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1 Introduction
This email discussion intends to focus on the following two important open issues regarding hybrid cells:

1. Identification of hybrid cells without reading SIBs 
a. For eg: by using PSC/PCI split for hybrid cells, hybrid cell indicator in the MIB
2. Unnecessary UE reselections & registrations to hybrid/open cells

Each of these issues is discussed in detail in Section 2 & 3 of this document respectively.

The summary of this discussion on these issues and the way forward is as follows:
1.1 Issue 1: Identification of hybrid cells without reading SIBs 

15 companies provided their comments on this issue, out of which, 10 companies felt that a mechanism to identify hybrid cells without reading SIBs is required and 5 companies felt that it’s not required. Most of the supporting companies for such a mechanism had the following main arguments:

1. Efficient Autonomous Search: The UE autonomously searching for its member hybrid cell should avoid reading SIBs from every macro cell that it encounters. Since PSC/PCI of a hybrid cell may change and the fingerprint of the UE could be coarse, remembering a single PSC/PCI value of member hybrid cell for this purpose is not reliable.

2. Consistent UE Implementation & Search Performance of Release 8 and Release 9 CSG UEs. It is already agreed that a Release 8 UE can use PSC/PCI split for CSG cells to assist its search function.  Since a member hybrid cell is accessed by the UE as a CSG cell, PSC/PCI split for hybrid cells is required for consistent implementation & performance of UE’s search function.

Also, among the listed options, PSC/PCI split for hybrid cells was considered to be the preferred option by most of the supporting companies for identification of hybrid cells without reading SIBs. For UMTS, hybrid indicator in MIB was also supported by a company.

The companies that felt a mechanism to identify hybrid cells without SIB reading is not required had the following main arguments:

1. UE could store a PSC/PCI of its prior visited member hybrid cell in its fingerprint.  Thus, while autonomously searching for its member hybrid cell, the UE can avoid reading SIBs of the encountered macro cells by reading the SIBs of a cell only when the PSC/PCI of the searched cell matches the stored PSC/PCI in the fingerprint.

2. In many scenarios, the hybrid cell could be found by normal search and reselection rules. For example, if the hybrid cell is on a higher priority frequency or the serving frequency

Thus, the discussion narrowed down to the following main scenarios where identification of hybrid cells without reading SIBs could be useful for UE’s autonomous search:

1. Scenario-1: Prior unvisited member hybrid cell on lower or equal priority frequency

a. For example, in case of enterprise/campus deployment where it’s likely that many UEs wouldn’t have visited every cell efore.

2. Scenario-2: Prior visited member hybrid cell on lower or equal priority frequency, where the cell has changed PSC/PCI since the prior visit
a. Can happen due to power on/off of H(e)NB and change in RF conditions

b. Can happen more often in UMTS mixed carrier deployments since the assumption is that only a few PSCs would reserved for HNBs (about 4 to 8 PSCs). This increases PSC resuse and hence, the possibility of neighboring HNBs picking up the same PSC.

As a way forward, it is proposed that RAN2 should discuss the following questions and make a decision on this issue:

1. How important is Scenario-1? Should a UE implementation which supports such a scenario be not considered? 

2. What is the possibility of Scenario-2? If Scenatio-2 is possible, then what is the expected UE behavior in such a case?

3. How important is the consistency between R9 and R8 UE search function implementation and performance for CSG cells (hybrid or closed), considering that  a R8 UE implementation based on PSC/PCI split for CSG cells  could consider the above two scenarios?

If Scenario-1 is considered important and/or Scenario-2 is considered possible and/or consistency between R8 & R9 UE search function implementation and performance is considered important, then for the UE implementation that works in both the scenarios, it is proposed that a mechanism to identity hybrid cells without reading SIBs should be adopted (view supported by majority of companies in this email discussion).

1.2 Issue-2: Unnecessary UE reselections & registrations to hybrid/open cells

This issue received less participation from the companies (i.e., only 4 companies) in comparison to the other issue. One of the companies felt that this is a general issue for UE reselection to small cells and there is a need to investigate hybrid cell specific cell reselection parameters, especially for LTE, to avoid unnecessary UE reselections and at the same time, avoid UE from losing coverage. The other three companies, however, think that there is no problem to be solved. 

