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1. Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK6][bookmark: OLE_LINK7]The eLAA work item was approved in RAN #70[1]:
The detailed objectives of the work item are to specify support for the following functionalities:
· UL carrier aggregation for LAA SCell(s) (with one or more UL carriers in unlicensed band) using Frame Structure type 3 [RAN1, RAN2, RAN4]
· The channel access mechanism shall use the decisions made in RAN1 during Rel-13 as a starting point
· Specify support for PUSCH and SRS
· Support both self-scheduling and cross-carrier scheduling from licensed spectrum.
· If needed, specify support for PUCCH [RAN1]
· If needed, specify support for PRACH [RAN1]

In RAN1 #80bis, the following were agreed: 
For PUSCH, extending the current single and dual cluster allocation to multi-cluster (>2) allocation (e.g. RBs/subcarriers spaced uniformly in frequency) is identified as a candidate waveform that satisfies regulatory requirements and maximizes coverage
· FFS: Number of clusters needed
· FFS: Size of each cluster
· FFS: Spacing between clusters or subcarriers

In RAN1 #84bis, the following were agreed:

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


There are requirements on the occupied channel bandwidth and power density for unlicensed carrier access in Europe [2]. Some requirements are shown below
· The occupied channel bandwidth shall be between 80 % and 100 % of the declared nominal channel bandwidth. 
· During an established communication, a device is allowed to operate temporarily in a mode where its occupied channel bandwidth may be reduced to as low as 40 % of its nominal channel bandwidth with a minimum of 4 MHz. 
The occupied channel bandwidth is defined as the bandwidth containing 99 % of the power of the signal. The nominal channel bandwidth is the widest band of frequencies inclusive of guard bands assigned to a single channel (at least 5MHz). 

In RAN1 84bis, several contributions on eLAA PRACH waveform design were discussed [5][7].

A working assumption was reached in RAN1 84bis concerning PRACH resource 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 provide our views on PRACH waveform design for eLAA and also discuss the working assumption concerning PRACH configuration in RAN1 84bis.
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From the agreements in RAN1 #84bis, PRACH  can be used for  non-contention based RACH on an LAA carrier. 

Waveform design 

In LTE, PRACH formats 0-3 are defined with a 839-point ZC sequence with a carrier spacing at 1.25 KHz, in contrast PRACH format 4 is defined with 139 point ZC sequence with a carrier spacing at 7.5 KHz. In all cases, PRACH occupies contiguous tones and takes roughly 1.08 MHz, which obviously does not meet Europe's regulation on occupied channel bandwidth. 

Alternative 1:
From the consideration that interlaced PUSCH needs to be introduced in eLAA, the uplink spectrum is rather fragmented. If PRACH needs to share resource with PUSCH, then it seems necessary to define PRACH on resource interlace(s) as shown below. If sequence design over one or more resource interlaces which leads to a good timing resolution can be identified, then that leads to a solution compatible with the design for PUSCH/PUCCH. 

Alternative 2:
In the case that placing PRACH over selected resource interlaces is difficult, we can consider a PRACH for eLAA design (LAA-PRACH in the following) with multiple segments in the time/frequency plane in a subframe, and each segment  uses the PRACH format 4 waveform as a building block, in one subframe, multiple occasions of the PRACH format 4 waveform transmissions in both time and frequency can be used. The benefits of using PRACH format 4 waveform include specification effort and leverage of existing implementation. 

 


[image: ]
Figure 1 One segment in a multiple segment PRACH definition

In figure 1, one segment of the LAA-PRACH is shown. One segment is used to take 2 OFDM symbols, as the first OFDMA symbol in a slot is longer than the rest symbols in the slot, depending what symbols are covered by one segment, the duration of one segment can be slightly different, e.g.  a segment over symbols 0 and 1 uses a cyclic prefix at 464 Ts and a segment over symbols 2 and 3 uses a cyclic prefix at 448 Ts. In total, 7 segments can be used to cover the 14 OFDMA symbols in a subframe.  

The sequence to generate a segment can be the 139 point ZC sequence as used in PRACH format 4.

