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1 Introduction

In RAN1 #84 meeting [1], the following agreements on the PRACH have been made:

Agreements:
· 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 this contribution, we discuss PRACH design for LAA, including structure of PRACH.

2 Discussion on PRACH PRBs allocation
6 PRBs for each set of PRACH resource

PRACH waveform is another issue to be investigated. The Occupied Channel Bandwidth requirement by ETSI should be satisfied. The constraints of maximum transmit power and power spectral density (PSD) should be met at the same time. Instead of mapping consecutively in 6 PRBs, PRACH should be scattered over a larger bandwidth. In order to scatter 6 PRBs for PRACH, the following method can be considered.

In current LTE system, at most 6 sets of PRACH resources (in TDD) are supported within a subframe in [2]. The following Equation 0 can be used for resources allocation.
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          Equation 0
For reusing the current technology to the most extent and for reducing standard effort, some minor revision is applied to Equation 0 to achieve scattered PRBs for PRACH as the following Equation 1.
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       Equation 1
In there, the 
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 can be signalled in RRC or DCI signaling. The K is the PRB spacing for nearby odd (or even) cluster number for the same order of PRB with a unit of PRB. For example, the K is the spacing between the first PRB in cluster 1 and cluster 3. It can be fixed or configurable.

The 
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 is the cluster number. It is determined by the number of required clusters. For 6 PRBs of a PRACH resource, the range of 
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is 0~5.

The 
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 is the index of the first PRB within a cluster (in range of whole system bandwidth). Each cluster has 6 contiguous PRBs.

The nth PRB of each cluster is selected as a set of PRACH resource. The value of n can be fixed or signaled.

For example, in the following Figure 1, 
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, the value of 
[image: image11.wmf]RA

C

 are 0, 2, 4, 5, 3, 1. K=16. According to Equation 1 above, the value of 
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 are 4, 20, 36, 58, 74, 90. The PRB indices for each cluster are 4~9 for cluster 0, 20~25 for cluster 2, 36~41 for cluster 4, 58~63 for cluster 5, 74~79 for cluster 3, 90~95 for cluster 1.

After that, the nth PRB of each cluster is selected as a set of PRACH resource. The value of n can be broadcast or unicast. For example, the first PRB of each cluster is selected as a set of PRACH resource, then the corresponding PRB indices are 4, 20, 36, 58, 74, 90.
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Figure 1: An example, 6 PRBs for each set of PRACH resource
In Equation 1, the number of PRB for each set of PRACH resource is not required to increase. It is just for distribution. The corresponding sequence is not required to modify.
12 PRBs for each set of PRACH resource

The number of PRBs for each set of PRACH resource can be adjusted by configuring the K values. For example, when the K value is 8, each set of PRACH resource includes 12 PRB. In this case, corresponding to the number of clusters is 12. If each set of PRACH resource includes 12 PRBs, we propose that signal of existing set of PRACH resource included 6 PRBs can be sent repeatedly. 
For example, in the following Figure 2, 
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 are 0, 2, 4, 6, 8, 10, 11, 9, 7, 5, 3, 1. K=8. According to Equation 1 above, the value of 
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 are 2, 10, 20, 28, 36, 44, 52, 60, 68, 76, 84, 92. The PRB indices for each cluster are 2~7 for cluster 0, 10~15 for cluster 2, 20~25 for cluster 4, 28~33 for cluster 6, 36~41 for cluster 8, ... , 92~97 for cluster 1.
After that, the nth PRB of each cluster is selected as a set of PRACH resource. The value of n can be broadcast or unicast. For example, the first PRB of each cluster is selected as a set of PRACH resource, then the corresponding PRB indices are 2, 10, 20, 28, 36, 44, 52, 60, 68, 76, 84, 92.
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Figure 2: An example, 12 PRBs for each set of PRACH resource
Proposal 1: Equation 1 can be adopted as resource allocation for LAA PRACH.