2 Issue-1: Identification of hybrid cells without reading SIBs
This issue was also discussed in RAN2#66bis [1] but no clear agreement was reached. Hence, this email discussion plans to discuss this topic further in order to reach to some conclusion.
The discussion on this issue is organized as follows. Section 2.1 discusses the usefulness/need of such a mechanism and Section 2.2 compares the possible mechanisms.

2.1 Usefulness 

The following arguments were made in RAN2#66bis regarding the usefulness of a mechanism for the UE to identify hybrid cells without reading SIBs:
	Arguments
	For(+)/

Against

(-)
	Details

	Autonomous Search
	(+)
	· The member UEs read SIBs only of hybrid cells and avoid reading SIBs of every macro cell encountered. This helps in saving UE battery and reduces the delay in H(e)NB discovery

	
	(-)
	· UEs can use fingerprint to restrict autonomous search to a limited area and hence, minimize SIB reading 


	Manual Search
	(+)
	· The time required to do the manual search of hybrid cells is reduced (since the UE ignores SIB reading of macro cells) especially if the UE is trying to search for more than one cell on each frequency. This is desirable for better user experience.

	
	(-)
	· Manual search may not happen very often and hence, there is no need to optimize it.

	Consistent UE Implementation & Search Performance
	(+)
	· Allows consistent implementation and behavior of UE’s search function in Rel-8 & Rel-9 since such a mechanism for CSG cells already exists. Please see the list of agreements made in Release 8 regarding UE’s search function of CSG cells below this table. It is expected that the search performance of a CSG UE towards an allowed CSG cell (whether closed or hybrid) should be the same.

	Connected Mode Inbound Handover


	(+)
	· It is already understood that operator would have to reserve a set of PSCs/PCIs for hybrid cells on the network side to distinguish macro from hybrid cells [2]. 
· UE awareness of this split is important if proactive reading of neighbor MIB/SIB by the UE to help resolve PSC/PCI confusion for hybrid cells, is desired. Such a behavior could be controlled by the network.

	
	(-)
	· Network side awareness is ok but since the design of inbound mobility is not finalized, it’s not clear what UE awareness will buy.


During the meeting, “Autonomous search” and “Consistent UE Implementation & Search Performance” arguments were debated much more than the rest. For consistency argument, we list the following related agreements made in Rel-8 that are already captured in the specifications:

Agreements made for the PSC/PCI split for CSG cells (a mechanism to identify CSG cells without reading the SIBs) in Release 8:

· “To assist the search function on mixed carriers, all CSG cells on mixed carriers broadcast in system information a range of PCI values reserved by the network for use by CSG cells.” [3]
· “The UE may use the reserved PSC information for CSG cell search and (re)selection purposes, according to UE’s implementation” [4]

The above agreements indicate that the UE implementation may use PSC/PCI split for CSG cells to assist its search function. 

For UMTS, agreed “CSG Indicator” in MIB [5] is another mechanism to identify CSG cells without reading the SIBs.

Now, based on the above arguments or any other arguments not listed, companies are requested to answer the following question:
Question 2.1.1: Is there any benefit in allowing UE to identify the target cell as a hybrid cell without reading its SIBs?
	Company
	Benefit? (Yes/No) 
	Comments

	Qualcomm
	Yes
	· SIB reading has delay and battery cost associated with it

· Agree with the arguments in favor of autonomous search, manual search and consistent UE Implementation 
· Autonomous search is left to UE implementation by the standards and it may or may not rely on any fingerprint. Also, the UE fingerprint area of a CSG/hybrid cell can be quite coarse. In such a case, it would be useful to avoid unnecessary SIB reading.  

· In order to allow same implementation of autonomous/manual search function in Rel-8 & Rel-9 UEs, it is important to carry on the agreements made in Rel-8 for CSG cells to the hybrid CSG cells in Rel-9. 

· We agree with Vodafone on their comments regarding the usefulness of a mechanim to identify hybrid cell without reading SIBs. We believe that a number of assumptions were made in Motorola’s description that are not practical in many cases. 

