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1.  Introduction
The PCI confusion problem has been discussed extensively in the recent RAN2 meetings and email discussions [1, 2]. So far the focus has been about solving the problem in Rel-9. However, the PCI confusion problem will exist for Rel-8 UEs, if many HeNBs are deployed, especially of the “hybrid” or “open” type. This paper studies what will happen to a Rel-8 UE in case of PCI confusion, and how the problem can be mitigated without impacting Rel-8 UE implementation.
2. Discussion
During the email discussion [66#9], many companies expressed the need to resolve PCI confusion problem for “hybrid” cells. Since “hybrid” cells are treated as normal “open” cells for Rel-8 UEs, PCI confusion will exist for Rel-8 UEs as well. Moreover, in TS 22.220 the “open” type of HeNBs has been introduced. If such HeNBs are widely deployed, PCI confusion will occur frequently for Rel-8 UEs as well and cannot be neglected.

In case of PCI confusion, the expected Rel-8 UE behaviour is as follows:

1)
The UE reports a PCI using a normal Measurement Report (note that in Rel-8, RAN2 agreed that a UE will report all PCIs, irrespective of whether the PCI belongs to the CSG range or not);
2)
The source eNB determines a target cell (any available information such as the allowed CSG list or location information can be used to narrow down the target, but this may need to involve “wild pick” in the end);
3)
The source eNB prepares handover to the selected target;
4)
HO Command is sent;
5)
The UE synchronises to the target cell indicated in the HO Command and transmits HO Complete;
If the UE accesses the correct target:

6a)
Handover will complete normally;
If the UE accesses a wrong target:

6b)
The UE could either enter a “deadlock” or result in re-establishment (as described in detail below);
7) If 6b leads to re-establishment by the UE, this will be rejected due to context unavailability, and NAS recovery will result.
Figure 1 shows in detail how a Rel-8 UE is expected to behave when it accesses a wrong target cell, not intended by the network. The consequence depends on whether the target eNB responds to the UE’s RACH access in the first place. If the target eNB does not respond, T304 will eventually expire in the UE and this will lead to re-establishment by the UE. However, since the RACH configuration will likely be the same among the HeNBs using the same PCI (it is expected that an operator will couple PCIs with RACH root sequences to ease deployment), the target eNB will likely detect the RA preamble transmitted by the unsolicited UE. Then, the consequence depends on whether the handover access was based on the use of a dedicated preamble or a common preamble.

If a dedicated problem was used:

· If the target eNB does not detect this preamble, T304 will eventually expire in the UE, leading to re-establishment. This will likely be the case if the dedicated preamble was indeed from the dedicated preamble range also in the target eNB and if the eNB has not allocated this preamble to any UE during T304.
· Otherwise, the eNB might detect the preamble from this unexpected UE, providing an UL grant for Msg3. If this occurs the UE considers its RACH attempt as successful, stops T304, and will remain in the cell to transmit Msg3. The subsequent behaviour depends on whether the C-RNTI allocated by the HO Command is in use for another UE in the target cell.
· If the C-RNTI is not in use for another UE, the eNB will likely discard the HO Complete PDU, since this is an unsolicited message from an unknown UE. Then, the UE will likely retransmit the HO Complete PDU based on RLC-AM poll-retransmit timer expiry, eventually leading to re-establishment (maximum number of RLC retransmissions reached). Note, however, that this will take some time.

· If the C-RNTI has been in use for another UE, the problem is much more severe. The chances that the UE could result in re-establishment will decrease, and the consequence will depend on various conditions and will be unpredictable. In the worst case, the UE could potentially result in a deadlock. Meanwhile, the U-plane data of the genuine UE can be corrupted due to packet insertion by this troublesome UE. As such, the problem seems to be critical.
Otherwise, if a common preamble was used:
· The consequence will depend on whether the C-RNTI allocated by the HO Command is in use in the target cell. If the C-RNTI is not in use, T304 will eventually expire in the UE, leading to re-establishment. This is since the eNB will discard the HO Complete PDU for the C-RNTI being unknown, and the eNB will not send contention resolution.

