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1
Introduction
In RAN1#84, the following has been agreed for PRACH design for eLAA:
· Contention based PRACH transmission on LAA Scell is not supported in Rel-14

· Non-contention based PRACH transmission on LAA Scell is supported in Rel-14 subject to LBT

· FFS: PRACH duration up to 1msec is supported

· FFS: A UL transmission burst containing PRACH without other UL channel immediately follows a single idle observation interval of at least 25 micro sec

· FFS: new PRACH waveform
In RAN1#84bis, the following has been agreed as working assumption on PRACH configuration:

Working Assumption:

· PRACH resource configuration in time and frequency in LAA SCell:

· RRC configuration of frequency resource(s), sequence set, and time domain resources

· Omitting time domain resources from the RRC configuration can be studied, considering e.g. interactions with LBT. 

· FFS whether any of the following can be dynamically adapted by PDCCH, or deterministically derived by the UE:

· time domain resources

· frequency resources for actual transmission

· sequences for actual transmission

· If using PDCCH, FFS whether common or UE-specific
In this contribution, we will discuss the PRACH waveform design, the associated configurations, and the TA impact on the channel access of PRACH.

2
LAA-PRACH waveform design
It is well recognized that new PRACH waveform is needed to match with the regulatory requirements on occupied channel bandwidth and maximum power spectral density (PSD). Two candidates have been discussed:
· Candidate 1: Repetitions of the legacy LTE 6-PRB preamble in frequency domain [1] 

· Candidate 2: Repetitions of the BIFDMA-based preamble in time domain [2]
We evaluate both candidates and the simulation results are provided in our companion contribution [3]. It is observed that candidate 2 provides worse timing estimation performance and also has lower multiplexing capacity than candidate 1 due to its interlaced structure. For a more future-proof design suitable also for contention-based random access, we propose to adopt candidate 1. Candidate 1 also has the advantage of largely reusing the existing implementation.
An example of candidate 1 is illustrated in Figure 1. The repetition in the frequency domain should allow the waveform to meet the limitations related to occupied channel bandwidth. Due to the maximum PSD limitation, the number of repetitions N in the frequency domain affects the maximum transmission power of PRACH, and consequently determines the PRACH coverage. Hence the value of N could be made configurable to achieve different tradeoff between resource overhead and coverage for LAA-PRACH.
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Figure 3 N repetitions of the legacy PRACH preamble in the frequency domain
Proposal 1: LAA-PRACH is based on N repetitions of the legacy PRACH preamble in frequency domain, where N is configurable and ≥ 2.

In order to ensure that the basic coverage requirements are met, LAA-PRACH based on repetitions of PRACH format 0 in frequency domain should be supported as the baseline for a regular 1ms subframe, since it has a similar performance as the legacy PRACH format 0. Whether a shorter format such as PRACH format 4 with frequency domain repetitions for a regular 1 ms UL subframe is supported depends on the performance requirements. Obviously a shorter format would result in smaller coverage compared to PRACH format 0. However, considering that eLAA targets for small cell deployment with small radius, and LBT mechanism is in place to avoid strong interference, there are use cases where PRACH format 4 could provide sufficient coverage. So it would be beneficial to support format 4 as well. Compared to format 0, the difference would be that format 4 occupies only the first 3 symbols in a subframe (excluding LBT gap). Note that PRACH format 4 is slightly longer than 2 symbols.
Proposal 2: For a regular 1ms UL subframe,

· PRACH format 0 is supported with frequency domain repetitions.
· PRACH format 4 is supported with frequency domain repetitions, and it is transmitted on the first three symbols in a subframe (excluding LBT gap).
3
PRACH Resource Configuration and Triggering
On the PRACH frequency resource, the maximum value of N should be 10 in order to maximize the coverage. In addition, intermediate values should be also supported. A reasonable value set of N can be {2, 4, 8, 10}. There is not clear motivation or benefit to have configurable PRB locations. So for each value of N, the PRB locations can be pre-defined in the specifications. In addition, N should be a cell-specific parameter carried as part of PRACH configuration, which should be determined by the eNB based on the tradeoff between coverage and overhead. It is preferable to put all the PRACH clusters on the same 6 interlaces to avoid impacting more PUSCH interlaces. The detailed proposal is as follows:

Proposal 3: N, as part of PRACH configuration, is chosen from the set {2, 4, 8, 10}. The PRB locations for each value of N are pre-defined in the specifications:
	N
	PRB indices for PRACH

	2
	0-5, 90-95

	4
	0-5, 30-35, 60-65, 90-95

	8
	0-5, 10-15, 30-35, 40-45, 60-65, 70-75, 80-85, 90-95

	10
	0-5, 10-15, 20-25, 30-35, 40-45, 50-55, 60-65, 70-75, 80-85, 90-95


In Rel-14 eLAA, we have agreed that only non-contention based RACH is supported. This could imply that the time domain resources (subframes) could be dynamically indicated in the PDCCH order that triggers the RACH procedure. However, a RACH procedure involves potentially multiple preamble transmissions with power ramping. It is quite straightforward to reuse the RRC configuration for the time domain resources and the RACH procedure in legacy LTE. In addition, this approach is more future-proof considering the possibility of introducing contention-based PRACH in a later WI/release.
The sequence set can also be RRC configured as in legacy LTE, and the actual sequence for transmission can be dynamically indicated in the corresponding PDCCH order.

