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1 Introduction

In RAN1 #84b meeting [1], the following working assumptions for the PRACH have been made:

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 discuss PRACH design for LAA, including structure of PRACH.

2 Discussion on structure of PRACH
· CCA for PRACH for LAA
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 clear channel assessment (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 25μS) can be permitted. Once one of them is successful, the UE can transmit the PRACH.

Proposal 1: The PRACH can be transmitted after a duration of idle in 25μS. 

· Format of PRACH for LAA
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 other two symbols can be used for PRACH. Under this circumstance, the PRACH format 4 should be reused. The configuration of frequency resource (s) for PRACH format 4 should be the same as PRACH format 0. It will reduce standard effort. Obviously, if the PRACH format 4 was used in the integrated uplink subframe, it would need more standardization. We recommend that PRACH format 0 should be studied as a starting point, e.g. to be consider reused or optimized in the integrated uplink subframe, to reduce the standardization work.
Proposal 2: 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 should be the baseline.

If the CCA location for PRACH is the first SC-FDMA symbols in a UL subframe, 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 shown in Table 1.

To simplify the design of PRACH and obtain no impact on PUSCH transmission from other UE, it is recommended that one single carrier FDMA (SC-FDMA) symbols in the beginning of a subframe is used for CCA for PRACH.

Obviously, in the integrated uplink subframe, if CCA location for PRACH and PRACH transmission is in the same subframe, then PRACH transmission will not affect transmission of data in the previous subframe. For example, do not need to reserve the last one OFDM symbol for CCA in the previous subframe. In addition, if PRACH transmission was started from the second symbol (CCA is located at the first sign of PRACH) in UL subframe, it is helpful for the UE to detect whether the subframe is a DL subframe by the first symbol.

In the integrated uplink subframe, it should be considered that cyclic prefix (CP) and/or guard time (GT) of the PRACH format 0 is shortened by 1 symbol to provide room for LBT as shown in Table 2.

Table 1: Duration of the PRACH Format 0
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With the analysis of CCA type for PRACH, the simplest way for PRACH is to start 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 can be reused. Obviously, the length of the new CP/GT is sufficient for the coverage of PRACH in LAA.

Format 5: 

Relative to the format 0, CP of format 5 are reduced 2192Ts (one OFDM symbol length). Format 5 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.
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 and GT of format 7 are respectively reduced 1096Ts (half of the OFDM symbol length). Format 7 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.

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 starts PRACH transmission. In there, the reservation signal can be some samples copied from PRACH.
Relative to the format 0, the CP of format 5 was shortened, but mapping rules of format 0 in a UL subframe can be reused. So we prefer format 5 due to minimum modifications.
Observation 1: If CCA location for PRACH and PRACH transmission is in the same subframe, then PRACH transmission will not affect transmission of data in the previous subframe. For example, would not need to reserve the last one OFDM symbol for CCA in the previous subframe.

Observation 2: If PRACH transmission was started from the second symbol (CCA is located at the first sign of PRACH) in the UL subframe, it is helpful for the UE to detect whether the subframe is a DL subframe by the first symbol.

Proposal 3: It should be considered to have CP and/or GT of the PRACH format 0 shortened by 1 symbol to provide room for LBT.
Proposal 4: If the location of CCA for PRACH is in the first SC-FDMA symbol of a UL subframe, then PRACH format 5 in Table 2 is selected as the PRACH format for UL LAA.

3 Subframe configurations for PRACH of LAA
The configuration for UL/DL subframe is very flexible in LAA. 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 LAA, 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 transmission opportunity (TXOP), then the subframe can be used for PRACH transmission.

In there, the subframe for PDSCH and the subframe for discovery reference signal (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 5: The subframe configurations of PRACH format 0 for FDD can be reused for LAA PRACH subframe in time domain.

Proposal 6: 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 are selected from those for PRACH transmission. But not for the DL transmission, they are used as subframe(s) for the actual PRACH transmission.
PRACH transmission window

In LAA carrier, PRACH transmission opportunity has been reduced due to LBT, so we suggest introducing PRACH transmission window for LAA PRACH transmission to provide more LBT opportunities in time domain. If LBT prevents transmission of PRACH in the fixed subframe (indicated subframe by PDCCH order), allow the PRACH to be transmitted in different subframe(s) within the configured PRACH transmission window if LBT succeeds. The eNB shall try to detect PRACH on all these possible locations within the PRACH transmission window.
It is noted that the length of PRACH transmission window should consider the tradeoff between the increased transmission opportunity, the eNB detection complexity and the potential impact on UL channels/signals from other UEs.
Proposal 7: PRACH transmission window can be introduced for LAA PRACH transmission to provide more LBT opportunities in time domain.
4 Conclusion

In conclusion, we have the following proposals.

Proposal 1: The PRACH can be transmitted after a duration of idle in 25uS. 

Proposal 2: 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 should be the baseline.

Observation 1: If CCA location for PRACH and PRACH transmission is in the same subframe, then PRACH transmission will not affect transmission of data in the previous subframe. For example, would not need to reserve the last one OFDM symbol for CCA in the previous subframe.

Observation 2: If PRACH transmission was started from the second symbol (CCA is located at the first sign of PRACH) in the UL subframe, it is helpful for UE to detect whether the subframe is a DL subframe by the first symbol.
Proposal 3: It should be considered to have CP and/or GT of the PRACH format 0 shortened by 1 symbol to provide room for LBT.

Proposal 4: If the location of CCA for PRACH is in the first SC-FDMA symbol of a UL subframe, then PRACH format 5 in Table 2 is selected as the PRACH format for UL LAA.

Proposal 5: The subframe configurations of PRACH format 0 for FDD can be reused for LAA PRACH subframe in time domain.

Proposal 6: 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 are selected from those for PRACH transmission. But not for the DL transmission, they are used as subframe(s) for the actual PRACH transmission.
Proposal 7: PRACH transmission window can be introduced for LAA PRACH transmission to provide more LBT opportunities in time domain.
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