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1 Introduction
At RAN2#68bis it was agreed that at handover, the proximity indication configuration is passed to the target cell. The handling of proximity indication status was left as FFS and for discussion in this email discussion. 
The following is the scope of the email discussion as captured by the chairman:


2 Discussion
Option 1: Proximity status indication is repeated by the UE after handover

Upon handover, UE resends the proximity indication if the proximity is still valid (and the proximity reporting is still enabled).

Pro: Avoids any state mismatch between UE and network after handover (more discussion below on potential state mismatch)

Con: Adds air interface signalling, relevant UE procedures and specification (including possibly rules on when UE can re-send the proximity indications).

Option 2: Proximity status indication is transferred in the network

The proximity status indication is sent in the handover preparation information from the source (e)NB to the target (e)NB.

Pro: No additional air interface signalling; and given that the proximity configuration has to be transferred from the source to the target, this could be a straightforward extension.

Con: Can introduce a potential state mismatch at handover if the proximity indication is received at the source (e)NB after the source (e)NB has started handover preparation and before the handover command is transmitted to the UE (more discussion below on the potential state mismatch).

Potential State mismatch

The figure below illustrates the potential state mismatch that can occur if the proximity status indication is transferred from the source (e)NB to the target (e)NB in the handover request.
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If the state mismatch occurs, the possible consequences are:

· For H(e)NB on a different frequency than the target (e)NB: The target (e)NB may not configure appropriate inter-frequency measurements to detect the H(e)NB and inter-frequency handover to the H(e)NB may not occur.

· For H(e)NB on the same frequency as the target (e)NB: The target (e)NB may not request the UE to read system information of the H(e)NB and handover to the H(e)NB may not occur. Note: this problem is specific to CSG cells as UE will be asked to report SI of hybrid cells anyway. Furthermore, an (e)NB implementation may be able to overcome this by asking the UE to report SI of CSG cells when the CSG cell is the best cell.
The first question that needs to be answered is whether we think the state mismatch problem needs to be addressed.

Then, if option 1 is chosen, the following additional details need to be discussed:

1. Does the UE simply re-transmit the proximity indication message to the target after handover? If so should there be timing requirements?

2. Does the UE re-transmit the proximity indication message regardless of the type of the target cell (i.e., CSG, hybrid cell or normal cell)?

3. The target cell does not know which measurement objects are configured in the source cell based on a proximity indication (the measurement configuration and the proximity configuration are transferred to the target; however the proximity configuration only indicates whether proximity reporting is enabled/disabled per RAT). So how does target cell determine which measurement objects need to be reconfigured? Does target cell wait until UE resends proximity indication message?

If option 2 is chosen, the following additional details need to be discussed:

1. Does the potential state mismatch problem need to be addressed?

2. If the potential state mismatch problem needs to be addressed, how?

Other options to consider:

Option 3: Combination of option 1 and option 2 

The network transfers the proximity status information. However, to eliminate the state mismatch problem, the UE is allowed to resend the proximity indication if the appropriate measurements (corresponding to its proximity status) are not configured after handover. This reduces the over-the-air signalling in cases where the target configures all measurements in the handover command. Whether this works and is beneficial needs discussion.

 [CATT]For handover case, we prefer combination of option1 and option2, but the UE is allowed to resend the proximity indication as long as it performs inter-node handover, regardless the handover command is or is not appropriate.
Option 4: Delaying proximity indication after sending measurement report 

The network transfers the proximity status information. The UE avoids the state mismatch problem by not transmitting proximity indications for some duration T after sending a measurement report. The duration T should be fairly small as the handover would normally occur quickly after a measurement report. This eliminates the need to resend proximity indications after handover, but does link the proximity indication functionality to the measurement functionality.

Option5: Sequence Number (SN) inclusion in Proximity Indication IE + NW based Proximity Indication status forwarding
The UE includes a Sequence Number (SN) in Proximity Indication IE (both entering and leaving). The SN is incremented every time the UE sends a Proximity Indication. The Source eNB forwards the Proximity Indication Status together with the SN received from the UE to the Target eNB. The Proximity Indication SN is included also in the Handover Command, so that the UE can check whether the SN is the latest one it sent. Based on this the UE can decide whether it needs to re-transmit Proximity Indication after the handover.
Option 5 solves the concern on state mismatch, the concern on any Proximity Indication signalling increase as well as the concern on continuation of configuration of measurement object during handover.

Comments and Opinions

Q1. Does the state mismatch problem need to be addressed?