Proposal 4: Confirm the working assumption that frequency resource(s), sequence set, and time domain resources are RRC configured. The actual sequence for transmission is dynamically indicated in PDCCH order.
Another issue is the starting point of PRACH transmission within a subframe. Given that PRACH and PUSCH can be multiplexed in the same subframe, it naturally requires a LBT gap. The most straightforward way would be to create this gap using the first symbol in a subframe, following the agreement we already had for PUSCH.
Currently for PRACH format 0, the preamble and the guard time span the full 1ms. If we use the first symbol as the LBT gap, without changing the preamble sequence and CP, the guard time would be reduced from 96us to 25us. A 25us guard time can still accommodate a cell radius of ~3.7km, which is sufficient for eLAA. Therefore format 0 can be reused as it is.
Proposal 5: A PRACH transmission always starts at the 2nd symbol in a configured PRACH subframe.
4
PUSCH Resource Allocation in a PRACH Subframe
When PRACH does not occupy the entire bandwidth in a subframe, the remaining resources can be used by PUSCH/PUCCH in an FDM fashion. If in such a subframe the definition of PUSCH interlaces follows the same definition as in the subframes without PRACH, the resources of some PUSCH/PUCCH interlaces will overlap with PRACH. One of the following alternative methods could be used to handle it.
· Alt. 1: The definition of PUSCH interlaces is kept unchanged except that the resources used by LAA-PRACH are not counted. This means that there will be some interlaces that cannot occupy 80% of the nominal channel bandwidth.

· Alt. 2: Adopt a different definition for the PUSCH interlaces in a subframe with LAA-PRACH, so that they do not overlap. Depending on the exact definition and the LAA-PRACH configuration, there may also be some interlaces that cannot occupy 80% of the nominal channel bandwidth. But compared to Alt. 1, the advantage is that the number of such interlaces can be minimized.
For the interlaces that cannot be occupy 80% of the nominal channel bandwidth, the following options can be considered: 
· Option 1: When a UE uses such an interlace, it can transmit a reservation preamble in LAA-PRACH in order to satisfy the requirements on the occupied channel bandwidth.
· Option 2: Such an interlace cannot be allocated to a UE alone. It needs to be allocated together with other interlace(s) in order to satisfy the requirements on the occupied channel bandwidth. This may not require specification changes and can be left to eNB implementation.
Both Alt. 1 and Alt. 2 are feasible options. For simplicity, we propose to adopt Alt. 1 with option 2.

Proposal 6: The definition of PUSCH interlaces in a PRACH subframe is the same as that in a regular subframe, except that the PRBs used by PRACH are excluded from the corresponding interlaces.
Observation 1: A punctured PUSCH interlace that does not satisfy the 80% channel occupancy requirement may not be allocated to a UE by itself. The eNB, by implementation, could allocate such a punctured interlace together with other full interlace(s).
5
TA Impact on channel access of PRACH

When a UE performs the PRACH transmission in current LTE systems, it is based on DL timing and has no additional UL synchronization information or TA command. On the other hand, PUSCH/PUCCH timing is adjusted based on the TA command, so it occurs earlier than PRACH for the same UE. PUSCH/PUCCH transmission of intra-cell UEs may block PRACH transmission in the same subframe, since the UE with PRACH transmission may detect the power of timing-advanced PUSCH/PUCCH transmission of other UEs during the CCA measurement window. Within a CCA slot (9 μs), the UE needs to detect the power (CCA measurement) in at least 4 μs window [4]. If the measurement window locates at the very end of the CCA slot duration, the mentioned block issue has higher chance to happen.

Figure 4 illustrates an example of the blocking issue between two UEs at the cell edge, where the PRACH transmission from a UE is blocked by the PUSCH transmission from another UE. In this figure, “Sensing” represents the CCA measurement window y=4 μs, and “Rx-Tx Switching” represents the gap z=5 μs between the CCA measurement and the UL transmission. Note that “Rx-Tx Switching” is not only the time reserved for RF switching, but could also include some additional gap. The value of TA for PUSCH is x=6 μs, which is the maximum TA for the cell (with a cell radius of ~900 m). The value of TA for PRACH is w=0 μs. The worst case corresponds to the maximum TA x, which is basically the maximum round-trip time and depends on the cell radius. When the sensing window for PRACH of the second UE overlaps with PUSCH of the first UE, or mathematiclally, when
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PUSCH/PUCCH transmission will block PRACH transmission for UEs in cell edge. For instance, assuming Rx-Tx switching z=5 μs, the maximum cell radius without blocking issue is 750 m.
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Figure 4 PUSCH transmission blocks PRACH transmission in cell edge
However, note that this is just an example. The actual values of y and z can be different depending on the UE implementation. It is expected there is always a minimum gap that needs to be present at the UE to guarantee Rx-Tx switching. For example, the UE can choose to do a 5 μs measurement (y = 5 μs) in the middle of a CCA slot and leave only 2 μs gap (z = 2 μs) between the measurement window and PUSCH (as long as Rx-Tx switching can complete within 2 μs). For a smaller gap, the blocking issue would occur more often. With a 2 μs gap, the maximum cell radius that can be supported without blocking would be only 300 m.