2. Assumption that UE fingerprint of a prior visited member hybrid cell contains the exact PCI or PSC of the hybrid cell. 

This doesn’t always work for mixed carrier deployments. As Vodafone mentioned, the assumption is violated in case the PSC/PCI of the H(e)NB changes since the time of the UE’s previous visit. Such PSC/PCI changes may be due to power on/off of the H(e)NB. In UMTS mixed carrier deployment, the assumption is that only a few PSCs (4 to 8) are reserved for HNB use. This makes the PSC reuse among HNBs very high. Therefore, it is quite likely that a HNB will pick up a different PSC at every time it powers up (to reduce conflict with a neighboring HNB for example). Moreover, in LTE, HeNBs can change their PCI due to ANR, SON, etc. when the RF neighborhood changes. Hence, when the fingerprint (or other autonomous search trigger) is positive, the UE has to search for best cells on possible frequencies for hybrid and CSG cells and cannot just rely the one stored PSC/PCI. Knowledge of the PSC/PCI split helps the UE avoid reading SIBs of macro cells, thereby saving battery life. 

3. Assumption that the UE will do measurements for its hybrid cell that is on a lower or equal priority frequency only when the fingerprint matches.

The UE is required to do “autonomous search” based on its implementation to find its own hybrid/CSG cell. There is no specific trigger specified for autonomous search in the standards. So, this search can be triggered in a number of ways including the ones based on:

a) some form of fingerprint 

b) periodic timer or 

c) a combination of both (i.e., more aggressive search in the fingerprint zone and less aggressive search otherwise)

In the implementations (b) & (c), hybrid PSC/PCI split would also be useful since the UE (at least for some part) is searching for its hybrid cell at some periodicity, and can ignore macro cells during such searches. Since this periodic search can happen not so frequently and could be made dependent on some form of coarse fingerprint, we don’t agree that such implementations lead to “bad battery drain scenarios”. 

Regarding the question on whether the UE should search for a prior unvisited hybrid cell on an equal or lower priority frequency, we believe that since the autonomous search has been left to UE implementation, the UE can choose to do so if it wants. This is (as mentioned by Vodafone) useful for campus deployments where many cells over a distributed area share the same CSG ID. This is clearly one case when the remembering of one PCI/PSC will not be feasible

	Ericsson, ST-Ericsson
	Yes
	In case the Hybrid cell is indicated in NCL in UMTS there is no need. If Hybrid cells is not indicated in NCL in UMTS, an indication is usefull (Hybrid indicator in MIB is preferred).

For LTE we see a purpose (battery saving for UEs with non-empty CSG list, synergy with UE implementation Rel-8 CSG search) to have a PCI split to search for Hybrid cells for member UEs if the UE is required to have preferential reselection to hybrid cells.
Understanding regarding the presence of hybrid cells in Neighbour Cell List: 

In case the Hybrid cell is included in the Macro NCL, a non-member UE re-selects to that cell as a normal Macro cell. However a member UE would re-select to such a cell with "preference", i.e. like a CSG cell.

 In case the Hybrid cell is not included in Macro NCL, a non-member UE would not re-select to that cell, but only select the Hybrid cell through cell selection (e.g. coverage extension use case). 

 It could not be agreed that Hybrid cells are always included in the Macro NCL (i.e. they may or may not be included)

	LGE
	Yes
	· Currently we do not underestimate the usefulness of the mechanism for identification of hybrid cells without reading SIB. 

· When it comes to autonomous search, the usefulness can be described as follows: were it not for such identification, UE needs to read every best ranked cell on each frequency since one of the best ranked cells may be CSG cell. (Note that UE shall reselect the best ranked CSG cell regardless of frequency priority) On the contrary, if such identification mechanism is available to UE, then the UE can apriori exclude from reselection candidates some best ranked cells having equal or lower priority if UE decides from the mechanism that they cannot be CSG cells. This benefit would not be marginal if several frequencies are deployed and autonomous functions are working often, 
· To elaborate the usefulness of PCI/PSC split info for hybrid cells in cell reselection, let us think of the case that there are several frequencies whose priorities are equal or lower than the serving frequency. 