· If the C-RNTI has been in use for another UE, the outcome will depend on whether the eNB transmits a PDCCH addressed to this C-RNTI within the contention resolution timer of the incoming UE. If no PDCCH was sent, T304 will eventually expire in the UE, leading to re-establishment. However, if a PDCCH was sent (which is normally the case if the genuine UE was actively transmitting data) and detected by the UE, T304 will be stopped and the problem could be much severe. The subsequent behaviour will be similar to the case when dedicated preamble was used, i.e., the UE behaviour is unpredictable with a potential “deadlock” in the worst case, while corrupting U-plane data for the genuine UE.
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Fig.1  Rel-8 UE behaviour in case of PCI confusion.
To prevent the UE from entering the worst case without impacting Rel-8 UE implementation, several network solutions can be considered:

Alt.1
The network ensures that the “confusing” HeNBs (using the same PCI) uses different PRACH configurations (e.g., root sequence).

Alt.2
The network ensures that the UE accessing a wrong target cell will naturally perform re-establishment. The simplest way is to lead the UE to one of the re-establishment branches shown in yellow at either end in Fig.1.
Alt.2-1
Inbound handover will be based on a common preamble. Each “confusing” HeNB (using the same PCI in potential confusion) is limited to using a range of C-RNTIs that do not overlap each other, thus to prevent the same C-RNTI being used in two or more “confusing” HeNBs. This will lead to the right most re-establishment branch in Fig.1.

Alt.2-2
Inbound handover will be based on a dedicated preamble. Each “confusing” HeNB is limited to using a range of dedicated preambles that do not overlap each other, thus to prevent the same dedicated preamble being used in two or more “confusing” HeNBs. This will lead to the left most re-establishment branch in Fig.1. However, this seems to be more difficult compared to Alt.1-1, since RA preambles are only 6 bits while C-RNTIs are 16 bits.
Alt.3
Multiple preparations are used to prepare all candidate target HeNBs using the same PCI. Then, the network ensures that the HO Command generated by each HeNB is exactly the same in content. Unlike Alt.1 and Alt.2, this alternative does not rely on re-establishment. However, this seems to be difficult for several reasons:

· HeNBs do not have X2 and multiple preparations over S1 is not supported in Rel-8;

· Some mechanism to coordinate C-RNTI allocation is necessary;

· The common channel configurations signalled in the HO Command, including the pusch-ConfigCommon and prach-Config, need to be aligned.

Of the solutions listed above, Alt.1 and Alt.2-1 seem to be viable. Nevertheless, when it comes to practice, Alt.1 requires careful coordination of PRACH configurations among the neighbouring eNBs as well as the “confusing” HeNBs. As such, this may take some effort to guarantee problem avoidance. As previously stated an operator is likely to couple PCIs with PRACH root sequences to ease network deployment. In contrast Alt.2-1 is considerably simpler since C-RNTI has a range of 16 bits and only the splitting among the “confusing” HeNBs needs to be considered. This could be achieved relatively easily e.g., by a plug-and-play function.
This comes to the following proposals:

Proposal 1
The PCI confusion problem should be solved for Rel-8 UEs as well.

Proposal 2
Discuss whether the problem should be solved 1) to an extent that the actual “handover” is successful through some clever network solution, or 2) only to an extent that Rel-8 UEs will not create serious problems and could recover connection by NAS recovery if handover access was to a wrong target.
If RAN2 agrees to solve the Rel-8 UE problem only to the extent described in 2) above,
Proposal 3
Adopt Alt.2-1 (C-RNTI splitting among the “confusing” HeNBs) as the solution.
Propoasl 4
Discuss whether Alt.2-1 can be left to implementation or a standardised mechanism should be defined, e.g., as part of plug-and-play function, and consult RAN3 should this be standardised.
Then, finally,
Proposal 5
Define a better approach for Rel-9 UEs, since the proposed mechanism for Rel-8 UEs relies on re-establishment after T304 expiry and considerable interruption is foreseen.

3. Conclusions
With regards to the PCI confusion problem for Rel-8 UEs, the following proposals were made:
Proposal 1
The PCI confusion problem should be solved for Rel-8 UEs as well.

Proposal 2
Discuss whether the problem should be solved 1) to an extent that the actual “handover” is possible through some clever network solution, or 2) only to an extent that Rel-8 UEs will not create serious problems and could recover connection by NAS recovery if handover access was to a wrong target.

Proposal 3
Adopt Alt.2-1 (C-RNTI splitting among the “confusing” HeNBs) as the solution, if RAN2 agrees to solve the Rel-8 UE problem only to the extent described in 2) above.

Propoasl 4
Discuss whether Alt.2-1 can be left to implementation or a standardised mechanism should be defined, e.g., as part of plug-and-play function, and consult RAN3 should this be standardised.

Proposal 5
Define a better approach for Rel-9 UEs, since the proposed mechanism for Rel-8 UEs relies on re-establishment after T304 expiry and considerable interruption is foreseen.
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