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1   Introduction
For RACH less handover there are two essential questions to be answered which are how to determine TA value of target cell and how to derive UL grant for handover complete message. For TA value determination the following agreements have been achieved:

=>    RACH procedure can be avoided at least in some deployments without introducing any new time alignment control or estimation mechanisms because the network knows when the timing alignment is the same for both source and target cells.

=>
Solution 1 is feasible at least in the case of reusing of time alignment values.

For UL grant we have the following agreement:

=>
RAN2 to adopt option B2 to get UL grant for RACH-less solution. Option B2 is that “Target eNB pre-allocated periodic UL grant”.
In this contribution, we discuss several remaining issues of TA determination and pre-allocated periodic UL grant for RACH less handover. 
2   Discussion
2.1   TA aspects for RACH less handover
2.1.1   Handover without TA calculation
It has been mentioned in [1] that TA calculation is not needed in intra-eNB handover since the TA value should be the same for both source and target cells and the UE can reuse the TA for target cell. But due to channel variation and different transmission paths the TA value may not be the same at any time, so the eNB should keep an eye on the fluctuation of TA to decide if TA reusing can be applied. Besides this scenario, we think for inter-eNB handover if the target eNB is the serving eNB and the target cell belongs to one existing sTAG the UE also can know the TA of the target cell although the TA value might be different from the source cell. In these two scenarios the eNB might only indicate UE to reuse the available TA value to save signalling. 
Furthermore, in some cases the network knows the TA value of the target cell and can indicate the TA value to the UE, e.g. if the target cell is a small cell zero TA value can always be used. In theory round trip time should be less than the length of cyclic prefix as shown in Figure 1 as follows:
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Figure 1: zero TA application scenario

According to the following formula:

RTT < normal CP length, i.e. cell radius*2/(3*108) < 4.7*10-6
The cell radius should be less than 352.5m to satisfy the formula, and considering the real scenario the cell radius may need smaller. And definitely the eNB should be responsible to determine whether zero TA can be applied and indicate it to UE in handover command. To sum up we have the following proposal:
Proposal 1: Support the following scenarios for RACH less without TA calculation:
· for intra-eNB handover: TA value in the source cell can be reused depending on the eNB decision;
· for inter-eNB handover:

-
the target eNB is serving eNB and the target cell belongs to one existing sTAG; 
-
if the target cell is a small cell, zero TA value can always be used.

2.1.2   Handover with eNB based TA calculation
In RACH less handover if TA calculation cannot be avoided, there are two main options for this calculation by the target eNB during handover, i.e. eNB based calculation using uplink signals and UE based calculation using downlink signals. For eNB based method, it is mentioned in [2] that the feasible uplink signals can be PRACH and SRS. Usually SRS is used by uplink synchronized UE in connected state and it cannot be received correctly with a time misalignment more than a length of cyclic prefix. So it can be inferred that if SRS is used to calculate TA the UE may be very close to TeNB, and since handover may happen in the cell edge we can conclude that the target cell is a small cell. As analysed in Sec 2.1.1 if the target cell is a small cell, the TA calculation can be cancelled. Therefore SRS may not be feasible to calculate TA.
Proposal 2: For eNB based TA calculation, as SRS may not work well for handover scenario due to its restricted delay requirement, the feasibility of SRS should be further discussed.

2.2   UL grant design for RACH less handover
In RACH less handover UL grant is an independent issue no matter if TA calculation is needed and it should be allocated by the target eNB. In RAN2#94 it has been agreed that target eNB pre-allocated periodic UL grant, and it is mentioned in [3] that the periodicity value can be indicated to UE by handover command message. However the UE also need to know the SPS subframe of the pre-allocated resources to transfer data. It is straightforward that the subframe information can be indicated via handover command message. 
Observation 1: For UL grant allocation, a common mechanism can be used for both RACH less handover without TA calculation and with TA calculation.
Proposal 3: The periodicity and SPS subframe information of pre-allocated UL grant can be indicated to the UE in handover command message.

We think there are two options to determine the SPS subframe information of the UL grant as follows:
-
Option1: target eNB can inform the UE of a relative offset and the UL- grant occurs in the subframe for which (10 * SFN + subframe) modulo periodicity = offset.

In Option1 the target eNB informs UE the periodicity value and a relative offset value for pre-allocated periodic UL grant resources. The UE derives the current SFN and subframe of target cell after downlink synchronization to the target cell. If the SFN and subframe number meet the formula, the current subframe is valid for pre-allocated UL grant as illustrated in Figure 2 below. In this way UE can get the subframe of UL grant immediately.
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Figure 2: Option 1 illustration

-
Option2: target eNB can inform UE of an absolute offset time and the UL grant occurs in the subframe offset time after the UE receives the handover command.
In Option2 the target eNB informs UE of a periodicity value and an absolute offset value for pre-allocated periodic UL grant resources. The absolute offset is used to calculate the start subframe of UL grant based on the time when UE receives the handover command as illustrated in Figure 3. 
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Figure 3: Option 2 illustration
In order to generate a reasonable value for the offset, the target eNB needs to estimate the handover execution latency of UEs to cover the worst latency case and avoid too early UL grant. Meanwhile a reasonable value could facilitate to reduce the waiting time of UEs and avoid too late UL grant. 
In Option 1, the UE can get UL grant quickly if it happens to access the network at the SPS subframe, however if the UE misses the SPS subframe it has to wait for a periodicity. To reduce the handover latency, the shorter SPS periodicity may be needed, and more UL resources may be wasted before the UE accesses the network. In Option2, it is difficult for the target eNB to figure out a reasonable absolute offset as analysed above. To overcome this backward, the source eNB can indicate the time or duration that UE could access the target eNB as assistance information to the target eNB to generate the absolute offset value. To save UL resources, we slightly prefer Option 2.
Proposal 4: An absolute subframe offset value (i.e. Option 2 above) can be used as the SPS subframe information of pre-allocated periodic UL grant, and the source eNB can indicate assistance information to the target eNB.
3   Conclusion
In this contribution, we discuss several remaining issues of TA determination and pre-allocated periodic UL grant, and we have the following observation and proposals:

Observation 1: For UL grant allocation, a common mechanism can used for both RACH less handover without TA calculation and with TA calculation.
Proposal 1: Support the following scenarios for RACH less without TA calculation:
· for intra-eNB handover: TA value in the source cell can be reused depending on the eNB decision;
· for inter-eNB handover:

-
the target eNB is serving eNB and the target cell belongs to one existing sTAG; 
-
if the target cell is a small cell zero TA value can always be used.
Proposal 2: For eNB based TA calculation, as SRS may not work well for handover scenario due to its restricted delay requirement the feasibility of SRS should be further discussed.

Proposal 3: The periodicity and SPS subframe information of pre-allocated UL grant can be indicated to the UE in handover command message.

Proposal 4: An absolute subframe offset value (i.e. Option 2 above) can be used as the SPS subframe information of pre-allocated periodic UL grant, and the source eNB can indicate assistance information to the target eNB.
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