If autonomous search needs to be also applied for those frequencies (this seems to have been our assumption so far), UE with list of CSG IDs shall measure and list up the best ranked cell on each frequency among those frequencies. Then,

· Approach1. Were it not for the PCI split info, UE *HAS* to read SIB of EVERY best ranked cells on those frequencies in order to find a CSG cell on those frequencies. 

· Approach2. If split info is available, UE does not have to read SIB of every best ranked cell. UE can remove some best ranked cells from the real reselection candidates if those cells are out of PCI range for hybrid cells. 

· Approach 1 must put a huge burden and be a disaster in battery consumption to CSG UE, but approach2 relieves the burden and battery consumption. So we have been thinking case 2 to be more reasonable.

	Samsung
	Yes
	Agree with QC’s comment in general. We are not sure how well the fingerprint will work. PCI split seems more robust method.

Also we still believe that PCI split will be required for inbound mobility to hybrid cells though it’s not finalized yet.

	Huawei
	Yes
	We agree with Qualcomm. There is benefit. However, how big this benefit is not clear to us and we think that UE vendors should show that the benefits are significant. We also think that the Hybrid information may not be available so the UE will have to operate without the information in any case. 

	Telecom Italia
	Yes
	We agree with Qualcomm comments. 

	Motorola
	Needs further discussion
	As discussed in the meeting, we don’t think this is useful for manual search (occurs relatively infrequently) and is not needed for inbound handover (eNB knows the hybrid cell PCI set).

The rest of this comment focuses on autonomous search. Reselection to a hybrid cell should be like reselection to a macro cell (except when the hybrid cell is on a different frequency and UE is a member of the hybrid cell CSG - we will discuss this more below).

We think that based on the reselection rules defined in release 8, UE will reselect to a hybrid cell correctly if the hybrid cell is on the serving frequency or another frequency with a higher priority (even if the UE is a member of the hybrid cell). If the hybrid cell is on the serving frequency, UE reselects when the hybrid cell becomes the best cell. If the hybrid cell is on a higher priority freq, UE finds hybrid cell because it is looking for it and reselects to it when it is the best cell on that frequency.

The case where the hybrid cell is on a equal or lower priority frequency needs some further consideration. Even in this scenario, when the UE is not a member of the hybrid cell, UE will behave correctly (in the equal priority case, UE ranks across all equal priority layers and picks best cell, and in the lower priority case, UE stays on the higher priority frequency).

Consider the case where the UE is a member of the hybrid cell and the hybrid cell is on a lower prioirty freq (f2) than the serving freq (f1). In this case the reselection behaviour should be as if the hybrid cell is an allowed CSG cell for the UE; that is, the UE is expected to treat the CSG cell as the highest priority and reselect to it. However, even in this case, UE's knowing a hybrid cell PCI range for f2 does not seem to help. UE may not search for cells on f2 because it is on the higher priority frequency f1 without a trigger.

In order to make the UE search cells on f2 and find the UE's hybrid cell, some form of fingerprint is needed. UE can search cells when the fingerprint matches. Furthermore, if the UE detects a cell that matches a PCID stored with its fingerprint, it can read system information of that cell to determine if it is indeed its allowed hybrid cell and hence should be treated as highest priority.

Even in the case where the UE's hybrid cell is on an equal priority frequency, UE will detect its hybrid cell (UE is required to rank cells on equal priority layers). If there is a PCID match and a fingerprint match, UE can read system information.

The remaining case is where the UE's hybrid cell is on an equal or lower priority frequency and the UE does not have a fingerprint (previously unvisited cell). This is the case where there can be a potential benefit - UE can avoid reading SIBs of macro cells if the intention is to look for previously unvisited hybrid cells that are on a lower or equal prioity freq.

Do other companies agree with our understanding? It would be useful to hear operator opinions on the importance of this case.

