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1 Introduction
This e-mail discussion is the continuation of what we discussed at RAN2#74bis] and RAN2#75 based on [1][2] regarding the applicability scope of PCI split info. 
The objectives of this e-mail discussion are:

· To reach on the consensus among companies on the applicability scope of PCI split info

· To prepare the CRs and summit them to RAN2#75bis for LTE and UMTS (if needed for UMTS)
2 Discussion
So far RAN2 made much effort to refine CSG-related information and the relevant behaviours to support mobility to EPLMN and to be in ready for possible RAN sharing in HeNB. As a result, through [3]-[7], unnecessary/unintended linking of CSG identity to the primary PLMN was removed from Rel-8 and other changes were made from Rel-9. 
There is still one linking between pPLMN and CSG-related information. If we look at the field description of csg-PhysCellIdRange (often referred to as PCI split info hereafter) in TS 36.331, the applicability of the field is linked to primary PLMN as specified below:
	SystemInformationBlockType4 field descriptions

	csg-PhysCellIdRange

Set of physical cell identities reserved for CSG cells on the frequency on which this field was received. The received csg-PhysCellIdRange applies if less than 24 hours has elapsed since it was received and it was received in the same primary PLMN. The 3 hour validity restriction (section 5.2.1.3) does not apply to this field.


So it should be asked if this sort of legacy linking is still acceptable or should be replaced by other kind of PLMN restriction or if such (any kind of) PLMN is really necessary. 
2.1 Issue List 
This e-mail discussion will treat following issues to aim at reaching the consensus on the reasonable NW deployment and UE behaviours in terms of applicability of PCI split info. To draw a robust outcome, we need to discuss a couple of issues as follows (rather than focusing on a single/main issue):
Main issue
· Applicable scope of PCI split information
Other issues (related to the main issue)
· The concern that UE may not apply new PCI split info that is being broadcast by the new serving cell

· When UE detects that the previously received PCI split info is invalid, it is not clear whether UE should discard the PCI split info or just suspend using the PCI split info. 
2.2 Considered Requirements with regard to PCI split info
We start our discussion by sharing two requirements regarding the PCI split info. There are two requirements, each of which seems to go to the opposite direction:
Requirement 1: It should be guaranteed that UE which is not interested in any CSG applies valid PCI split info so that such UE can avoid unnecessary attempts of reselections to CSG cells
Regarding the requirement1, the followings should be noted:
· This requirement comes from the fundamental design principle of PCI split info. Therefore this has been assumed as a principal purpose of broadcasting PCI split info. 
· If the requirement 1 is not guaranteed, the UE may exhaust its battery due to unnecessary cell reselection attempts to CSG cells. If CSG cells are heavily deployed, the UE impact becomes severe.
In addition to the requirement 1, another requirement was stressed out by QC during offline discussion. This requirement can be formulated as:
Requirement 2: It should be guaranteed that invalid PCI split info is not applied such that UE is never deprived of valid reselection attempts to macro cells. 
· The requirement2 comes from the concern that in a case where neighbour macro cell on the intra-frequency is using a PCI that is (by chance) in the PCI range of CSG cells being applied by the UE, the neighbour macro cell will be unfortunately ignored by the UE at reselection process.
· So if the requirement2 is not guaranteed, the UE may end up with reselecting non-best cell while the ignored cell is the best cell for the UE. 
Company view
· [Company input here]
· TeliaSonera: Isn’t it possible to avoid the listed issues above if the operators sharing a network agrees on a common PCI split per carrier?
· Vodafone: In our view, requirement 2 is more important than requirement 1 because a UE wrongly ignoring a valid macrocell will create a coverage hole for that UE. In theory, for a Greenfield deployment scenario, operators should be able to coordinate the CSG split usage to avoid this problem. Our concern is that if two operators have independently been deploying CSG cells with their own CSG split and then they decide to start doing RAN sharing. In this case, it would be desirable if a complete re-planning of the network is not required just because CSG PCIs have been used for macrocells in each operator’s PLMN. Replanning of border cells is probably expected and necessary. 
· [Deutsche Telekom] Some history: PCI/PSC split information is an optional means to allow the UE not interested in CSG to avoid reselection to cells which are in fact CSG cells. This was introduced couple of years ago in Rel-8. The UE as such can not at all rely on this information. We agreed that the PCI/PSC split information is valid per frequency on which it was received for a max. of 24h. Inn the course of writing the RRC stage3 it happened that the information was somehow bound to the pPLMN. Operators (incl. Deutsche Telekom) argued that for network sharing scenarios the operator will coordinate this information as part of the necessary coordination work for such deals. So logical consequence is that the PCI/PSC split is valid for all the broadcasted PLMNs on the frequency where it has been received.
· NNSN: Both requirements 1&2 are important and needs to be fulfilled. Especially if requirement 2 is not fulfilled then the system is broken, because UEs using invalid PCI split information may not be able to camp on any cell. In addition we would reword the requirement 2 as follows: “It should be guaranteed that invalid PCI split info is not applied”, because invalid PCI split info should not be applied also in case where reselection is attempted to allowed CSG cell.’
· LGE: both requirements are important. If trade-off exists between two requirements, requirement2 can be prioritized 
2.3 Tricky scenarios where the validity of PCI split info is questioned
It is up to operator’s policy which requirement is indented one in different NW deployment/UE mobility scenarios. There are some tricky cases where it is not clear which requirement between requirement1 and 2 is really the intended one. 

