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1
Introduction

This paper discusses the content of HO COMMAND to enable efficient HO execution. Currently in stage 2 it has been stated that HO COMMAND may include e.g. new C-RNTI, possible starting time and SIBs from target cell. In this paper we try to analyze need of these and other possible parameters in order to satisfy [1] on the topic 
2
Possible elements
2.1
Target cell id & radio level parameters
In order for UE to know to which cell to perform HO UE needs to be informed of the target cell. Also UE needs to know some radio level parameters. It would be advisable to avoid reading of MIB as RAN4 indicated in [1] to get e.g. cell BW information.  As some of these radio level information may already be needed during the measurement of neighbouring cells (e.g. if RSSI measurement BW is different from normal center 6 RBs), we see that it should be received from serving cell in order to avoid MIB reading and thus requirement for longer measurement gaps. Normally all intra-frequency cells have same BW and UE can  utilize same measurement BW for intra-frequency cells For inter-frequency cells NW can indicate BW of the cell in the neighbour cell lists or if some other measurement BW is requested from the UE then it can be delivered to it in the measurement control information. 
2.2
New C-RNTI

In the current stage 2, the inclusion of the C-RNTI into HO COMMAND has been mentioned multiple times although it is not very clear what the usage of that parameter is. Here we try to analyze possible uses for including C-RNTI:
1. RACH procedure optimizations

In the contention based HO one could use allocated C-RNTI as an identity for contention resolution thus saving few bits (C-RNTI 16bits, S-TMSI 32-40bits). When the non-contention based procedure is used because of DL data arrival, UE has CRNTI and no new CRNTI is allocated during the procedure. In order to unify all the non-contention based procedures, UE should receive C-RNTI in the HO command. 
2. Security procedures

As explained in the [2] &[3] it is necessary to get C-RNTI for the target cell in the HO COMMAND in order for UE to derive new keys for the target cell.

3. Synchronized HO

For the possible synchronized HO UE needs to get C-RNTI already from the source cell (in the HO COMMAND) in order to allow NW to allocate resources for the UE.

2.3


RACH parameters

Regardless of the RACH procedure (contention or non-contention based), RACH parameters are needed for the UE to initiate RACH usage in the target cell. UE could read these parameters from target cell once the HO COMMAND has been commanded, but that would increase HO delay considerably. To keep the interruption time at a minimum, it is vital that UE has RACH parameters available when HO COMMAND is received. In order to avoid target D-BCH reading while camping on the source, the easiest solution is to provide RACH parameters in the HO COMMAND including possible dedicated preamble in case of non-contention based HO procedure.  Additional problem related to RACH is how UE knows when RACH channel is really available as in RAN1 #50 it was decided that RACH channel may utilize longer periodicity than radio frame, thus requiring a solution for this particular problem. As it was clarified by RAN4  [4] that reading of neighbour cell P-BCH should be avoided, thus a solution which does not require reading of target cell SFN should be considered. But at least following options are left:

1. If physical layer specification allowed configuration of RACH with 10 ms periodicity, then it would be up to NW to ensure RACH channel periodicity of radio frame or less if NW wants to achieve minimal HO interruption. And if that is not done by NW then UE reads target cell SFN after the HO COMMAND and possibly causing delay in the HO procedure. Of course nothing prevents NW to allocate dedicated RACH slots for HO purposes in order to minimize too big RACH capacity for non-HO cases. The access slot configurations and frequency hopping patterns of RACH resources have not yet been decided in RAN1 but it is apparent that RACH periodicity of 10ms should be supported although, as already decided in RAN1, also longer period need to be defined in order to maximize the benefit from the frequency hopping and to allow tuning of RACH capacity at narrow system bandwidths.
2. NW provides relative time difference (SFN difference) in the HO COMMAND. Problem of this may be the accuracy of estimate done by NW. Can NW do accurate enough estimate?
3. In the HO COMMAND NW gives a HANDOVER-RNTI (Different to RA-RNTI) which is used to allocate HO RACH resources in the target cell. Multiple UEs may follow same HANDOVER-RNTI thus limiting capacity impact.
The validity period of dedicated preambles was discussed in Ref. [5] proposing that the HO command should define SFNs during which the UE is allowed to transmit the dedicated preambles. This would again mean that UE should find out the SFN of the target cell before it can transmit the first preamble. The benefit of the exact validity period would be more effective use of the dedicated preambles but the significance of the savings is questionable. Because the dedicated preamble can be reused immediately after a successful procedure, the exact validity period would be useful only in cases that the random access procedure fails. The assumption must be that the procedure fails rarely and then it could be enough just to define the number of radio frames during which the UE is allowed to retransmit the preamble after sending the first preamble. The target eNB would add to this time a sufficient margin before reusing the sequence after a failing procedure. A simple study of the benefit from the exact validity period is presented in the Appendix.
2.4