	Vodafone
	Yes
	If a UE is a member of a hybrid cell, it is expected that the CSG UE should be able to do manual/autonomous search whilst maintaining good battery performance. If the CSG UE has no ability to differentiate between macrocell and hybrid cell, we assume the CSG UE battery performance would degrade as a result of unnecessarily having to checking system information of macrocells (whilst searching for its CSG cell). 
 Regarding Motorola’s comments:

If the hybrid cell of which UE is a member is on a lower priority layer and the serving cell quality is good, then autonomous search is used for UE to find the hybrid cell. The issue is that the autonomous search function would have to consider all macrocells on the lower priority layer as potential hybrid cells (as it does not know whether the detected cell is macro or hybrid) and this would degrade the battery performance of the UE. The fingerprint information only provides UE with a trigger of when to start searching. However, UE has to search the whole macrocell PSC space and identify which of those are hybrid cells + which hybrid cell is an allowed cell for the UE. Since PSCs are likely to change, UE cannot always rely on previously acquired macro PSC information for identifying an allowed hybrid cell. Moreover, hybrid cells are likely to be deployed in enterprise/campus scenarios where it is likely that many UEs would not have visited the cell before. 



	Deutsche Telekom
	No
	The gain in manual search through PSC/PCI split in negligible and does not justify the effort to optimize it.
(Also considering the the fact that manual search is occasionally done). 
 

Also for inbound mobility we agree with Motorola that the awareness at the network side is enough and it is not clear to us what the benefit of UE awareness on PCI split is.
 

We also believe in intra frequency case and inter frequency with hybrid cell on higher priority layer, the UE will select the Hybrid cell 
correctly with normal cell reselection rules.
 

We believe that the search function must rely on fingerprint information and in case the search function is triggered by fingerprint the UE can simply read the SIB of cells matching the stored PCID. In this case we do not see any benefit of PCI/PSC split for hybrid cells.
If the search function is triggered periodically or done continuously, this will certainly result bad battery usage so optimizing search using PCI/PSC split will have only marginal benefit in this bad battery drain scenario.
In mass deployment case of hybrid cells in case autonomous search is triggered the number of macro cells (maybe average 3-4) the UE can detect will be much less than hybrid/CSG cells, so the optimization through PCI/PSC split in this case again can not be justified.
 

Concerning the question of Motorola :
 

Do other companies agree with our understanding? It would be useful to hear operator opinions on the importance of this case.
 
In case where the UE's hybrid cell is on an equal or lower priority frequency and the UE does not have a fingerprint (previously unvisited cell), the question is what will trigger the UE to find the hybrid cell (which the UE is member of). We again believe that it is fully acceptable, in such case UE run first a manual search and after fingerprint information is stored the case will be solved. We do not see the necessity of PCI/PSC split here again.



	CATT
	Yes
	It has been agreed in R8 that when UE uses autonomous search to find CSG cell, it could camp on the cell which meets the criteria without considering priority factors between different frequencies. A hybrid cell is a cell that can be identified as a CSG cell for member UEs and as a macro cell for other UEs. So in our understanding, hybrid cells should support autonomous search as CSG cells if the CSG ID of the cell is in the UE’s allowed CSG list. During autonomous search, allowing UE to identify the target hybrid cell without reading SIBs can reduce the time delay and have consistent UE implementation as close mode CSG cells.

	Nokia, NSN
	no
	The benefit from PSC/PCI split knowledge at the UE is, at best, extremely limited. 

If the UE has previously visited the cell and is a member of the CSG, then it already has stored information about the cell (fingerprint information), so PSC/PCI split information is not useful. 
In other cases, UE can access the cells via normal reselection rules or by manual CSG selection, as explained by Motorola and Deutsche Telecom.



	DOCOMO
	No
	We fully agree with Deutsche Telecom, Motorola, Nokia and NSN.

In order to make cell reselection to a hybrid (member) cell, the cell first has to become the highest ranked, regardless of whether the cell was on higher, equal or lower priority layer. Only then the UE will read SIBs. Given this condition and the fingerprint, the battery saving gain by the PSC/ PCI split information seems to be very limited.

A hybrid cell is open to all UEs in the PLMN, and hence, we assume that such a cell will always be up and running. That is, it does not shutdown on a daily basis nor change its PCI. Hence, if the UE has a fingerprint for a hybrid (member) cell, the fingerprint should be valid.
If the UE has not visited a hybrid (member) cell on a lower priority layer, how does the UE know if such a cell exists on this lower priority layer in the first place? How can the UE decide which lower layers to measure? It seems this case does not work unless the UE looks for all lower layers periodically all the time, and since such an implementation seems to be doubtful, we would assume that this case needs to be handled by manual CSG selection.