The variation of different scenarios mainly depends on the change of primary PLMN (pPLMN) and registered PLMN (rPLMN). Followings are the examples of such scenarios. Let us assume that all cells below are on the same frequency:
· Scenario 0: UE mobility from Cell_A (pPLMM=P1) to Cell_B (pPLMN=P2) where 
· PCI split info is available for the UE in Cell_A
· rPLMN of the UE is P1 in Cell_A and P2 in Cell_B.
[Vodafone]
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1. If operators P1 and P2 want to do ‘frequency sharing’, one operator has to ensure that the border cell does not use a PCI which is in the PCI split 

for the other operator. 

2. Border Cell B can only broadcast a PCI split  which contains PCIs in BOTH CSG split for PLMN P1 AND PLMN P2. Another option is Cell does 

not broadcast a PCI split. 

3. It is important that whilst in Cell B, UE does NOT consider CSG split for Cell A as valid. In this scenario, since both rpLMN and pPLMN change, 

either could be used to invalidate the PCI split.

4. When UE moves to Cell C, it will acquire the PSC split for P2 which is OK to use whilst deep inside P2 PLMN. 

Conclusion 1: Border Cell Planning is required by operators wishing to share a frequency so that the border cells do not use a PCI which is in the 

CSG PCI split used by either PLMN.

Conclusion 2: Either change of rPLMN or PLMN can be used to invalidate Cell A PCI split. This avoids the need for cell B to mandatorily broadcast 

a PCI split which is intersection of P1 and P2 PCI split which would overide P1 CSG PCI split in that cell. However, there should be no need to 

change PCI split when deep inside P2. 


· Scenario 1: UE mobility from Cell_A (pPLMM=P1, sPLMN=P2) to Cell_B (pPLMN=P1) where

· PCI split info is available for the UE in Cell_A
· rPLMN of the UE is P1 in both Cells

[image: image2.emf]4

CSG split (3)

PLMN =P1, P2 PLMN =P1

UE : CSG split (3)

rPLMN = P1

pPLMN = P1

UE : CSG split (3)

rPLMN = P1

pPLMN = P1

A B

5

1. Planning should ensure that shared cell broadcast a PCI split that does not prevent UE to reselect to a cell 

of either PLMN P1 or PLMN P2. When UE moves to unshared cell P1, the shared cell CSG split for that 

frequency should be invalidated. Two options exist:

i) Cell B brodcasts new PCI split valid for that frequency  which overides any previous CSG split for that 

frequency. 

ii) UE uses change of PLMN list (P1, P2) to P1 as a trigger to invalidate any CSG split it has for this 

frequency. UE can acquire new CSG split in new cell, if broadcast. 


· Scenario 2: UE mobility from Cell_A (pPLMM=P1, sPLMN=P2) to Cell_B (pPLMN=P1) where 
· PCI split info is available for the UE in Cell_A
· rPLMN of the UE is P2 in Cell_A and P1 in Cell_B.
Vodafone
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1. A UE in a shared cell should somehow have its CSG split from a previous unshared cell invalidated . Either 

the shared Cell broadcasts the correct CSG split for that frequency or it does not broadcast a CSG split. 

When going from Cell X to Cell A, pPLMN changes and when going from Cell A to Cell B, rPLMN changes. 

