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1	Introduction
The Work Item “LTE Carrier Aggregation Enhancement beyond 5 Carriers” [RP-142286] was approved in RAN #66, with “specify and complete the support of PUCCH on SCell for UEs supporting uplink Carrier Aggregation” as one of the objectives. Possible issue with PCI confusion was shortly discussed in the last meeting and here we try to provide more insight to that and possible way forwards.
2	Discussion
In R13 LAA it is assumed that the component carriers on unlicensed band are only usable as the Scells together with a Pcell on the licensed band. Following this assumption, it is evident that the carriers on the unlicensed band are Scells for all UEs and hence there is no need to transmit System Information on the LAA component carriers on the unlicensed band for normal operation.
[bookmark: _GoBack]Apart from the System Information transmission in the Scell, there may be a need to have some signals on the LAA Scell carrier, the signals of which allow the UE to recognize that the component carrier belongs to the same LAA network as the Pcell which UE is receiving on the licensed carrier. On licensed band such identification is done by the Physical Cell Identity (PCI) which is derived from synchronization channels. It is also assumed that two operators can only share a carrier in licensed band if they share the network, or are operating in different geographical areas. Therefore, the PCI is assumed to be typically sufficient for determining the cell identity.
In addition in some cases UE need to uniquely identify the cell in order to resolve possible:
· PCI collision: two closeby cells with same PCI. 
· PCI confusion: same PCI is reused by two different cells operating under one macro cell. 
These issues were also discussed during Rel-8 and Rel-9 in the context of CSG cells. During that time, PCI collision was assumed not to be a problem because operator would be controlling the PCIs in their networks, and PCI confusion was solved by a specific mechanism (i.e. network-initiated SI reading). In the unlicensed band occurrence of above issues may be more frequent because it is possible that two eNBs of two different networks (PLMNs) have accidentally selected the same PCI if there is no PCI coordination across different networks. 
From RAN2 point of view RAN1 could introduce several different mechanisms to diminish/avoid PCID collision/confusion issues:
· Increase PCID space. Increasing PCID space of course does not completely remove PCID collision/confusion but it may make the probability of it occurring so small that there is no need to do other mechanisms in RAN2 to solve the issue.
· Broadcast at least partly unique cell identity i.e. enable mechanism 1) e.g. just PLMN information. If RAN1 could introduce PLMN information and possibly also further data (Cell Identity/TAC) then one could use similar SIB reading request procedure as in legacy systems to solve the problem of PCID collision/confusion. If RAN1 can only introduce PLMN identity then in addition operator would need to limit number of LAA cells under one macro cell in order to avoid PCI confusion issues or utilize trial and error mechanism. 
2.1	PCID confusion
So in order to completely (at least almost) one have following solutions for way forward to resolve PCID confusion:
1. Operators coordinate PCID usage e.g. different operators use different pools of PCIDs. In addition operator needs to limit number of LAA cells under one PCell to PCID space (currently 504 divided then by multiple operators) in order to avoid reusing same PCID under one macro cell. Note that this would also solve PCI collision case!
2. Add unique identity to a SIB-style of broadcast message including PLMN ID, Cell Identity and TAC. Then in case of possible confusion NW could request UE to provide the unique identity. This would be similar mechanism as was used in Rel-9 for CSG cells.
3. Add part of unique identity (e.g. PLMN identity) to a SIB-style of broadcast message. With that, UE can identify to which PLMN identified PCID belongs. In addition the operator needs to limit number of LAA cells under one PCell to PCID space (currently 504) in order to avoid reusing same PCID under one macro cell.
4. Trial and error mechanism. NW just configures a LAA cell and starts transmission there. If UE does not respond UE is somewhere else and one can just deconfigure LAA cell from the UE and try the alternative option. This could work decently well especially if PCID collision is not frequent but on the other hand this will be inefficient especially in case of frequent PCID collision/confusion.
Due to LBT any extra information could be critical and avoiding such would be preferable in order to save control signalling in LAA system. But relying on PCID listening may not be sufficient unless PCID coordination is preferred mechanism. 
Proposal 1: Discuss and decide whether PCID coordination (solution 1) or Trial and Error (solution 4) are feasible solutions for PCI confusion resolution.
If these are deemed infeasible then consider what information would be required from RAN2 point of view in the SIB to resolve the issue i.e. is PLMN information sufficient?
Proposal 2 (conditional on decision on proposal 1): Discuss whether it is feasible to limit number of LAA cells for one operator under one PCell to amount of available PCIDs (504 wihtout RAN1 extending PCID space). If yes then just providing PLMN information is sufficient to solve PCI confusion, If not also Cell Identity and TAC is required.
For PCI confusion providing additional information (e.g. PLMN ID) is not urgent and does not need to happen as regularly as e.g. reference symbols as this information is just requested to be received and provided by the UE i.e. it would be even enough just start providing this information after NW has identified that it needs to resolve possible PCID confusion and NW has requested UE to provide extra information.
Observation: There is no need to frequently and regularly provide additional cell information for PCID confusion problem. 
2.2	PCID collision
PCID collision case is impossible to completely avoid unless we use solution 1 (i.e. inter-operator coordination) from above, but in order to diminish there are these tools available: 
A. PCell/LAA cell may utilize CSG-style network listening procedure where it checks which PCIDs it can hear and avoids choosing one of those. 
a. This solution should solve the PCID collision (i.e. case when UE can hear same PCID from two different cells) partially.
B. PCID collision impacts in the UE could be limited by using timing difference between SCell and PCell in the UE to identify which potential SCell belongs to same eNB as PCell.
C. RAN1 can increase the number of PCIDs – This may be combined with other solutions as well.
D. PLMN id (or similar information) is broadcast during each DRS occasion so that at every measurement occasion, UE can detect whether identified potential SCell belongs to same PLMN (PCell). 
As pointed out for C) it seems that in order to help PCID collision, provisioning of additional cell information (e.g. PLMN ID) would be need to send very frequently.
Observation: in order to help PCID collision, provision of additional cell information (e.g. PLMN ID) would be need to sent very frequently
As PLMN ID already will be rather big information (~25bits) it would be desirable to avoid sending it frequently, thus it would be preferred if any other existing solution would work to solve PCID collision problem. 
Proposal 3: Discuss whether PCID collision can be sufficiently solved by solutions A)/B) or if there is need to increase number of PCIDs.
3	Conclusion
In this paper we discussed PCID confusion and collision problem in LAA system. We brought following proposals and observations:
Proposal 1: Discuss and decide whether PCID coordination (solution 1) or Trial and Error (solution 4) are feasible solutions for PCI confusion resolution.
Proposal 2 (conditional on decision on proposal 1): Discuss whether it is feasible to limit number of LAA cells for one operator under one PCell to amount of available PCIDs (504 without RAN1 extending PCID space). If yes then just providing PLMN information is sufficient to solve PCI confusion, If not also Cell Identity and TAC is required.
Observation: There is no need to frequently and regularly provide additional cell information for PCID confusion problem. 
Observation: in order to help PCID collision, provision of additional cell information (e.g. PLMN ID) would be need to sent very frequently
Proposal 3: Discuss whether PCID collision can be sufficiently solved by solutions A)/B) or if there is need to increase number of PCIDs.
And based on above questions it proposed to inform RAN1 urgently RAN2 position in order to RAN1 continue in efficieint manner designing LAA specific properties
Proposal 4: Inform RAN1 about RAN2 decisions related to PCID confusion and collision