	InterDigital
	Yes
	It appears that at least some implementations of autonomous search would benefit from knowledge of whether the cell is a hybrid cell without reading the SIBs, even though some others would not. 
Specifically, there would be a benefit for an implementation that occasionally checks for previously unvisited hybrid cells which the UE may be a member of. Such an implementation would not need to read the SIBs of cells that are the highest ranked on their frequencies if they are not identified as hybrid cells.
One could argue that the manual search function is supposed to handle the unvisited hybrid cell use case. However, the user experience could potentially be better if the autonomous search function can do this as well. In addition, the cost of providing the required information appears to be small. Therefore we have a preference for providing the information to the UE.



2.2 Mechanisms

Below we list the mechanisms that can be used to allow UE to identify hybrid cell without reading its SIBs. Companies that favor such a mechanism can indicate their choice in the table below (Question 2.2.1).
2.2.1 
PSC/PCI split for hybrid cells (for both LTE & UMTS) [6]:

Description

A network that supports hybrid cells reserves a subset of PCIs/PSCs for hybrid cells from the set available for macrocells and broadcast this information to the UE. 
Design for the broadcast, scope and validity of this split can be similar to CSG PSC/PCI split for CSG cells.
2.2.2 
Hybrid Indicator in MIB (for UMTS only)[7]:

Description

A new Hybrid Indicator, similar to the existing CSG Indicator, is introduced in the MIB. When present the Hybrid Indicator indicates a Hybrid cell. 

2.2.3 
Indication in Neighbor Cell List (for UMTS only):

Description

Assumes that all intra-frequency and inter-frequency hybrid cells are listed in Neighbor Cell List (NCL)

A new indication is introduced to convey which cells in the NCL are hybrid cells.

Question 2.2.1: If your answer to Q2.1.1 is yes, please indicate which mechanism listed above is your preferred mechanism?Also, if you prefer PSC/PCI split option or indication in NCL option, please indicate which entity should broadcast this information and whether it should be mandatory or optional broadcast?
	Company
	Preferred Mechanism
	Comments (Why do you prefer it?)

	Qualcomm
	PSC/PCI split for hybrid cells
	· Allows identification of hybrid cells at the physical layer and doesn’t require reading of MIB. Thus, is more efficient than “hybrid indicator” in MIB

· Common mechanism for both UMTS & LTE  

· We would prefer broadcast of PSC/PCI split information to be optional from macros cells and mandatory from hybrid cells. However, we are also fine with having optional broadcast of this information from both hybrid and macro cells.

	Ericsson, ST-Ericsson
	PSC split for hybrid cells (LTE) 
Hybrid cell indicator (UMTS)
	- commonality for implementation of Rel-8 CSG and Rel-9 Hybrid autonomous and manual search functions
- Hybrid Cell Indicator mandatory for Hybrid cells (UMTS only)
- We would prefer to have PCI split information mandatory in Hybrid cells, and optional in Macro cells

- Hybrid Cell Indicator is preferred over PSC split information for the following reasons:

    + PSC split information expires after 24 h, i.e. every Monday, return from travel, etc the UE starts blind again.

    + The PSC split information applies to a certain frequency, i.e. in a multi-carrier deployment the information on other frequencies may have expired
    + Macro cell is not likely to transmit PSC split info

    + Dependent on the outcome of the mandatory/optional discussion for PCS split for Hybrid cells, the information may not be available

	LGE
	PSC/PCI split for hybrid cells
	· PSC/PCI split information for hybrid cells enables proactive 

· Regarding Hybrid cell indicator SIB, we would like to know why PSC/PCI split info is not sufficient especially for UMTS. With this hybrid cell indicator, UE needs to read the indicator every time it encountered a cell to check if it is hybrid cell or not. In case of PSC/PCI split info, *once* it is read, it continues to be applied within validity scope. 