2. There is a change in PLMN list when going from Cell x to  Cell A and from Cell A to Cell B and this can 

also be used as a trigger
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· Scenario 3:  UE mobility from Cell_A (pPLMM=P1, sPLMN=P2) to Cell_B (pPLMN=P2) where
· PCI split info is available for the UE in Cell_A
· rPLMN of the UE is P2 in both Cells. 
Vodafone
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1. When UE moves from Cell A to Cell B, CSG split in Cell A should be invalidated. In this case, change of 

pPLMN can be used as a trigger. Since rPLMN does not change this cannot be used as a trigger.

2. The Change in PLMN list can also be used as a trigger in this case


LGE: wonder if CellA and Cell B in this scenario cannot use the same PCI split info? Maybe this is the case where option2 and option 4 lead to different UE behaviours.  
· Scenario 4: UE mobility from Cell_A (pPLMM=P1, sPLMN=P2) to Cell_B (pPLMN=P2) where 
· PCI split info is available for the UE in Cell_A
· rPLMN of the UE is P1 in Cell_A and P2 in Cell_B.
Vodafone
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1. In this case both rPLMN and pLMN change and any could be used to trigger UE to invalidate CSG split.

2. There is also a change in the PLMN list of the cell which can be used as a trigger.
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· Scenario 5: UE mobility from Cell_A (pPLMN=P1, sPLMN=P2) to Cell_C(pPLMN=P1, sPLMN=P3) where 
· PCI split info is available for the UE in Cell_A
· rPLMN of the UE is P2 in Cell_A and P3 in Cell_C
· Vodafone
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1.  Since the pPLMN does not change in this case, it cannot be used as a trigger to invalidate the CSG split 

information for that frequency.

2. The rPLMN changes could be an indication that the CSG split previously acquired is invalid. 

3. There is still a change of PLMN list in this scenario and this can be used as a trigger to invalidate CSG split 

previously acquired. 
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· [Further scenario can be added here by companies]
· Scenario 6 (TeliaSonera): UE mobility from Cell_A (pPLMN=P1, sPLMN=P2) to Cell_C(pPLMN=P1, sPLMN=P2) where 
· PCI split info is available for the UE in Cell_A
· rPLMN of the UE is P2 in Cell_A and in Cell_C or P1 in cell_A and Cell_C
Vodafone
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1. A UE in a shared cell should somehow have its CSG split from a previous unshared cell invalidated . Either the shared Cell broadcasts 

the correct CSG split or it does not broadcast a CSG split. Since pPLMN does not change in this scenario, we cannot use pPLMN as a 

trigger to invalidate CSG split. However, since the PLMN list broadcast by the cell is different, this could be a trigger for UE to invalidate 

any previous CSG list. 

2. The shared Cell should use a PCI which is neither in the PLMN P2 CSG split nor in the PLMN P1 CSG split. 

3. When moving from shared cell A to shared cell C, the CSG split does not need to be invalidated if there has not been any change in the 

PLMN list. 
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Note that, when the applicability of PCI split info that was previously received is concerned, there are two mechanisms to determine the applicable scope of PCI split info:   
· UE (in)validation: UE performs checking the validity of PCI split info at new cell based on the applicability of PCI split info specified in the concerned field description
· NW broadcast: NW is responsible for broadcasting proper PCI split info in the concerned cell(s), e.g., the boundary cells in the scenarios above
Note that these two methods should be used in a complemented manner, i.e., when UE-based solution is not working in a certain deployment scenario, it is NW to be responsible for broadcasting the proper PCI info such that UE still apply proper PCI split info. 
Company view
Companies are kindly requested to provide input on how likely/important each scenario is and which requirement should be applied for each scenario. 

· [Company input here]
· TeliaSonera:

· Scenarios 0, 1, 3 and 6 are plausible for TeliaSonera.
· Are scenarios 2 and 4 possible? Isn’t a third PLMN needed in Cell_B?
· Vodafone: All scenarios are relevant
· Deutsche Telekom:

· No need to discuss all these scenarios. PCI/PSC split is valid for the RPLMN on the frequency on which the information has been received for max. 24h. If the RPLMN changes (e.g. due to PLMN selection) all PCI/PSCs have to be considered unless new PCI/PSC split information for that PLMN (new RPLMN) has been received.
· NNNS: We agree with Vodafone that all scenarios are relevant.
· LGE: As a UE vendor, it is hard to say which scenario is not plausible. 
2.4 Options for PLMN scope for applicability of PCI split info
Now we discuss the options for applicability of PCI split info. There are multiple options available on the table. 
Option 1. PCI split info is valid within the same pPLMN