	Company
	Comments

	Motorola
	The entire handover duration from measurement report to handover command is of the order of 50 ms in LTE. We think the probability of having a proximity indication arriving at the source (e)NB within this interval is very small. Our preference would be to not try to address this problem.

If this is demonstrated to be a significant problem there are at least two solutions (with seemingly no need for standardization) that can mostly eliminate the state mismatch problem:

(a) If a proximity indication is received after the handover request is sent to the target (e)NB, the source (e)NB can cancel the handover and start a new handover. 

(b) A smart UE implementation can avoid such state mismatch by not transmitting proximity indications for some duration after an A3/A5 type of measurement report.

	HTC
	Our point is that option 1 is much simpler than option 2. The state mismatch problem can be solved in passing by Option 1.

	Toshiba
	Option 1 could add unnecessary overhead to UEs which are resource limited.

For option 1, UE needs to resend proximity status. 

	Qualcomm
	The state mismatch problem could cause unnecessary debugging and testing issues in the field, e.g. while trying to debug why a certain inbound handover did not happen even though everything is implemented properly. A slight amount of signalling overhead is acceptable to avoid these problems.

	LGE
	The state miss matching problem caused by missing proximity indication is a rare case. However, if the problem is significant, we have to know why the current network solution cannot solve this problem. As Motorola mentioned above, the state miss matching problem can be solved without repetition of proximity indications.

	Samsung
	Yes. And this problem can be solved easily by option 1.

	Hitachi
	We believe the state mismatch problem should be solved. 

	Ericsson/ST-Ericsson
	Yes problem should to be addressed, and option 1 is an easy solution.

	Nokia & NSN
	Yes the problem needs to be addressed and option 1 offers a straightforward solution.

	Deutsche Telekom
	Our preference is optioon1 as it does not left any open case like state mismatch

	CATT
	Yes, the problem needs to be addressed.

	ITRI
	Yes, this problem should be solved once it happens, and option 1 is a simple solution.

	Panasonic
	Agree with Qualcomm. Debug due to mismatch should be avoided. We also think that this is corner case, but this should be solved, unless additional complexity is foreseen.

	DOCOMO
	We think that this is a corner case. However, if option 2 is considered not enough, standardised mechanism such as Option 5 can solve all the concerns of option 1 to 4.


Q2. Indicate your preference for option 1 or option 2 with reasoning.

	Company
	Comments

	Motorola
	We prefer Option 2. 

	HTC
	We prefer Option 1.

	Toshiba
	We prefer Option 2.

	Qualcomm
	We prefer option 1, as it solves the state mismatch case, and it is questionable if the extra signalling from the UE is really an issue. Option 2 also will involve changes to X2/S1, while option 1 simply reuses existing signalling on the Uu interface. 
([DOCOMO] Option 2 does not involve changes in S1/X2, since the proximity indication status will be sent transparently from S1/X2 in RRC Container.)
Some details about the “signalling increase” issue. As discussed earlier in the email thread from Huawei during R2#68bis, we don’t see why there is a signalling increase in option 1. Consider the following type of proximity indication implementations:

Case 1 (Single macro cell as proximity region): The number of proximity indications sent over the air will definitely be less in Option 1, as the network considers proximity status to default to false after handover.

Case 2 (Multiple macro cell as proximity region): With option 1, OTA signalling will be increased for macro-macro handovers within the proximity region, but reduced for macro-macro handovers from the proximity region to outside. These two should roughly cancel each other out, though no one has presented a detailed analysis yet.

Case 3 (GNSS based or terrestrial based positioning): The proximity region in this case can be expected to be much smaller than the coverage of a macro cell, and the relative signalling between options 1 and 2 will be the same.

	LGE
	We prefer Option 2.

	Samsung
	We prefer Option 1.

	Hitachi
	We prefer Option 1, as the state mismatch does not occur. Also we think Option 1 has less impact on the specification.

	Ericsson/ST-Ericsson
	We prefer Option 1.

	Nokia & NSN
	We prefer Option 1.

	Deutsche Telekom
	Our preference is optioon1 as it does not left any open case like state mismatch

	CATT
	We agree that option1 offers a simple and effective solution, and we also think some info transferred between nodes may help.

	ITRI
	We prefer option 1 because UE can follow the consistent inbound handover procedure no matter handover happens or not.

	Panasonic
	We prefer Option 1.

	DOCOMO
	We prefer Option 2. (or option 5)
Another case that should be taken into consideration on “signalling increase” is the hybrid cell deployment in crowded area, e.g. train station.
With option 1, every time a train comes, all the UEs (in the incoming train) will trigger the proximity indication reporting and the network will trigger the necessary measurement reconfiguration which will cause an unnecessary burst of radio traffic. This can be minimised by option 2.


