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1 Introduction
This paper discusses the current scheme of U-RNTI assignment by HNB and the possible problems for downlink signalling towards UEs during HNB to HNB and HNB to RNC CELL_FACH mobility scenarios. The proposed solutions for CELL_FACH mobility proposed in [1] are compared with respect to above problem.
2 Problem description

In HNB systems, the S-RNC-ID of HNBs correspond to the S-RNC-ID of the connected HNB-GW, and same S-RNTI range is used by all the HNBs for S-RNTI assignment. Due to the above, the U-RNTI values assigned by HNBs to UE are not unique across the HNB-GW. When the UE moves in CELL_FACH state across HNBs, the U-RNTI value used in the uplink CCCH (Common Control Channel) message by the UE moving to new HNB (target HNB) might be the same as the U-RNTI of a connected mode UE which are in CELL_FACH state in target HNB. 
The above condition will result on possible reception of downlink CCCH message which carry the response to the uplink message by another UE in the target HNB. The impact to the existing UE of target HNB depends on the current state of the UE and the type of downlink message. E.g., if the target HNB triggers RRC Connection Release message as response to the uplink CCCH message, it will result in release of RRC Connection for another UE in target HNB.

In the existing system without CELL_FACH mobility solutions, the target HNB will by default release the RRC connection for the UE which is sending CELL UPDATE with cause cell-reselection. So in the existing system the problem is limited to only reception of RRC Connection Release by more than one UE in case of collision. The probability of the above collision can be minimized by making the HNB randomly assign the S-RNTI values (instead of using a sequential assignment).
Observation 1: In current HNB systems not supporting CELL_FACH mobility, there are chances of RRC Connection Release received by more than one UE.

If a CELL_FACH mobility solution (which does not foresee the coordination between HNBs during the U-RNTI assignment) is introduced, it is possible that the source HNB will continue to handle the UE without context transfer. 
NOTE: 
During CELL_FACH, CELL_PCH and URA_PCH, in some cases the UE context does not need to be transferred and any common channel message may be forwarded to the source node via Iurh. This situation, however, would increase the inter-HNB signaling delay.
In this case there are chances that more than two UEs are assigned the same U-RNTI value and also connected to same cell (HNB). So whenever any downlink signaling message is sent towards this UE, whether it is sent from source HNB or target HNB will always be received by more than two UEs. 
In case of CCCH messages without ciphering the impact on existing UE depends on the state and type of message. In case of DCCH (Dedicated Control Channel) messages the collision will result in Integrity protection /ciphering failure in one of the UE.
With context transfer of CELL_FACH UE to target HNB, this problem will be reduced as the UE which was already connected may ignore the CELL UPDATE CONFIRM as it is not having the cell update procedure active.

If there are failures in routing the message or context transfer the target HNB on reception of CELL UPDATE will trigger RRC CONNECTION RELEASE message over CCCH using U-RNTI. If there is already UE having same U-RNTI in target HNB will also release its RRC connection.

Observation 2: The scenarios impacted due to collision are more with CELL_FACH mobility supported between HNBs.
In case mobility across HNBs does not result in context transfer, for femto to macro CELL_FACH mobility scenario also there is possibility for the above problem if there is more than one neighbor HNB under the same macro-cells. UEs moving towards a macro-cell from multiple HNBs may have the same U-RNTI value. This will result in the CELL UPDATE CONFIRM message received by more than one UE. However, further message handling will be possible with for the UE whose CELL UPDATE message was received as first at macro RNC. For the other UEs, the RRC connection will be released due to mismatch of state /information between UE and RNC.

The cell update message is handled by RNC. So the downlink collision here will be across all UEs moving out from femto to all macro-cells under single RNC. As the number of such cell updates happening under RNC will be higher the chances of downlink collision is higher.

This case is applicable only for UEs which are moving to macro from multiple HNBs simultaneously. We do not expect the context to remain in the HNB after cell update. Consequently, the chance of collision after movement will be negligible. Since the UE will get a new U-RNTI from macro which will be unique across all UEs 

Due to the significant number of femtos per RNC, the impact of the collisions in this scenario could be more relevant than in the previous ones.
Observation 3: The downlink CCCH message reception by more than one UE is possible in Femto to macro mobility scenarios also.
3 Comparison of CELL_FACH Solutions for downlink signaling collision during mobility
S-RNTI Prefix based solution (Solution 1e in [1])
· The above problem is inherently resolved with unique S-RNTI prefix assignment across neighboring HNBs. This approach makes sure that fixed most significant bits of S-RNTI is unique across HNBs. This will ensure the unique U-RNTI values across HNBs.
· In any case of mobility scenarios, UE can be uniquely identified based on U-RNTI as similar to existing system.
Source Cell Id based solution (Solution 2b in [1])
· This solution currently proposes to use the complete S-RNTI range for assigning to UE. In uplink the source HNB is identified by inclusion of cell identity. But in downlink the U-RNTI value uniqueness is not ensured. The impacts of the same to the below scenarios needs to be analyzed in detail:
· CELL_FACH mobility with context transfer;
· CELL_FACH mobility without context transfer;
· Downlink  signaling from source HNB towards UE without context transfer on CCCH;
· Downlink  signaling from source HNB towards UE without context transfer on DCCH;
· URA_PCH state mobility and paging to UE in URA_PCH state.

· To resolve the above issues this solution would require further changes to UE and RRC signaling. 
Based on the above comparison, it is clear that the simpler way to avoid the downlink signaling collision is assignment of non overlapping S-RNTI values across HNBs. This can be achieved by using an S-RNTI prefix based solution as proposed in [1].
4. Conclusions and proposals
This document discussed the current scheme of U-RNTI assignment by HNB and the possible problems for downlink signalling towards UEs during HNB to HNB and HNB to RNC CELL_FACH mobility scenarios. It has been observed the following:
Observation 1: In existing HNB system without CELL_FACH mobility support, there are chances of RRC Connection Release received by more than one UE during UE movement across HNBs in CELL_FACH state.

Observation 2: The scenarios impacted due to collision will be more with CELL_FACH mobility is supported between HNBs.

Observation 3: The downlink CCCH message reception by more than one UE is possible in Femto to macro mobility scenarios also. Here the probability of such collision is less compared to Femto to Femto mobility cases.
Consequently:
Conclusion: New analysis and proposals are needed to resolve the downlink signaling collision due to re-use of same S-RNTI space across HNBs if system is deployed with solution 2b [1]. Solution 1e [1] naturally resolves this problem by dividing the S-RNTI space uniquely across neighboring HNBs.
Therefore, the following is proposed:

Proposal: it is recommended to have solution 1e [1] as mandatory as it resolves the source identification as well as the U-RNTI collision problems without any changes to UE and macro-RNC.
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