In this option, PCI split information that was received in Cell_A is considered valid in Cell_B only when the pPLMN of the Cell_B is the same as the pPLMN of the Cell_A.
The underlying assumption of option1 seems to be that the owner of shared eNB would be typically pPLMN. For this reason, it is argued that associating PCI split to the pPLMN would make sense. But it was indicated by an operator that this ownership of eNB is not quite relevant to pPLMN in real NW deployment.
Regarding option1, there are some observations in terms of the requirements in section 2.2:
· In scenario 1&2, UE continues to use the previously received PCI split info in Cell_B (unless new split PCI is broadcast in Cell_B), i.e., requirement 1 is mandated by option1. 
· In scenario 0& 3&4, UE can NOT continue to use previously received PCI split info in Cell_B, i.e., requirement 2 is mandated by option1. 
· In scenario 5, UE continues to use the previously received PCI split info in Cell_B (unless new split PCI is broadcast in Cell_B), i.e., i.e., requirement 1 is mandated by option1.
Option 2. PCI split info is valid within the same rPLMN 

In this option, PCI split information that was received in Cell_A is considered valid in Cell_B only when the rPLMM of the UE in cell_B is the same as rPLMN of the UE in Cell_A. 
Regarding option2, there are some observations in terms of the requirements in section 2,2:
· In scenario 1&3, UE continues to use the previously received PCI split info in Cell_B as rPLMN does not change  (unless new split PCI is broadcast in Cell_B), i.e., requirement 1 is mandated by option2. 

· In scenario 0&2&4&5, UE can NOT continue to use previously received PCI split info in Cell_B as rPLMN changes, i.e., requirement 2 is mandated by option2. 

Option 3. No PLMN restriction 
In this option, no PLMN restriction is put on the validity of PCI split info, so only 24h validity is applied on the concerned frequency. 
Underlying assumption of option3 is that even if we do not specify any PLMN restriction for the applicable scope of PCI split info, there is no real trouble in most cases. In case there is truly a possibility of making trouble in some rare scenarios, NW should ensure that UE applies proper PCI split info by broadcasting the proper PCI split info in sufficiently large/concerned area. 
Regarding option3, there are some observations in terms of the requirements in section 2.2:
· In scenario 1-5, UE does not invalidate the previously received PCI split info until new PCI split info is received or 24h validity expiry, i.e., requirement1 is basically mandated by option3. 
Option 4[Vodafone]: PCI split for a given frequency is valid if the cell broadcasts the same PLMN list as the cell in which the PCI split was acquired.
Option 5[NNSN]: PCI split becomes invalid when UE enters Any Cell Selection state.  
UE invalidates its PCI split info when it cannot find any suitable cell to camp on, i.e., entering Any Cell Selection state. 
Note that this option5 can be combined with any options above. According to NNSN, the most benefit of this option5 can be achieved if iOption5 is combined with Option3, since requirement1 and requirement 2 is most fulfilled with this combination
Companies’ observations on options

Companies are kindly requested to provide further observations on each option 

· [Company input here]
· TeliaSonera is fine with option 2 or 3. Option 3 should perhaps be limited to one country, or within the same MCC.
· Vodafone; As described under each scenario above, Option 1 or option 2 does not work in all cases. Option 3 is probably only acceptable for a Green field deployment where sharing operators do not have legacy networks with CSG deployment. 

It is evident that some planning of border cells between shared and unshared regions is required to ensure that UE does not ignore a shared cell. However, there should be no requirement for the operators to have to replan the whole network in terms of CSG split usage when they do RAN sharing. 


For all the scenarios highlighted, one common observation is that UE should always invalidate any CSG split it holds for a given frequency whenever it sees a cell that has a PLMN list which is different from the PLMN list of the cell in which it acquired the stored CSG split. This option is similar to relying on validity for only pPLMN but also addresses the cases where the pLMN remains unchanged when UE moves from an unshared to a shared cell. 
· Deutsche Telekom: Option two. The pPLMN restriction has been introduced in RRC by mistake. 
· NNSN: The split is to our understanding valid on that frequency where it is received. We are not sure if there is really any need to limit applicability of the split to some specific PLMN, although we don’t have very strong view if people think some kind of limitation is needed. But it should be remembered that with or without any limitation to validity UE could be utilizing the split in “incorrect” location especially as some people are thinking the split could change within a PLMN. The drawback of this kind of situation could be that UE cannot find cell to camp on – and for this one needs to ensure the “requirement 2” from this paper (with our revision proposals). 