Other SIBs from target cell

It would also be possible to provide SIB/SUs of the target cell in the HO COMMAND. Of course we should be careful when doing so as we would be increasing HO COMMAND size and thus possibly either endangering successful HO COMMAND delivery or slowing down the HO procedure.  Thus we see that currently there is not any vital SU(s) needed to be delivered to the UE as they can be received by the UE in the target cell by normal SI reception.
2.5


Starting time

It may be desirable for NW to send HO command as soon as possible, but still delay execution of it for some time e.g. in order to finish HARQ processes. In our view we do not see any need for the definition of starting time for HO purposes. Sending of the HO COMMAND can instead be simply delayed in the source cell.

Thus we propose to avoid introducing additional complexity by having a starting time included in the HO COMMAND.
2.6


RRC contexts
Whether RRC contexts (or part of that) are transferred from source to target cell, UE needs to get knowledge what part of the context was transferred in order to know what RRC parameters needs to be re-negotiated or started with default parameters. As RAN2 has not yet finalized discussion what part of RRC context is transferred we propose to leave indication of RRC context in HO COMMAND for further study. It should be noted that HO COMMAND size should be minimized in order to ensure reliable and quick delivery and thus we propose to be very careful when introducing complexity and overhead to HO COMMAND.  Anyway possible things for transferring (or receiving from target cell) to consider are at least:

1. Radio bearer parameters

In order to continue same services as in the old cell it would be vital to preserve (or reconfigure) radio bearers in HO, but it should be first understood what parameters are possible for reconfiguration before defining exact contents of HO COMMAND i.e. predefined allocations probably need reconfiguration always in case of HO as it is hard to preserve resources at target cell in exactly same locations as in the source cell.
2. DRX parameters

After HO UE could start with non-DRX and wait for DRX configuration in the target cell and thus we do not see it necessary to transfer DRX parameters.

3. Measurement parameters
UE could use old measurement parameters in the target cell until new ones are received and thus we do not see strong need for delivery measurement parameters in HO COMMAND. Additionally as UE is not going to take possible new measurement parameters into use until it has changed to the new cell. So there should not be big demand for sending measurement parameters in the HO COMMAND, but it should be possible to deliver those once UE has changed to new cell. 
3
Conclusions

As analyzed in chapter 2 we propose to include following elements to HO COMMAND:
1. Target cell identity

2. New C-RNTI 
3. RACH parameters including possible dedicated preamble
And additionally if seen necessary indication of RRC contexts (and what part of that) is transferred to the target cell or what new contexts are received.
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Appendix A: Benefit from the exact validity period of the dedicated preambles in case of HO

A simple study on the benefit from the exact validity period was made with the following assumptions. We assumed a Poisson distributed number of handover attempting UE’s per radio frame. The system with exact validity period was assumed to reserve the signatures always for 20 ms.  The system without exact reservation period released the signatures also within 20ms in most cases but a much longer reservation time of 100 ms was applied for some randomly selected  UEs. This random selection modelled failing procedures resulting in an additional preamble reservation time.  We believe that the additional margin 100ms-20ms = 80ms is a very conservative value guaranteeing a very low probability of preamble collisions. Figure 1 shows the probability that eNB runs out of dedicated signatures as a function of the HO load. The number of signatures was eight, and the random access failure rate, RAFR, varied from 1% to 10%. 
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Figure 1. The probability that eNB runs out of dedicated preambles as a function of the HO load. The lowest curve is for the case of exact validity time of the signatures (20 ms). The other curves correspond to the system where the signature is reserved for a much longer time (100ms) if the RA procedure fails. The tested failure rates of the RA procedures (RAFR) were from 1% to 10%.

From Figure 1 we can read, how large HO load can be supported in each case when we aim to a certain probability of running out of preambles. These numbers are collected in Figure 2 where we show the relative loss of HO capacity if exact sequence validity period is not used.  RAFR should typically be at most a few percent. Then the loss in HO capacity would not be significant if the exact validity time was not used. 
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Figure 2. The relative loss in HO capacity as a function of the random access failure rate. 

