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1. Introduction

The transmission of the Handover (HO) Command is characterized by a strong need for high reliability, since in the light of a deteriorating channel the signal quality may drop rapidly. Reliability can be assured by HARQ/ARQ interactions, but in the current TS 36.300 securing the HO Command on the RLC layer is not mandatory [1]:

It is probable that UE needs to acknowledge reception of the HO COMMAND with RLC acknowledgment procedure.

As discussed in the following it is beneficial to make acknowledgement procedure obligatory. We show that the RLC acknowledgement procedure is equivalent to the RRC acknowledgement procedure. Their usage depends on the applicability of RLC modes (TM/UM/AM) for the RRC signaling.
Fig. 1 shows the general behaviour with or without acknowledgement procedure in different scenarios. Fig. 2 and Fig. 3 show the same scenarios as Fig. 1 in more detail for the RLC (Fig.2) and RRC (Fig.3) acknowledgement procedure.

For the discussion below the following assumptions were made:

· The basic definitions for the RLC modes such as transparent mode (TM), unacknowledged mode (UM) and acknowledged mode (AM) known from 3GPP Release 7 RLC protocol specification [3] will also be used for LTE.

· Although not depicted explicitly, the flow of information in the figures below assumes the availability of UL resources whenever they are needed. In fact the UL resource allocations could already be included in the DL allocation, i.e. UL allocations are not depicted explicitly.
2. Discussion

Fig. 1 shows the communication between UE and eNB for the HO Command transmission and the most common malfunctions thereof, such as HO Command failures and HARQ ACK/NACK misdetections. On the left side the HO Command message is acknowledged by either an RLC or RRC acknowledgement procedure.
The regular flawless HO is depicted in Fig.1a). The HO Command is HARQ-acknowledged and possibly also acknowledged on the RLC level, although this would not be necessary here.

In Fig.1b) the HO Command is acknowledged by the UE in the form of a HARQ ACK, but the eNB detects a HARQ NACK. If the UE is not obliged to send another acknowledgement on the RLC or RRC level, it detaches from the current cell and is not reachable for the HO Command resubmission by the eNB. For the UE this does not have any effect, because it already has all necessary information to connect to the new cell. The eNB, however, keeps resubmitting the HO Command until the configured maximum number of retransmissions or the maximum retransmission time is reached. Eventually it is asked to release its resources by the target eNB. A mandatory acknowledgement procedure avoids this situation in the first place. The UE only detaches from the cell after it has sent the RLC/RRC ACK and the eNB is aware of this situation as soon as it receives the acknowledgement message.

Fig.1c) is similar to the regular case except that the HO Command is erroneous. Consequently, it does not make any difference if an acknowledgement procedure is applied or not.

In Fig.1d) an erroneous HO Command is followed by a HARQ NACK that is misdetected as HARQ ACK. In case no acknowledgement procedure is applied, the eNB assumes that the UE has correctly received the HO Command and has detached from the cell. Finally, the downlink data buffered by the eNB is forwarded to the target eNB while, due to missing UL resources, the UE is forced to reconnect to the eNB via the RACH. Hence, this procedure is costly in terms of time and probably lost data. On the other hand, if an acknowledgement procedure is obligatory, the eNB may start a timer as, for example, proposed in [2]. After having received the HARQ ACK, the eNB waits for the RLC/RRC ACK in vain and eventually resubmits the HO Command after the expiry of the timer. The HO Command is finally acknowledgement by both HARQ ACK and RLC/RRC ACK.

( Although the RLC/RRC acknowledgement procedure results in some additional overhead, in case of NACK-to-ACK misdetections this effort is justified by the ability to solve the undefined protocol states.
Fig. 2 shows the same scenarios as Fig. 1 in more detail for the RLC AM without UE-initiated RRC acknowledgement procedure. Here the timer is present in the RLC layer and upon acknowledgement of the correct reception of the HO Command the RLC layer generates a HO Command ACK primitive towards the RRC layer. Whether the generation of this internal HO Command ACK can be omitted is left open.
A general problem arising in the usage of RLC AM for the RRC signalling is that the RLC layer will ensure the correct order of the messages. This may lead to the commonly known “head of the line” blocking problem. A missing RRC message preceding the HO Command message may thus delay the delivery of the HO Command message. The RLC layer will deliver the HO Command message towards the RRC layer only when the preceding message is successfully transferred. The radio conditions are assumed to be deteriorating when a HO Command is emitted, thus any additional delay of the HO Command should be avoided. 
Even under the assumption that in Fig. 2 solely the HO Command message is sent in RLC AM (no “head of the line” blocking problem) an additional radio bearer setup will be required.

Fig. 3 shows the same scenarios as Fig. 2 for the RLC TM or UM, but in combination with an RRC acknowledgement procedure. A corresponding timer within the RRC layer monitors the correct reception of the HO Command and initiates RRC retransmissions if necessary. As RLC TM or UM is used here, no “head of the line” blocking problem exists.
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Fig.1: Comparison between scenarios with acknowledgement procedure (left) and without  acknowledgement procedure (right) for HO Command. a) Regular case. b) HARQ ACK-to-NACK misdetection for HO Command. c) HO Command failure. d) HO Command failure followed by a HARQ NACK-to-ACK misdetection; the timer is indicated in green.
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Fig.2: Scenarios a) to d) as in Fig. 1, but using RLC AM procedure for HO Command; the expiring RLC timer is indicated in green.
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Fig.3: Scenarios a) to d) as in Fig. 1, but using RLC TM or UM with RRC acknowledgement procedure for HO Command; the expiring RRC timer is indicated in green.
3. Conclusion

The major difference between Fig. 2 and Fig. 3 is that the acknowledgement procedures are initiated either by the RLC layer in AM mode (Fig. 2) or by the RRC layer with RLC TM or UM (Fig. 3). The other information exchange and communication paths are similar. Both acknowledgement procedures are thus assumed to be identical in their timely behaviour.

In our view, the RRC based acknowledgement procedure using RLC TM or UM (without reordering) is beneficial when the RLC AM radio bearer setup for RRC signalling means can be avoided.
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