· NNSN: We think that all the scenarios can be covered with UE not considering split when it cannot find cell to camp on regardless if the split is limited to pPLMN, rPLMN or any PLMN. To us it seems that no limitations to PLMN gives most benefit, and thus we have slight preference not to limit split to any PLMN. In order to avoid using the split when not camped on suitable cell should resolve all the issues in our understanding – i.e. in 36.304 language this would be the state Any Cell Selection.
· QC: there are two major problem with option 3.
The concerned area may not be only the border area. What about the case where a user takes a flight from one country to another country where the operators in the destination country do not deploy any HeNBs, and thus do not broadcast any PCI range? The PCI range is kept and active in 24 hours, and this may prevent the UE from camping on macro cells within the stored PCI range.
The backward compatibility with legacy UEs.  I assume that we are not discussing R8 changes here. Assuming that not all R8 UEs are supporting full CSG feature, the only widely supported CSG related feature is to avoid camping on a CSG cell by checking the PCI split info. The legacy UEs will be based on the current text, which is based on pPLMN. Before we diverge from what is in the spec, we should carefully look into the coexistence issue with the legacy UEs.
· LGE: Fine with option3. i.e., relying on correct network broadcast. If option3 is considered too loose, then option2 and Option 5 are considered good as they provide a mechanism for UE to invalidate PCI split info. 
LGE: Option1 seems against the direction we recently did for other CSG feature, e.g., we removed pPLMN linking from CSG ID and had UE further read secondary PLMNs for membership check to support EPLMN and CSG RAN sharing 
· Sansung: We are a bit surprised by the direction of the discussion. In our understanding the motivation why are discussing this under 4.1 (i.e. Rel-9 and earlier) is that some companies considered the current description to be broken: i.e. the current description could be interpreted to say that in order for the UE to know that it can ignore a cell, it has to check the broadcast of that cell to check whether the primary PLMN is the same as the one where it received the pci range (since the pci range is only valid within one PLMN). This is definitely not the intention since having to read the broadcast of the target csg cell defeats the purpose of having the range in the first place. 
We are open to clarifications of the current text to e.g. add a sentence something like: “While the UE is camping on a cell which pPLMN is the same as the pPLMN of the cell on which it has received csg-PhysCellIdRange within the latest 24 hours, it may assume neighbouring cells of the indicated range to be CSG cells.”
We agree this “not having to read the target broadcast” could be achieved by other means (e.g. by changing to the mechanism to rPLMN or rPLMN+ePLMNs), but we have so far not detected any big drawbacks from the current pPLMN based approach. Note that no solution is perfect: i.e. only when the UE would really check the PLMN or the target cell we can be 100% sure it does not disregard non-csg cells in certain border cases.So is there anything else really broken for Rel-89 ?
· LGE To Samsumg:  The aspect of reading target system information was one of the concern from some companies during the past on/offline discussion but people quickly moved onto bigger issue of ‘when UE should invalidate PCI split info’. In my view, ‘when UE should invalidate PCI split info’ is somewhat separate issue of ‘reading target broadcast’: When UE camps on new serving cell, there are two phases in cell reselection regarding PCI split info: a) it has to determine whether its stored PCI split info is applicable by e.g., checking PLMN condition, b) and then for neighbor cell reselection it applies the PCI split info for reselection if applicable. Since people did not really see the big issue on phase ‘b’, this e-mail discussion was designed to focus on phase ‘a)’ that was extensively discussed during on/offline. In my view, following the recent change on CSG ID where we removed pPLMN linking from CSG ID from Rel-8 would be good approach also for PCI/PSCI split info because operators saw that pPLMN linking was not really conscious, i.e., introduced by mistake. (But totally agreed that backward compatibility issue is the thing we have to seriously consider)
It is noted that expressing company’s preference among options is deferred to the later moment than handling following issues in the subsequent sections. So, section 3 provides the room to express the company preference among options considering all other related issues. 
2.5 Other issue1: concern that UE may not apply a new PCI split info being broadcast by new cell  
During the offline discussion at RAN2#75, one concern was raised that UE may not apply new PCI split info that is being broadcast by new serving cell though. More specifically, the concern came with the argument that current specification does not mandate UE to invalidate the previously received PCI split info, if still considered valid, even while a new PCI split info is being broadcast by a new serving cell. According to the concern, the result is that NW cannot effectively reconfigure PCI split info for the scenarios where PCI split info should be different across area. Following figure illustrates the concerned case. 
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Note that this concern is somewhat related to the requirement2 in section 2.2 from the sense that the concern effectively asks when UE should invalidate its PCI split info. 
Company view
[company view] 
· Vodafone: It is essential that UE invalidates a stored CSG split whenever it is on a cell where the PLMN list is different to the PLMN list of the cell where it acquired the CSG split. 
· Deutsche Telekom: we should assume that the PCI/PSC split information is consistent across the RPLMN. With the discussion here we address a network failure case. Without coordination of PCI/PSC split there will be PCI/PSC confusion not only for CSG cells but also for macro-macro cells in border area. But the case is more severe in case of CSG deployment as CSG cells from PLMNA could be deployed all over the coverage area of PLMNB in case of RAN sharing and in this case only coordination in border area would not be enough. Without alignment of split, CSG cells will result in PSC/PCI confusion between CSG(PLMNA)-CSG(PLMNB) and also between CSG(PLMNA)-Macro(PLMNB). Operators are supposed to align PSC/PCI split setting all over their network.  
· NNSN: If the same PLMN broadcast different PCI split information on different cells / areas then re-selections may not work properly, because the UE may apply invalid PCI split on border area and therefore valid neighbour cells may be barred from re-selection evaluation. But this falls again to this same requirement 2 which should ensure that no invalid split is applied. To us anyway UE should update the split like for normal SIB IEs i.e. whenever UE reads new split it should be updated.
· LGE: UE should update PCI split info whenever it reads newer version of PCI split info. This is normal behavior and so there should be no issue here. 
2.6 Other issue2: at PCI split info invalidation, suspension of using PCI split info vs discarding PCI split info?
The question is that, when UE detects that the previously received PCI split info is invalid due to the (PLMN) reason other than 24h expiry, it is not clear whether UE should 

