hence, as said above, for this purpose, the autonomous DRX based measurement is sufficient.

We understand that the gap request/ control by the network has some impacts, but since it is for the case of loss of coverage, we can probably handle it in the same way as for an inter-frequency / inter-RAT handover. The need for CSG-specific reporting events may be further discussed if felt beneficial.

TMO: We prefer a solutions which does not have (significant) user impact. But this is depending on various factors. E.g. relying on natural gaps would be fine for interactive or periodic services, but for VoIP, streaming and FTP it will not work. Creating “gaps” would likely have impact on VoIP services and throughput is degradated for other services. 
When we chose a solutions which requires the creation of gaps it should be aligned with the needs for SON ANR in order to rely on similar solutions (also here the user impact shall be minimised).

We note that the inbound mobility to CSG is the most complex part of the CSG solution and thus some more understanding about the complexity of the different solutions is needed.
Vodafone: The decision to request measurement gaps by UE is based on whether the detected cell is a CSG cell or not (either by CSG flag in SI-1 or PCI). In an area of dense deployment it is likely that UE will detect many CSG cells which are not valid. In those cases UE will generate extra signalling and gaps unnecessarily. This can happen even if we use some form of finger printing because the macrocell coverage is likely to be relatively large compared to the home cell. In our view the natural gaps should be used as much as possible to avoid this extra unnecessary signalling.  If there is an overlay of the macrocell and HeNB, it would be ok to maintain the VoIP call on macrocell even if HeNB coverage is available. For non-real time data services, the natural gaps should be sufficient to support the inbound mobility.

In case of coverage extension for VoIP calls, we believe that the UE could still have the opportunity to validate the detected CSG cell by reading SI-1. In a normal conversation a user is only talking for part of the time and listening at other time. While the user is talking it is likely that no VoIP packets will be coming down on the downlink and UE can use the natural gap created to read SIB1. Even if SID frames are sent, I think they have a periodicity of 160 ms and hence even in this situation natural gaps would be available. Hence, we have a preference for option 2-A. 
Orange: We also see the benefit for inbound mobility to CSG cells. The frequent request of the measurement gap to identify whether the neighbouring cells are of CSG type or macro type has strong impact in the quality of the ongoing VoIP call. Our main requirement is to guaranty a good user perception especially for real time services. Hence, Orange has some preference for the option 2A where natural gaps are used even if the inbound mobility to CSG cell will not occur during the ongoing VoIP (consequently mobility to CSG cell will be delayed). 

To conclude, if the inbound mobility during VoIP call is too complex, we think that one solution will be to maintain the ongoing call VoIP call on the macro cells than degrading the user perception.

Regarding the scenario where a UE in macro-cell is loosing coverage and enters a macro-cell coverage hole, we think that there are two cases:

· The UE is not interested in CSG cell: in this case, whether measurement gaps are used or not, the call would end being dropped anyway. 

· The UE is interested in CSG cells: measurement gaps would be useful (even if it may degrade temporarily the voice call), as they would enable to use a CSG cell as a coverage extension, in the end.

Thus, measurement gaps are beneficial and should be supported in case of macro-cell coverage loss. 
We support by default natural gap but if there a simple solution to request a measurement gap when it is needed we are interested
To summarize:

· when the UE has no problem of coverage, we prefer that measurements are performed in natural DRX periods, to avoid degrading the service quality;