Observation 2: PUSCH/PUCCH transmission may block PRACH transmission when the cell size is relatively large.
Observation 3: The CCA measurement window duration should not occur in the last few μs before UL transmission.
A simple way to solve the issue is to introduce a fixed TA offset for PRACH. With a moderate offset, the difference in the transmission timing between PRACH and PUSCH/PUCCH can be absorbed by the Rx-Tx switching. Figure 5 shows the example, where the preamble of PRACH is transmitted with a fixed 3 μs timing advance. It can be seen that when the fixed offset is properly chosen, PUSCH transmission does not block PRACH transmission for UEs in cell edge, and PRACH transmission does not block PUSCH/PUCCH for UEs in cell centre, as shown in Figure 6.
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Figure 5 PUSCH transmission does not block PRACH in cell edge with a fixed TA offset for PRACH

[image: image6.emf]Sensing

Rx-Tx

Switching

PUSCH

TA=0μs

Sensing

Rx-Tx

Switching

PRACH TA=3μs

Cell center


Figure 6 PRACH transmission does not block PUSCH in cell centre with a fixed TA offset for PRACH

In order to avoid both types of blocking, the value of the fixed TA offset for PRACH w μs should satisfy:

[image: image7.wmf]xyzwy

wyzy

-++>-+

ì

í

-++>

î

, i.e., 
[image: image8.wmf]xzwz

-<<


As long as
[image: image9.wmf]2

xz

<

, a proper value for the fixed TA offset for PRACH is available to completely to solve this issue. Basically, by using the fixed TA offset for PRACH, the cell radius can be doubled without causing any blocking issue.
Obviously the fixed TA offset value depends on the maximum RTT in a cell (or equivalently cell radius) and the gap duration for Rx-Tx switching. The cell radius depends on the deployment scenarios and is not a fixed value. So it would be necessary to allow the PRACH TA offset value to be configured by the eNB based on the deployment scenarios.
On the gap duration for Rx-Tx switching, as discussed earlier, it depends on the UE implementation and there is no requirement on it for now. But without any knowledge of this value, the eNB would not be able to set the PRACH TA offset properly. So it may be reasonable to set a minimum value for the gap duration in the standards, and this minimum value can take into account both the actual time needed for Rx-Tx switching and the targeted maximum cell radius for LAA. Assuming we want to support a maximum cell radius of 1km for LAA, it would require a minimum gap of 3.33 us.
Proposal 7: A fixed TA offset for PRACH is introduced and it is configured by the eNB. Meanwhile, specify a minimum gap between the end of the measurement window in a CCA slot and the end of the CCA slot.
6
Conclusion
In this contribution, we discuss the design of eLAA PRACH and present our design considerations, considering various regulatory requirements that affect PRACH operation on unlicensed carriers. The following observations and proposal are made.
Proposal 1: LAA-PRACH is based on N repetitions of the legacy PRACH preamble in frequency domain, where N is configurable and ≥ 2.
Proposal 2: For a regular 1ms UL subframe,

· PRACH format 0 is supported with frequency domain repetitions.

· PRACH format 4 is supported with frequency domain repetitions, and it is transmitted on the first three symbols in a subframe (excluding LBT gap).
Proposal 3: N, as part of PRACH configuration, is chosen from the set {2, 4, 8, 10}. The PRB locations for each value of N are pre-defined in the specifications:
	N
	PRB indices for PRACH

	2
	0-5, 90-95

	4
	0-5, 30-35, 60-65, 90-95

	8
	0-5, 10-15, 30-35, 40-45, 60-65, 70-75, 80-85, 90-95

	10
	0-5, 10-15, 20-25, 30-35, 40-45, 50-55, 60-65, 70-75, 80-85, 90-95


Proposal 4: Confirm the working assumption that frequency resource(s), sequence set, and time domain resources are RRC configured. The actual sequence for transmission is dynamically indicated in PDCCH order.
Proposal 5: A PRACH transmission always starts at the 2nd symbol in a configured PRACH subframe.
Proposal 6: The definition of PUSCH interlaces in a PRACH subframe is the same as that in a regular subframe, except that the PRBs used by PRACH are excluded from the corresponding interlaces.
Observation 1: A punctured PUSCH interlace that does not satisfy the 80% channel occupancy requirement may not be allocated to a UE by itself. The eNB, by implementation, could allocate such a punctured interlace together with other full interlace(s).
Observation 2: PUSCH/PUCCH transmission may block PRACH transmission when the cell size is relatively large.
Observation 3: The CCA measurement window duration should not occur in the last few μs before UL transmission.
Proposal 7: A fixed TA offset for PRACH is introduced and it is configured by the eNB. Meanwhile, specify a minimum gap between the end of the measurement window in a CCA slot and the end of the CCA slot.
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