· 1) discard the PCI split info or

· 2) just suspend the use of PCI split info for a possible future use (e.g., encountering a new serving cell, within 24h validity, whose PLMN condition is sensible for the UE to resume the suspended PCI split info). 
If this is solely left for UE implementation, different UEs may end up with assuming different PCI split info in the same mobility scenarios. 
It is noted that option1 and option2 are affected by the issue2. Option3 is somewhat free from this, because no PLMN restriction is ever applied by option3. 

Company view
· [company view written here]
· Vodafone: In principle UE could suspend usage and only overwrite the CSG split if a new CSG split is received for that frequency. 
· Deutsche Telekom: we assume that a reasonable UE implementation will store the newest received PCI/PSC split information (at least if different to the previously received). As we assume that the PCI/PSC split information is consistent across one operators network, this case will not happen often.
· NNSN: We think that it would be safest to discard the information in order to avoid the cases where invalid PCI split information is applied. Anyway UE will reread the split again when it “camps” on CSG cell. Problem of not discarding is that when UE can reapply the split again? And as the motivation is to avoid unnecessary reselections to CSG cells if this only happens at PLMN border we do not think it would be critical, but ensuring robust mobility. 
For example the problem with suspending occurs in the following scenario:

· Cell A and Cell B are macro cells and belongs to the same PLMN

· Cell A and Cell B broadcasts different PCI split information
· The UE is camping on Cell A and has received PCI split (e.g. PCIs 5 to 10) from Cell A
· The PCI of Cell B is 5
· The UE goes out of coverage area of Cell A and to coverage area of Cell B

· The UE is not able to camp on Cell B, because PCI5 is “barred”
· If UE just invalidates the split and then camps on Cell B, could UE again restart using the split received from cell A? To our understanding not, but the split should be deleted instead until correct split information is received.
· LGE: Discarding the information is simpler from UE implementation perspective and also prevents UE from using PCI split info that is not valid in some unexpected cases. But in principle we are fine with leaving it up to UE implementation. 
2.7 Other issue[#]: [other concern could be raised here]
[In this section, further restriction that can be combined with option1 or option2 can be proposed. For the justification of proposed further restriction, any company proposing the further restriction should highlight what the problem is.]
3 Company’s preference among options

Given that your preference is well justified by your company input in the sections above, please express your preference among options (option1/2/3 or other) below. 