· when the UE is undergoing a macro-cell coverage loss, we agree that measurements gaps should be introduced, even if it degrades temporarily the service, so that additional coverage is provided by a CSG cell, and the call is not dropped.
Nokia and NSN: our main concern with a gap-request procedure is that when a large number of CSG cells are deployed, a UE will keep on requesting gaps (interrupting ongoing services) for checking cells that it most probably cannot access anyway. The higher the density, the faster the UE (in terms of mobility), the worse the problem becomes. Our preference is therefore to rely on natural gaps. One possible exception could be the loss of coverage where no natural gaps occur: once the serving cell quality goes below a given threshold and if a CSG cell quality goes above a given threshold, the UE would be allowed to ask for a gap. But even in that case the benefit for using a gap request procedure is questionable as it would be slower than relying on the UE and the eNB would probably not reject the request in any case. For that case, we would prefer to rely on the UE to create a gap.
T-it: In my understanding, if we mainly target the case of loss of coverage on the current frequency, an event is sent by the UE so that the network provides the necessary gaps in order to start measuring inter-frequency or inter-RAT cells. In principle the network could use the same triggering event to also configure the gaps for CSG detection, so the terminal does not need to send an additional event to request the gaps or, in other words, the network only configures gaps under the condition of loss of coverage.
In the simpler case where the same gaps for e.g. inter-RAT can be used also for CSG (pending RAN4 discussions), the double configuration is not needed.
Huawei: Prefers 2-B as we believe that it is important that the performance of handover to CSG is guaranteed and deterministic so that networks can rely on this. For real time services we believe that GAPs are needed for urgent handover, however we see that it is necessary that we should ensure that the mobile does not request GAPs each time a CSG cell is detected. As for non real time support we believe that these can be re-established on the eNB and handover either GAP or natural GAPs should not be pre-cluded. We believe that the layer 1 mechanism for CSG detection should identify uniquely the individual CSG that the UE belongs to and this will resolve problems for faulty detection.
Qualcomm:
We completely share the concern raised by Nokia and Nokia Siemens Network. We should avoid unnecessary gap creation (which can cause service disruption) due to the UE seeing a lot of CSG cells. So we are to adopt the option 2-B, some mechanism to limit the number of gap request the UE will be sending. It seems that some companies see the need of some form of “artificial” gap in case of loss of coverage. Criteria are needed for the UE to determine whether he is experiencing “a sort of” loss of coverage (we would assume this is not the same as OOS or Radio link failure). We could reuse the exiting measurement event with tuning of parameters. Keeping this in mind we also think it is one possibility to let the UE autonomously create a gap as Nokia and Nokia Siemens Network suggested.
Samsung:  With the following considerations, we guess option2-A might support VoIP as well. 
· Inbound HO to CSG cell is not so time critical, i.e. Upto 30s. 
· Even for VoIP service, we can have natural gap, e.g. 6-10ms. And it can be used for measurements during 1 or several seconds.  
· For VoIP service, we have silent period, i.e. 160ms. Then, once the UE enters into silent period during 1s or several seconds, 160ms natural gap also can be used for measurements. 
In addition, if we transmit GCI every 10ms (by either to include GCI into MIB if possible or to transmit CSG’s SIB1 every 10ms, it would be also helpful. However, it would be also true that it might not be possible to perform handover for the UE, which are in continuous connected state.Based on the above, we slightly prefer option2-A with the conditional that the CSG cell is not used for coverage extension and we don’t need to support handover for all services. 
Panasonic: we also prefer the solution which doesn’t need additional signalling. Therefore, if long DRX is used, it should be allowed for UE to monitor CSG cell including BCCH reading. On the other hand, in order to support extension scenario, measurement report could be used. For example, if the quality of macro cell goes below a given threshold and the quality of CSG cell goes above a given threshold, event could be triggered and measurement report is transmitted. eNB detects that gap is required for the UE based on the measurement report. We think that normal measurement reporting procedure is used for this as Qualcomm commented above. Therefore, network needs to configure measurement before.
ZTE: we don’t think the two options has to be exclusive with each other. If there is sufficient natural gap or time for the UE to read the CSG id then UE can just do it during the measurement process. And if UE can’t do it due to short natural gap or lack of time then UE can report one measurement event and let eNB decide whether an artificial gap is needed or not. In case CSG cell is used to extend the coverage some measurement parameter has to be adjusted to enable a quick measurement report especially for inter-frequency scenario.
Qualcomm:  We still believe there has to be a mechanism to limit the number of gap request from the UE. The eNB does not have good knowledge to determine whether the artificial gap is really needed or not. So the restriction should be imposed in the UE side.
Ericsson: Agree that there will (depending on deployment scenario and PHY ID allocation) be frequent reading of cell IDs from cells, which cannot be accessed. The difference between “UE requests a gap” and “UE to create a gap” is (a) to some extent how well the gaps can be positioned to avoid data disturbances (but the UE doesn’t know when DL data will arrive, so there is no clear advantage for the “UE to create a gap” alternative) and (b) if there are different rules/criteria for two methods of activating gaps (where the “CSG gaps” are limited to ‘loss of coverage’ situation). The difference in rules could be eliminated by configuring conditions for the special “gap request for CSG reading” event. The “optimal combination” thus appears to be 2-A + 2-B using conservative criteria, so that gaps are only activated in poor coverage and “continuous traffic” (e.g. VoIP).