3 Discussion on structure of PRACH
· Location of CCA for PRACH 
The location of CCA for PUSCH had been discussed in RAN1#84 meeting and later e-mail reflector. The possible locations of CCA for PUSCH are as the following.

Option1: One or more SC-FDMA symbols in ahead of a subframe.

Option2: One or more SC-FDMA symbols at the end of a subframe.

To simplify the design of PRACH and take no impact on PUSCH transmission from other UE, it is recommended that the location of CCA for PRACH is the same to that of PUSCH.

Proposal 2: The location of CCA for PRACH is the same to that of PUSCH.

· Type of CCA for PRACH
In general, the uplink synchronization of a UE might be lost if the PRACH were requested. If the uplink synchronization of a UE were lost, then the PRACH should be transmitted immediately for preparation of later data transmission. Hence, to improve the probability of successful CCA of PRACH, the CCA for PRACH should be similar to that of DRS. For example, after a duration of idle in 25uS, the PRACH can be transmitted. Several CCA attempts (each of 25uS) can be permitted. Once one of them is successful, the UE can transmit the PRACH.

Proposal 3: The PRACH can be transmitted after a duration of idle in 25uS. 

· Format of PRACH
Due to the smaller cell sizes of most LAA deployments, preamble durations of up to 1 ms should be sufficient in terms of UL timing estimation performance. Therefore, the existing preamble formats 0 and 4 are reasonable starting points for LAA PRACH preamble design. 

Obviously, when the last subframe of a DL burst is a partial subframe, the rest two (or more) symbols can be used for PRACH. Under this circumstance, the PRACH format 4 can be reused. It will reduce standard effort. Obviously, if the PRACH format 4 was used in the integrated uplink subframe, it will need more standardization. We recommend that PRACH format 0 should be studied as a starting point, e.g. consider to be reused or optimized in integrated uplink subframe, to reduce the standardization work.
Proposal 4: When the last subframe of a DL burst is a partial subframe, the PRACH Format 4 can be reused. For other cases, the PRACH Format 0 can be the baseline.

If the Option1 above were adopted, then the structure of the PRACH Format 0 should be modified because the location of CCA is in the first symbol of a subframe. The modification is necessary to complete the transmission of the PRACH Format 0. The existing PRACH Format 0 is consisted of CP+Tseq+GT with a total duration of 1ms (30720*Ts) as the following Table 1.

Table 1: Duration of the PRACH Format 0

	Preamble format
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With analyze of CCA type for PRACH, the simplest way for PRACH is that it starts at the second symbol. For example, in the following Table 2, the new PRACH Format 5/6/7 can be candidates for PRACH in LAA. In there, the length of CP and/or GT is reduced with respect to the Format 0, but the sequence of PRACH format 0 be reused. Obviously, the length of new CP/GT is sufficient for the coverage of PRACH in LAA.

Format 5: 
Relative to the format 0, CP and GT of format 5 are respectively reduced 1096Ts (half of the OFDM symbol length). Format 5 should be transmitted from the second symbol in the subframe, so, sequence of PRACH format 0 can be reused, and the first symbol in the subframe is reserved for UL CCA.
Format 6: 
Relative to the format 0, GT of format 6 are reduced 2192Ts (one OFDM symbol length). Format 6 should be transmitted from the second symbol in the subframe, so, CP and sequence of PRACH format 0 can be reused, and the first symbol in the subframe is reserved for UL CCA.
Format 7: 
Relative to the format 0, CP of format 6 are reduced 2192Ts (one OFDM symbol length). Format 7 should be transmitted from the second symbol in the subframe, so, GT and sequence of PRACH format 0 can be reused, and the first symbol in the subframe is reserved for UL CCA.
Table 2: New PRACH formats for LAA
	Preamble format
	CCA
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After the CCA is successful, the UE can transmit reservation signal till the end of the first symbol. After that, it start PRACH transmission. In there, the reservation signal can be some samples copied from PRACH.
If the Option2 above were adopted, then the PRACH Format 0 can be reused without any revision.
Proposal 5: If the location of CCA for PRACH is in the first SC-FDMA symbol of a subframe, then one of the PRACH formats listed in Table 2 above is selected as the PRACH format for UL LAA. If the location of CCA for PRACH is in the ending SC-FDMA symbols of a subframe, then PRACH Format 0 is reused.