Company preference

· [company preference written here]
· TeliaSonera is fine with option 2 or 3.
· Vodafone prefers option 4
· Deutsche Telekom: only option 2 acceptable.
· NNSN: Option 3 so that requirement 2 (“It should be guaranteed that invalid PCI split info is not applied”) is fulfilled.
· LG: Fine with option2-5. Among the option 2-5, we are ready to follow majority view. Option1 is least preferred because it seems against the direction we recently did for CSG feature, e.g., removing pPLMN linking from CSG ID and further reading secondary PLMNs at membership check to support EPLMN and CSG RAN sharing
· QC: Option 1 is preferred. Some rewording for clarification is fine: “The received csg-PhysCellIdRange applies if less than 24 hours has elapsed since it was received and the UE is camped on a cell of the same primary PLMN where this field was received.”
· Samsung: Option 1 is preferred with some rewording for clarification : “While the UE is camping on a cell which pPLMN is the same as the pPLMN of the cell on which it has received csg-PhysCellIdRange within the latest 24 hours” 
4 Proposed CR

In this section, detailed text for proposed CR is discussed. Any company feeling the need to show can put your proposed CR(s) in the subclause(s) below. 
4.1 CR with Option1 (valid within the same pPLMN)
csg-PhysCellIdRange

Set of physical cell identities reserved for CSG cells on the frequency on which this field was received. The received csg-PhysCellIdRange applies if less than 24 hours has elapsed since it was received and the UE  is camped on a cell of the same primary PLMN where this field was received. The 3 hour validity restriction (section 5.2.1.3) does not apply to this field.
<Just small clarification is made regarding pPLMN validity>

4.2 CR with Option2 (valid within the same rPLMN)
csg-PhysCellIdRange

Set of physical cell identities reserved for CSG cells on the frequency on which this field was received. The received csg-PhysCellIdRange applies if less than 24 hours has elapsed since it was received The csg-PhysCellIdRange shall be discarded if registered PLMN changes. The 3 hour validity restriction (section 5.2.1.3) does not apply to this field.
4.3 CR with Option3 (no PLMN restriction for validity)
csg-PhysCellIdRange

Set of physical cell identities reserved for CSG cells on the frequency on which this field was received. The received csg-PhysCellIdRange applies if less than 24 hours has elapsed since it was received. The 3 hour validity restriction (section 5.2.1.3) does not apply to this field.
4.4 CR with Option4 (valid within the same PLMN list)
csg-PhysCellIdRange

Set of physical cell identities reserved for CSG cells on the frequency on which this field was received. The received csg-PhysCellIdRange applies if less than 24 hours has elapsed since it was received and the servnig cell broadcasts the same PLMN list as the cell in which the PCI split was acquired . The 3 hour validity restriction (section 5.2.1.3) does not apply to this field.
CR with Option5 (no PLMN restriction for validity, becomes invalid when UE cannot find suitable cell )
csg-PhysCellIdRange

Set of physical cell identities reserved for CSG cells on the frequency on which this field was received. The received csg-PhysCellIdRange applies if less than 24 hours has elapsed since it was received. The csg-PhysCellIdRange shall be discarded if the UE enters Any Cell Selection state according to TS 36.304 [4]. The 3 hour validity restriction (section 5.2.1.3) does not apply to this field.
5 Conclusion

A total of seven companies participated (low activity) in the e-mail discussion and discussed the following issues:

Main issue

· Applicable scope of PCI split information
Other issues (related to the main issue)

· Other Issue1: The concern that UE may not apply new PCI split info that is being broadcast by the new serving cell

· Other Issue2: When UE detects that the previously received PCI split info is invalid, it is not clear whether UE should discard the PCI split info or just suspend using the PCI split info. 

The outcome of the e-mail discussion is summarized:

Main issue: 
· TWO companies prefer to keeping pPLMN validity as it is.
· Other FIVE companies want to remove the pPLMN linking or replace the pPLMN validity with others, rPLMN or PLMN list or one RRC_IDLE substate (Any Cell Selection state)
· Although there is no unified consensus reached during e-mail discussion, majority view seems to indicate the following direction. Even though companies see the need of change, we should be very careful about backward compatibility issue as PCI/PSC split-related functionality is mandatory feature for both CSG and non-CSG UEs.  
· Tentative conclusion: Current PCI/PSC validity tied to pPLMN may need to be reconsidered/changed. Backward compatibility issue should be very carefully considered.
Other Issue1
· No company expressed different opinion other than the following conclusion. 

