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1. Introduction
In Rel-10, the fixed relay is finally standardized based on the architecture Alt2 (see TR 36.806[1]). It is natural for one to consider developing the mobile relay based on the architecture Alt2. However, it’s not clear till now that whether the Alt2 can support RN mobility, and how much standardization effort is needed. In this paper, we are going to discuss these issues.
2. Discussion
2.1.  Background
The essential characteristic of Alt2 is that RN’s PGW/SGW are collocated in the serving DeNB. Therefore, when a RN performs handover between DeNBs, RN’s PGW/SGW relocation should be accompanied. However, there is no existing procedure for an active UE/RN to change PGW yet. Without great impact to the current standards, a potential way for RN to change PGW in a RN handover procedure was provided in [2]: RN detaches from the source DeNB and then re-attaches to the target DeNB. However, in our view, this method is not good, and may lead to poor handover performance such as great handover interrupt time, user data loss and so on. Details are analyzed in the following. 
2.2. Handover interrupt time
Low handover interrupt time in U-plane is very important for good user experience. In TR36.912 [3], the handover interrupt time in the U-plane is defined as the time period between a UE leaves the source cell and receives the first DL data packet in the target cell. In Rel-8, the average handover interrupt time in U-plane is about 10.5ms (see TR36.912 section 16.5).
According to the analysis in the section 2.1, the RN handover procedure includes two steps. Step 1 detach from source DeNB, step 2 attach to the target DeNB. During the RN handover procedure, the data transmission on Un interface is stopped when RN initiates the detach procedure And the RN can only receive the first the Un DL data packet when the first RN EPS bearer is established in the target DeNB. According to TR36.912 (see section B.1), it takes one UE 80ms to transit from IDLE to CONNECTED (e.g. service request). We can estimate that during the above RN handover procedure, the U-plane handover interrupt time on Un interface will be more than 100ms. It should be noticed that the interrupt time suffered by UE, served by RN, will be much longer than 100ms. It’s because that after RN accomplishes attachment in the target cell, RN needs connect to OAM to get new configuration parameters, such as ECGI, PCI etc before it can continue to send and receive user data on the Uu interface. In other words, once mobile RN performs handover, a UE served by the RN has to experience an interrupt time much longer than 100ms. Given that RN is supposed to perform handover frequently for high speed train scenario, the frequent interrupt and long interrupt time will disturb users a lot. What’s more, it may be unacceptable for some time-sensitive services. 
Observation 1: For the mobile relay based on Alt2, the handover interrupt time in U-plane is above 100ms.

2.3. Data loss

In addition to low interrupt time, minimizing packet loss is another essential requirement for LTE-A system handover. In Rel-10, data forwarding mechanism is adopted to ensure the lossless for RLC AM bearers. However, the current data forwarding mechanism is not suitable for RN handover. The reasons are following.

· After RN detaches from the source DeNB, the source DeNB keeps no RN’s context.  If some RN data packets (e.g. packets destined to UE served by RN) arrive after RN detachment, the source DeNB can’t decide how to forward these packets and may have to discard them. 

· For Alt2 RN, the UE EPS bearer to RN EPS bearer mapping is performed by DeNB locally. If different mapping rules are used by the source and target DeNB, the data forwarding is not possible. For example,  UE EPS bearer1 and UE EPS bearer2 are mapped to the same RN EPS bearer at the source DeNB. And the two UE EPS bearers are re-mapped to two different RN EPS bearers in the target DeNB. In this case, upon the reception of the forwarding data from the source DeNB, the target DeNB can’t decide how to map the received forwarding data to RN EPS bearers.

Obviously, current data forwarding mechanism can’t minimize the packet loss on the Un interface, which leads to the data packets received by UE discontinuity.   
Observation 2: For the mobile relay based on Alt2, the data forwarding per RN EPS bearer is not possible.

2.4. OAM connection
In LTE-A system, a security IP connection between OAM and eNB is required. Once an eNB changes its IP address, it may re-establish the security connection with OAM. 

For Alt2 RN, RN’s IP address is allocated by its PGW. RN changes PGW along with handover between DeNBs, which causes RN to change its IP address frequently. As a result, the connection between RN and OAM may break frequently. In the worst case, the RN may be not able to connect to the OAM. 
Observation 3: For the mobile relay based on Alt2, the connection between RN and OAM may break frequently. In the worst case, the RN may be not able to connect to the OAM. 

2.5. Solution

To solve the issues discussed above, some new mechanisms are needed. For example, a new handover procedure for RN should be designed to replace the detach/re-attach procedure to shorten the handover interrupt time. During a handover, source DeNB needs to transfer the PGW/SGW context to target DeNB to ensure one-to-one mapping relationship between the RN EPS bearer in source and target DeNB. A new OAM security mechanism should be designed to ensure that RN can maintain the OAM connection during the handover. However, the above new mechanisms may need a great standardization effort and involve the work of both RAN and SA work groups. 

Observation4. To enhance the mobile relay based on Alt2, a lot of standardization work is needed.
3. Conclusion
According to the analysis in section 2, we have the following observations:
Observation 1: For the mobile relay based on Alt2, the handover interrupt time in U-plane is above 100ms.

Observation 2: For the mobile relay based on Alt2, the data forwarding per RN EPS bearer is not possible.

Observation 3: For the mobile relay based on Alt2, the connection between RN and OAM may break frequently. In the worst case, the RN may be not able to connect to the OAM. 

Observation4: To enhance the mobile relay based on Alt2, a lot of standardization work is needed.
We propose RAN3 to consider these observations in mobile relay architecture selection.
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