Q3. If option 1 is chosen, does the UE simply re-transmit the proximity indication message to the target after handover? If so should there be timing requirements?

	Company
	Comments

	HTC
	The UE simply re-transmits the proximity indication message to the target after handover. The timing requirement might be considered but we think it is not an issue.

	Qualcomm
	Agree with HTC

	Samsung
	The timing of the 1st proximity report (before the handover) is left to the UE implementation. We believe retransmission timing also can be left to the implementation.

	Hitachi
	We don’t see the need to specify such requirements, because the timing of proximity indication can be anyway left to UE implementation, even after handover.

	Ericsson/ST-Ericsson
	If UE still in proximity, the indication is re-transmitted to target. No need for timing requirements, i.e. this can be left to UE implementation. 

	Nokia & NSN
	The proximity indication is simply repeated. Other details can be left to UE implementation. 

	Deutsche Telekom
	The UE must remember his state. If the proximity state is still valid UE retransmits the indication after successful HO

	CATT
	Simply re-transmit is enough, no timing requirements is needed.

	ITRI
	We prefer that UE re-transmits the proximity indication message to the target after handover and we don’t see the timing requirement is needed.

	Panasonic
	Agree with HTC

	DOCOMO
	Since the proximity detection method is not standardised, we think defining a standardised timer would give guidance for the network to know whether the UE behaves correctly. 


Q3A. When is the proximity status transmitted after a re-establishment? UE has to know that proximity reporting is enabled in the cell. So should this be done after the first reconfiguration, if the proximity is enabled? 

	Company
	Comments

	ITRI
	It was agreed the proximity configuration is passed to the target through the network, so proximity configuration may not be re-sent by the target eNB. Thus, we think the UE should not wait for the first reconfiguration before sending the proximity indication. The proximity indication can be re-transmitted whenever after a re-establishment.

	LGE
	We believe that this has to be done after the first reconfiguration since the proximity configuration may not be passed to the target eNB when proximity indication is sent right before re-establishment is initiated.

	Panasonic
	We think that it’s enough to transmit proximity status after successful re-establishment and the first reconfiguration, if the proximity is enabled. Since RLF should be rare enough, we don’t think that it’s urgent to send proximity status.

	
	

	
	


Q3B. Does the proximity indication need to be transmitted at a UMTS cell update? If so, should it only be transmitted at every cell update or only when serving RNC changes?
	Company
	Comments

	DOCOMO
	In UMTS the inbound handover is performed during Cell_DCH only, and most likely Soft HO is performed during Cell_DCH where the S-RNC is not changed.
Hence, re-transmission from UE in “every DCH state” would be enough.

	
	

	
	

	
	


Q4. If option 1 is chosen, does the UE re-transmit the proximity indication message regardless of the type of the target cell (i.e., CSG, hybrid cell or normal cell)?

	Company
	Comments

	HTC
	The UE re-transmit the proximity indication message regardless of the type of the target cell. If the network does not want the UE to re-transmit the proximity indication message, the network can disable proximity indication in handover command.

	Qualcomm
	No hard requirements are needed here, and the issue is somewhat independent of the option 1 vs 2 debate. The issue rather is that if the UE is connected to a member CSG/hybrid cell, can it send proximity indications (e.g. if the call originated in the CSG cell)?. We think a good UE implementation will not do this. Also, as HTC points out, the serving cell can disable proximity indications if needed. So overall, we don’t see the need for any specification impact w.r.t. target cell being normal/CSG/hybrid.

	Samsung
	UE should follow configuration of the target cell regardless of its cell type.

	Hitachi
	We think nothing special is needed i.e. UE follows the configuration of the target cell.

	Ericsson/ST-Ericsson
	This question is not specific for UE or NW based solution. We think that UE should re-transmit proximity indication irrespective of cell type.

	Nokia & NSN
	Yes, the UE re-transmits the proximity indication message regardless of the type of the target cell. 

	Deutsche Telekom
	Yes, what to do with the indication is left to target cell.

	ITRI
	Yes, we prefer that the UE re-transmits the proximity indication message regardless of the type of the target cell.

	Panasonic
	We think option1 needs no special handling to resending proximity indication compared with normal sending proximity indication. The behaviour should be same as UE behaviour that UE firstly sends proximity indication (e.g. just after RRC connection establishment). Therefore this issue is no impact to the discussion on option1 v.s. option2.