· Tentative conclusion: It is apparent that UE should always apply newly received PCI split info. So there’s no issue, and no change/clarification is needed for this aspect
Other Issue2

· No strong opinion to mandate UE to discard the stored PCI split info when UE invalidates PCI split info. (unless NNSN is against this) 

· At least suspending the use of PCI split info when UE invalidates the stored PCI split info could be UE implementation option. 
· Tentative conclusion: leave it up to UE implementation. No change is needed for this asepct
CR preparation

If some further consensus is made on options on the table, the CR to TS 36331 (R8) and TS 25.331 (R8) are provided in [8][9] respectively. CR for other release will be provided when necessary. 
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1. Planning should ensure that shared cell broadcast a PCI split that does not prevent UE to reselect to a cell of either PLMN P1 or PLMN P2. When UE moves to unshared cell P1, the shared cell CSG split for that frequency should be invalidated. Two options exist:

i) Cell B brodcasts new PCI split valid for that frequency  which overides any previous CSG split for that frequency. 

ii) UE uses change of PLMN list (P1, P2) to P1 as a trigger to invalidate any CSG split it has for this frequency. UE can acquire new CSG split in new cell, if broadcast. 
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1. When UE moves from Cell A to Cell B, CSG split in Cell A should be invalidated. In this case, change of pPLMN can be used as a trigger. Since rPLMN does not change this cannot be used as a trigger.

2. The Change in PLMN list can also be used as a trigger in this case



_1378203256.vsd
7


CSG split (4,5,6)


PLMN =P1, P2


PLMN =P1


UE : CSG split (4,5,6)
rPLMN = P2
pPLMN = P2


UE : CSG split (4,5,6)
rPLMN = P2
pPLMN = P1


A


B


5



1. A UE in a shared cell should somehow have its CSG split from a previous unshared cell invalidated . Either the shared Cell broadcasts the correct CSG split for that frequency or it does not broadcast a CSG split. When going from Cell X to Cell A, pPLMN changes and when going from Cell A to Cell B, rPLMN changes. 

2. There is a change in PLMN list when going from Cell x to  Cell A and from Cell A to Cell B and this can also be used as a trigger
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1.  Since the pPLMN does not change in this case, it cannot be used as a trigger to invalidate the CSG split information for that frequency.

2. The rPLMN changes could be an indication that the CSG split previously acquired is invalid. 

3. There is still a change of PLMN list in this scenario and this can be used as a trigger to invalidate CSG split previously acquired. 
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1. In this case both rPLMN and pLMN change and any could be used to trigger UE to invalidate CSG split.

2. There is also a change in the PLMN list of the cell which can be used as a trigger.



UE : CSG split (4,5,6)
rPLMN = P2
pPLMN = P2



_1378199054.vsd
7


CSG split (3)


1


PLMN = P2


PLMN =P1, P2


PLMN =P1,P2


Y


CSG split (3,5,6)


UE : CSG split (1,2,3)
rPLMN = P1
pPLMN = P1


UE : CSG split (1,2,3)
New CSG split (3)
rPLMN = P2
pPLMN = P1


CSG split (3)


A


C


8


1. A UE in a shared cell should somehow have its CSG split from a previous unshared cell invalidated . Either the shared Cell broadcasts the correct CSG split or it does not broadcast a CSG split. Since pPLMN does not change in this scenario, we cannot use pPLMN as a trigger to invalidate CSG split. However, since the PLMN list broadcast by the cell is different, this could be a trigger for UE to invalidate any previous CSG list. 

2. The shared Cell should use a PCI which is neither in the PLMN P2 CSG split nor in the PLMN P1 CSG split. 

3. When moving from shared cell A to shared cell C, the CSG split does not need to be invalidated if there has not been any change in the PLMN list. 
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1. If operators P1 and P2 want to do ‘frequency sharing’, one operator has to ensure that the border cell does not use a PCI which is in the PCI split for the other operator. 
2. Border Cell B can only broadcast a PCI split  which contains PCIs in BOTH CSG split for PLMN P1 AND PLMN P2. Another option is Cell does not broadcast a PCI split. 
3. It is important that whilst in Cell B, UE does NOT consider CSG split for Cell A as valid. In this scenario, since both rpLMN and pPLMN change, either could be used to invalidate the PCI split.
4. When UE moves to Cell C, it will acquire the PSC split for P2 which is OK to use whilst deep inside P2 PLMN. 

Conclusion 1: Border Cell Planning is required by operators wishing to share a frequency so that the border cells do not use a PCI which is in the CSG PCI split used by either PLMN.

Conclusion 2: Either change of rPLMN or PLMN can be used to invalidate Cell A PCI split. This avoids the need for cell B to mandatorily broadcast a PCI split which is intersection of P1 and P2 PCI split which would overide P1 CSG PCI split in that cell. However, there should be no need to change PCI split when deep inside P2. 
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