	Samsung
	PSC/PCI split for hybrid cells
	Design for the broadcast, scope and validity of this information can be same as CSG PSC/PCI split for CSG cells. I.e., the broadcast of PSC/PCI split can be mandatory in hybrid cells and optional in normal macro cells. It can be valid 24 hours for the frequency and PLMN-wide.

	Huawei
	PSC/PCI split for Hybrid cells
	Split is sent mandatory only from Hybrid cells.

UTRA Macro cells will include the Hybrid cells in the NCL by default but the macro does not necessarily know that they are hybrid.

	Telecom Italia
	PSC/PCI split for Hybrid cells
	It allows for acquiring the information early, at physical layer, and represents a solution aligned with what we already have specified for CSG cells. 

The broadcast of PSC/PCI split information has to be optional from macro cells and mandatory from hybrid cells.

	Vodafone
	No preference
	We think there is a benefit for CSG UEs to be able to differentiate between macrocells and hybrid cells on other carriers without having to read the system information for the purposes of autonomous/manual search of their CSG cell. However, UE vendors are in a better position to decide on which mechanism is more appropriate. 

	CATT
	PSC/PCI split for Hybrid cells
	We agree with QC to use common mechanism for both UMTS & LTE. A new Hybrid Indicator introduced in the MIB would increase the size of the MIB, and we think PSC/PCI split for Hybrid cells is efficient and enough. Although PCI range for CSG cell is mandatory only for CSG cell in R8 and in macro cells it is optional, if UE is in a macro cell of a mixed carrier without broadcasting PCI range, UE has to read system information of the target cell to know if it is a CSG/hybrid cell, and in this case the PSC/PCI split is no use. So would it better to send PCI range mandatory in mixed carrier for all cells?

	InterDigital
	PSC/PCI split for hybrid cells
	We prefer to have a PSC/PCI split for both LTE and UMTS. A PSC split relieves the UE from having to read the MIB of every cell.
The PSC/PCI split could be optional in macro cells.


3 Issue-2: Unnecessary UE reselections & registrations to hybrid/open cells
This issue (discussed in [8],[9]) is briefly explained below.

H(e)NBs have a smaller coverage area and hence, in a high density or clustered deployment, a pedestrian or a slow moving vehicular UE may detect many H(e)NBs for a relatively short period of time. This can cause a UE to perform cell reselection to these H(e)NBs if ([10] and [11]):

1. the UE is allowed to access the H(e)NB, and,

2. the H(e)NB becomes higher ranked than the serving cell during the time interval Treselection 

Since hybrid and open H(e)NBs allow access to all UEs, the first criterion is always met for their deployments. Also, since Treselection is typically set to a small value for macro cells, such as 1 or 2 sec, the second criterion is likely to be met even when the H(e)NBs are visible for a short period of time. Thus, a UE may perform unnecessary reselections and possibly, LA/TA updates to these H(e)NBs. This behavior may not be desirable from UE standby time and network registration load perspective.

Moreover, these frequent reselections to H(e)NBs can cause the UE to misinterpret its mobility state as high mobility state. As a result of this misinterpretation, Treselection , if set to a value greater than 1 sec, will be scaled or shortened, leading to even more frequent cell reselections/registrations to H(e)NBs. Thus, impact on UE battery life and network registration load will be worsened. 
Since so far this topic hasn’t been discussed online in RAN2 meeting due to lack time, the feedback on the above issue from the companies is requested:

Table 3.1: Issue of unnecessary reselections and registrations by the UE to hybrid/open cells

	Company
	Views/Comments

	Huawei
	We think that this is not a problem there are existing methods to avoid this in the standard.

	Vodafone
	This seems to be a general issue for UE reselection to small cells. On the one hand we want to set the reselection parameters in such a way that ping pong between macrocell and such cells is avoided. On the other hand we also need to consider the need for a UE to go to the cell when it is losing coverage on the macro. 

In UMTS we may be able to use HCS parameters to solve this problem. However, for LTE, no such mechanism exists. In our view, the need for hybrid cell specific cell reselection parameters should be investigated

The choice of such parameters should consider the need to avoid unnecessary reselections and the need for UE to avoid losing coverage. 

 

	Nokia, NSN
	We do not think that there is a problem to solve.

	DOCOMO
	We do not think that there is a problem to solve.
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