Q5. If option 1 is chosen, how does target cell determine which measurement objects need to be reconfigured?

	Company
	Comments

	Motorola
	We believe that the target (e)NB will have to configure all the measurement objects that were configured in the source (e)NB (since the target does not know which measurement objects were configured based on a proximity indication). So there would need to be additional rules/behaviour defined to allow the target to not configure all the measurement objects – e.g., after the UE sends the proximity status to the target, then target can remove some measurement objects if proximity is not indicated). 

	HTC
	We are not sure if this is an issue. Anyway, the target can determine which measurement objects need to be configured/reconfigured after the target receives the proximity indication from the UE.

	Qualcomm
	We don’t see why the target cell should configure a certain measurement just because the source cell had done so. There need not be any standardized answer to this question, as this is expected to be quite network implementation dependent. (The same question can be asked for all network provided configuration).

	Samsung
	Agree with Qualcomm.

	Hitachi
	Agree with Qualcomm.

	Ericsson/ST-Ericsson
	This should be left to NW implementation. The only thing we need to discuss is what information should be provided to target cell. Again this question is not specific for UE or NW based solution.

	Nokia & NSN
	NW implementation issue that is not exclusively related to the proximity indicator.

	Deutsche Telekom
	NW implementation, it is upto target to decide what to do after receiving indication

	CATT
	We propose to inform the target node which frequencies are configured only for inbound purpose before UE repeats the proximity indication, i.e. in handover preparation. Therefore the target node will not reconfigure (may delete) the measurement objects in handover command based on any proximity indication, but only based on normal mobility strategy. 

If the frequency is still valid after the target node receives the repeated proximity info, target node needs to do nothing; if the frequency is invalid, target node could ask UE to remove it.

	ITRI
	NW implementation. The target cell may configure the measurement object according to the proximity indication status transmitted by UE.

	Panasonic
	We don’t think it's necessary to transfer the information whether measurement objects is configured by proximity indication in source cell. Measurement configuration which is not necessary for target cell may be removed by handover command. However, this can be added after UE resending proximity indication. We assume that this overhead is acceptable, since we assume that proximity area is equal or smaller than macro cell coverage.

	DOCOMO
	Agree with Motorola and CATT.

There must be a rule to make the target eNB continue all the measurement configurations received from the source eNB. If this is not possible, as explained in Q2, in the hybrid cell deployment in crowded area, e.g. train station, this will create another “signalling increase” due to reconfiguration signalling from the network to the burstly incoming UEs.


Q6. If option 2 is chosen, does the potential state mismatch issue need to be solved? If so how? (this is at least partly a repeat of Q1; however if there are companies that would prefer option 2 but still propose to solve the state mismatch issue, they can provide details here).
	Company
	Comments

	Motorola
	We think that given its rare occurrence, the state mismatch issue does not need to be solved. We also note that, if this issue needs a solution, there are solutions that do not need to be standardized (i.e., can be left to eNB or UE implementations) as mentioned in our comments for Q1.

	Toshiba
	Status mismatch is a small probability event and should be better to leave open to manufacturer’s implementation

	DOCOMO
	 Agree with Motorola and Toshiba, but will also fine standardising option5 to solve the problem.


Q7. Is option 3 (combination of option 1 and option 2) preferable over option 1?

	Company
	Comments

	ITRI
	We still have some concerns about option 3 (option 2 as well) even though the state mismatched problem can be solved. For example,

a. what if the proximity status information forwarded through the NW is no longer fingerprint matched at UE side? 
[CATT]This could be detected when the NW receives the repeated proximity indication, and NW may remove the concerned freq in the next reconfiguration procedure. We think this case has small probability because UE may detect more than one HeNB fingerprint in the specific freq, and the fingerprint no longer match only occur when all the HeNBs of this freq is “leaving”.
b. in some cases the target eNB may decide not to configure the measurement configuration. However, UE can’t know the non-configured measurement resulting from the state mismatched or the NW decision.


	CATT
	Yes, we think so.

	LGE
	We think this is a possible solution for preventing state miss matching problem. In this way, the UE might not have to transmit proximity indication at every handover when proximity indications were transmitted previously. Thus, we prefer option 3. 

And for comments for ITRI’s above statements

a: If the UE moves out of the fingerprint area, it will transmit proximity indication with “leave”, so we do not see any problem.

b: In this case, the UE will transmits proximity indication since network did not configure measurement. If network does not want to do anything, network can ignore proximity indication. This is same for option 1. So we do not see any problem again.