4 Subframe configurations for PRACH of eLAA
The configuration for UL/DL subframe is very flexible in eLAA. For example, it is determined after a successful CCA/LBT of an eNB. If the existence subframe configurations for PRACH (e.g., Table 3 for FDD [2]) were applied for eLAA, then, how do an eNB and a UE determine the actual subframe for PRACH?

When a PDCCH order is received by a UE, the UE (and the eNB) determine(s) the actual subframe for PRACH according to the Table 3 above with the following one of two rules.

Alt 1: For an unlicensed SCell, if one subframe is determined as the subframe for PRACH according to Table 3 above and this subframe is not configured as a DL subframe during its TXOP, then the subframe can be used for PRACH transmission.

In there, the subframe for PDSCH and the subframe for DRS are included in the DL subframe.

Alt 2: For an unlicensed SCell, if one subframe is determined as the subframe for PRACH according to Table 3 above and this subframe is the last DL subframe during its TXOP, then the UE determines whether this subframe can be used for PRACH transmission or not:

The UE had received a PDCCH order and the last DL subframe is a DL partial subframe and more than two symbols are available in this DL partial subframe, then a configuration of PRACH Format 4 is assumed in this subframe (on available symbols).
Table 3: Frame structure type 1 random access configuration for preamble formats 0

	PRACH Configuration
Index
	Preamble
Format
	System frame number
	Subframe number

	0
	0
	Even
	1

	1
	0
	Even
	4

	2
	0
	Even
	7

	3
	0
	Any
	1

	4
	0
	Any
	4

	5
	0
	Any
	7

	6
	0
	Any
	1, 6

	7
	0
	Any
	2 ,7

	8
	0
	Any
	3, 8

	9
	0
	Any
	1, 4, 7

	10
	0
	Any
	2, 5, 8

	11
	0
	Any
	3, 6, 9

	12
	0
	Any
	0, 2, 4, 6, 8

	13
	0
	Any
	1, 3, 5, 7, 9

	14
	0
	Any
	0, 1, 2, 3, 4, 5, 6, 7, 8, 9

	15
	0
	Even
	9


Proposal 6: The subframe configurations for PRACH format 0 for FDD can be reused.

Proposal 7: For the subframe configurations for PRACH Format 0 (or 5/6/7 in table 2), the UE and eNB have an assumption that those subframes selected from those for PRACH transmission but not for DL transmission are used as subframe(s) for actual PRACH transmission.
5 Conclusion
In conclusion, we have the following proposals.

Proposal 1: Equation 1 can be adopted as resource allocation for LAA PRACH.

Proposal 2: The location of CCA for PRACH is the same to that of PUSCH.

Proposal 3: The PRACH can be transmitted after a duration of idle in 25uS. 

Proposal 4: When the last subframe of a DL burst is a partial subframe, the PRACH Format 4 can be reused. For other cases, the PRACH Format 0 can be the baseline.

Proposal 5: If the location of CCA for PRACH is in the first SC-FDMA symbol of a subframe, then one of the PRACH formats listed in Table 2 above is selected as the PRACH format for UL LAA. If the location of CCA for PRACH is in the ending SC-FDMA symbols of a subframe, then PRACH Format 0 is reused.
Proposal 6: The subframe configurations for PRACH format 0 for FDD can be reused.

Proposal 7: For the subframe configurations for PRACH Format 0 (or 5/6/7 in table 2), the UE and eNB have an assumption that those subframes selected from those for PRACH transmission but not for DL transmission are used as subframe(s) for actual PRACH transmission.
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