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1 Introduction

The current stage 2 specification for E-UTRA [1] does not discuss reliability of the Handover command. There have been different contributions on how to make a HO command reliable [2][3][4]. A simple approach is to simply use a single HARQ process reliability. Another approach is to also have a higher layer reliability [2] such as RLC ARQ or RRC acknowledgements. In order to reduce the latency that may be caused by [2], [1] proposes that several independent HARQ processes be used to improve reliability without using higher layer acknowledgements that cause delay. In this document, we propose a method with a simple single HARQ process reliability, but split the HO command message so that the best MCS may be used for strong reliability. 
The rest of this document is organized as follows. Section 2 motivates the reason for our proposal, and we describe the proposal in detail in section 3. We conclude in section 4.
2 HO command reliability: Possible mechanisms
If the HO command was transmitted in a single HARQ process, the target error rate with adaptive MCS is expected between 1e-3 and 1e-4. This level of reliability may not be enough for the HO command. There are several ways to increase this reliability:

1. Use a better modulation and coding scheme (MCS): The target error rate after HARQ as mentioned above is only for an adaptive MCS. If we use a better MCS, the error rate can be reduced up to a few orders of magnitude (for example if the best MCS is used). However, using a better MCS, and especially using a lower rate coding causes the channel overhead to increase quite a bit. In fact, the overhead might be comparable to having multiple independent HARQ process that uses an adaptive MCS instead of a better one. The benefit, of course, is that the process is cleaner and does not involve an “exception” processing as in the case multiple independent HARQ processes were used. There is also no latency involved in waiting for the higher layer ACKs and their separate HARQ processes and overhead.
2. Use a higher layer ARQ: This involves having higher layer (RLC or RRC) ACKs to improve reliability. The reliability is increased because another HARQ process is initiated if one of them is not successful (until a limit, of course). For n higher layer retransmission allowed, the reliability improves as L^n, where L is the loss probability for a single HARQ process. In terms of overhead, there is an additional overhead of higher layer ACK packets and their HARQ processes. However, no extra HARQ processes on the TX side are initiated unless there is a loss detected in the previously transmitted process. In terms of overhead, the channel overhead may be a little lower than option 1 above as channel resources used in multiple HARQ retransmissions may not be used if the first or an earlier one is successful. In option 1, the better MCS means extra channel resources used regardless. However, the difference may not be much since the higher layer ACKs have their own HARQ processes and use up channel resources. This proposal performs worst in terms of latency as higher layer ACK process involves an additional HARQ round trip delay for confirmation. The delay also increases as all reliability enhancing transmission activity is happening in series – for example the new HARQ process is initiated after the first fails and the higher layer loss is inferred.  
3. Have multiple HARQ processes: In this method, multiple independent HARQ processes are initiated in parallel with the same higher layer data. In terms of overhead, this procedure may cause the maximum overhead since a UE may receive the information in one of the HARQ processes, but the other processes still go on. This overhead is similar to the overhead in option 1 as better MCS uses more channel resources in a way similar to multiple HARQ processes with an inferior MCS. In terms of latency, this procedure would probably have the lowest latency, since multiple processes are operating in parallel. The latency gains over option 1 may be minor though.
Overall, it is our understanding that each of the above mechanisms improves the message reliability to similar higher levels to the other mechanisms. This gain is of the order of a couple of orders of magnitude. The difference between the mechanisms is in terms of the tradeoffs as discussed above.  
3 HO command and HO information messages
In section 2, we observed that in terms of simplicity and latency, the mechanism to use a better MCS is better than the other two mechanisms. However, given that the HO command may be a large message including all the parameters for accessing the target cell, the channel overhead in each instant of transmission may increase beyond acceptable levels for a single TTI. Without going into the size of the HO command message, we assume that a smaller channel occupancy in each HARQ transmission of the HO command message is desirable. In order to have the latency and simplicity gains of a single HARQ process for the HO command, and also so that the HO command message is a shorter, we propose the following mechanism for HO command transfer.
1. After HO decision, and in parallel with sending the HO request to the target cell, the source cell also sends a HO information message to the UE that contains all the information to access the target cell, except that is required to be received from the target cell (new CRNTI and the contention free signature to use the RACH etc.). This RRC message uses higher layer ACK.
2. After receiving the HO Request ACK, the source cell transmits the HO command as earlier but with limited information that is not transferred in HO information message. This message is sent with the best MCS for highest reliability, and only uses only HARQ for reliability (i.e. no higher layer ACK).
HO Command Transfer Mechanism
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4 Conclusion

In this contribution, we propose to split the information content in the HO command into a HO information message and a small HO command message. We also propose that RLC level ARQ or RRC level ACKs be used for the HO information message, while only HARQ with the best MCS be used for HO command.
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