	Panasonic
	Currently trigger of proximity indication is only entering/leaving. But, in option3, UE needs to consider new trigger, i.e. whether the appropriate measurements are configured, or not. This leads additional complexity to UE. Therefore, we prefer option1 over option3.


Q8. Is option 4 (delaying proximity indication after sending measurement report) an adequate solution?

	Company
	Comments

	ITRI
	We have the similar concern as Q7 a.

	Panasonic
	In option4, UE also needs to consider whether measurement reporting procedure is triggered or not. This leads additional complexity to UE. Therefore, we prefer option1 over option4.

	
	

	
	


Q9. Is option 5 ( SN inclusion in Proximity Indication + NW based forwarding) an adequate solution?

	Company
	Comments

	DOCOMO
	As explained in the option description, inclusion of SN in Proximity Indication will bring the following advantages:
· prevent the state mismatch

· minimising of signalling caused by possible Proximity Indication re-transmission and reconfiguration at every handover.

· enable the Target eNB to continue the measurement object configured in the Source eNB.

	
	


3 Summary

The following options were considered for handling of proximity status indications.
Option 1: Proximity status indication repetition by UE after handover (if proximity status is still valid).

Option 2: Proximity status indication transfer within the network.

Option 3: Proximity status indication transfer within the network; however the UE can resend proximity status indication after handover if measurements are not configured.
Option 4: Delay of proximity status indication after sending a measurement report.
Option 5: Proximity status indication transfer within the network and sequence number inclusion in the proximity status indications and the handover command.

Options 3, 4 and 5 were introduced later in the email discussion (especially option 5) and have not had as much participation as options 1 and 2. Some companies expressed opinions that option 3 might be preferable over option 1.
Summary of responses to questions:
1. Some companies felt that the potential state mismatch is a rare occurrence and it may not be necessary to have a standardized solution for this. However, majority of the companies would prefer to solve this issue. One concrete reason was mentioned for solving this problem: avoiding debugging issues in the field. It is understood that option 2 alone does not solve the state mismatch problem.
2. Majority of the companies that prefer to solve the state mismatch problem would prefer option 1. 
3. A few companies would prefer option 3 over option 1. One company expressed support for option 5. However these options have not been discussed extensively.

4. Most companies think that with option 1 there is no need for additional timing requirements on when to re-transmit the proximity status indication after the handover (i.e., exact time of retransmission of proximity status indication is left to UE implementation)

5. Most companies think UE should retransmit proximity status indication after handover regardless of the type of the target cell (subject to continued validity of proximity status and configuration in target cell).

6. Most companies think we do not need to discuss how the target cell determines which measurements were configured at the source for proximity reasons and which were configured for regular measurement purposes (i.e., this can be left to network implementation). However, at least 3 companies think this may be an issue.
7. Regarding re-establishment, 2 companies felt that it is adequate to resend proximity indication after successful re-establishment and the first reconfiguration. 1 company felt that UE should be allowed to resend proximity indication at any time after successful re-establishment.
Based on the above, the following proposals are made:
Proposal 1: The potential state mismatch problem needs to be solved.

Proposal 2: The UE can retransmit the proximity status indication after handover. Whether the UE needs to retransmit the proximity status indication after every handover (if proximity indication continues to be valid) or based on some additional criteria needs to be discussed further.

Proposal 3: No timing requirements are needed for retransmission of the proximity status indication.

Proposal 4: The proximity status indication can be retransmitted after handover regardless of the type of target cell (i.e., irrespective of whether it is a CSG cell), if the proximity status continues to be valid and proximity reporting is enabled in the target.
The following proposals may also be agreeable, although they are based on limited participation:
Proposal 5: For the re-establishment case, the UE resends proximity status indication after successful re-establishment and the first reconfiguration.
Proposal 6: For UMTS, the UE resends proximity status indications only after handovers in Cell_DCH state.

These additional issues need further discussion:
1. Does the UE retransmit proximity status indication after every handover (if proximity status continues to be valid) or based on additional criteria (e.g., option 3 or option 5)?
2. Several companies seem to assume that even if the proximity status indication is not transferred in the network, the target eNB can determine which measurements were configured in the source eNB based on proximity indications and which were regular measurements. It would be beneficial to discuss this and have a common understanding regarding how this works.
Should discuss intra-UMTS, intra-LTE and inter-RAT, preferably one solution for all cases.


Two main solutions on the table:


Status indication repetition by UE after handover


Details to be worked out (e.g. when does UE send indication again, any rules/restrictions for the repetition after handover)


Status indication transfer in network


Should the problem of crossing handover & status indication be addressed (probably yes)? If so how?
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