We interpret that “UE to create a gap” is different from 2-A, which is called “Rely on “natural gap” from DRX”. It appears to be a third alternative (2-C), where the UE autonomously “abandons” the source cell to read neighbour cell identities. We also interpret that statements like “2-A, but for loss of coverage, gaps are needed” means that both 2-A and 2-B are needed. The main question thus appears to be if one solution (2-A or 2B/C) is sufficient for Rel-8, and the other can be added in Rel-9 as a performance enhancement, or if both 2-A and 2-B (or 2-C) are needed.
Supporting companies

Option 2-A: T-Mobile (currently slightly preferred by TMO; for the loss of coverage we might reuse what is needed anyway). Vodafone, Orange (for loss of coverage, gap assisted is needed), Nokia and NSN: for all RATs, for loss of coverage, the UE creates a gap, Panasonic (gap request is still possible based on measurement configuration), Samsung, Ericsson (for loss of coverage case, option 2-B is often needed)
Option 2-B: T-it: a gap assisted method should be supported at least for VoIP services in case of loss of coverage. The gap configuration however may have similar triggers as for the inter-frequency / inter-RAT measurements; Hw: a gap assisted method should be supported for at least VoIP services.
3. Proposed way forward
3.1. Issue 1: CSG cell identification

The majority of companies seem to think that it is worthwhile to consult RAN1 on the feasibility of having CSG cell specific physical identities. It is considered that the whole impact to the physical layer should be limited and the solution should not delay the release-8 standardization and also implementation.
There was a view expressed by some companies that macro / CSG mixed carrier deployment could be precluded from the release-8, but only if acceptable for operators. Looking at the feedback from operators however, it seems that the group is not ready to take this approach.

Therefore the following is proposed as the way forward for the issue 1.

Proposal 1:
Send an LS to RAN1 on the feasibility of using CSG cell specific physical cell identity for CSG cell identification.
3.2. “Gap” used for CSG identity acquisition

It seems that the option 2-A (i.e. use of natural gap) can be taken as the baseline mechanism for the CSG identity acquisition.
Even though the majority supported the option 2-A, most of the supporting companies thought that some other mechanism would be needed to address the scenario where CSG cell is used for coverage extension. In this scenario the requirement for the inbound mobility to CSG cell becomes rather stringent and thus a mechanism will be necessary to allow the UE to obtain CSG identity in case of loss of macro cell coverage when the UE does not have enough gaps allocated.

For the mechanism to create gap, two possible solutions were mentioned. One is to use a gap request & allocation and the other is to allow the UE to autonomously “tune-away” from the serving cell. In both solutions, it is desirable to ensure those events happen only when a gap is really necessary. So the mechanism for the UE to detect loss of coverage would also be required.

It is proposed that RAN2 further discuss the solution for the deployment scenario in which CSG cell is used for coverage extension.
Proposal 2:
Take the agreement that the baseline mechanism for the CSG identity acquisition is the option 2-A
Proposal 3:
Further discuss the solution to address the deployment scenario in which CSG cell is used for coverage extension
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