To meet the occupied channel bandwidth requirements, frequency hopping is applied to segments in a subframe so they can be spread in the channel bandwidth.  The frequency hopping pattern can be generated according to Cell-ID, slot index, channel bandwidth, and the number of resource interlaces in the channel bandwidth.

If putting segments at the top and at the bottom of the channel bandwidth is enough to meet the occupied channel bandwidth requirements (e.g. segments 1,3,5,7 sit at the top, segments 2,4,6 sit at the bottom), such a solution should be considered.

In the design of the frequency hopping patterns, two approaches can be taken: in one approach, segments are placed on a small number of resource interlaces so eNB can handle interference more effectively by scheduling robust MCS levels to affected UEs. 

In another approach, segments are spread out over as many resource interlaces as possible so to randomize the interference.

[image: ]
Figure 2 PRACH design with multiple segments


To avoid interference to PUSCH's DMRS, depending on the channel access assumption for PRACH, it may be possible to leave some gaps in the time domain between segments, e.g. symbols with DMRS (i.e. symbols 3 and 10 in each subframe) are skipped over, only 5 segments to cover symbols {0,1}, {4,5},{6,7},{8,9},{12,13} in a subframe.


We note for Alterative 2, PRACH's duration for eLAA is up to 1 millisecond.

Alternative 3:

It is also possible to have an LAA-PRACH in two or more subframes by using inter-subframe hopping, which can be also treated as multiple segment transmission with each segment occupying a subframe. Each segment can be based on PRACH format 0 with some modification: as PRACH format 0's duration is less than 1 millisecond, adopting that without modification can lead to some CCA issues. 

[image: ]
Figure 3 Modified PRACH format 0
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Figure 4 PRACH design with inter-subframe hopping


In either case, interference between LAA-PRACH and PUSCH/PUCCH can happen, then it is up to eNB to mitigate the interference, e.g. using advanced inteference cancellation, scheduling UEs with robust MCS levels so PUSCH is insensitive to interference from PRACH, adopting power control for PUSCH so PUSCH's interference to LAA-PRACH is reduced. 

Alternative 4:


In [6][7], an eLAA PRACH design based on repetition of the legacy PRACH waveform in the frequency domain was proposed.  One illustration is provided below.



Figure 5 Alt. 4: repetition of PRACH format 0 in the frequency domain

The PAPR of the proposed eLAA PRACH [7] can be high. Considering that, phase shifts can be applied to each component waveform, and a modified Alt. 4 is shown below



 
In the following we consider the phase shift design to reduce PAPR.



Let  be the repetition factor of the basic waveform to derive the eLAA PRACH. In one example the basic waveform is PRACH format 0. We note  can be different for different system bandwidths, and also different depending whether there are regulations on occupied channel bandwidth in a region. Then the eLAA PRACH is given by


	




where  is a phase shift to reduce the PAPR of the eLAA PRACH, and  is the center frequency of the -th copy,  is the basic waveform, e.g. PRACH format 0.



If ’s are evenly spaced, then basically any sequence  lead to small PAPR in its DFT will work. Specifically, the Zadoff-Chu sequence, the GCL sequence etc can be used for  .

In one exmaple, the phase shift at -th copy in the frequency domain is given by


	
or 

	



where  is a number co-prime with , .


Proposal 1: Consider eLAA PRACH design with timing resolution, PAPR and implementation complexity.


3. RACH resource determination


In Rel-13, PRACH resources are configured for a cell through the SIB2 message and dedicated signaling, resources are statically partitioned among PUSCH/PUCCH and PRACH. 
In a PDCCH order, two parameters are provided by eNB:
· Preamble Index  
· PRACH Mask Index, which indicates the index of the PRACH resource to be used in a radio frame. 



Figure 6 PRACH Mask index values, TS 36.321

Following the same design as LTE (shown in Figure 5), if some periodic resources are set aside for RACH in eLAA, then a successful PRACH transmission happens only when LBT for the PDCCH order happens to be successful and LBT for PRACH also happens to be successful at the right time. 


First the static partition of resources between PUSCH/PUCCH and PRACH on some subframes as shown in Figure 5 is not efficient. Second the timing relationship following the legacy design reduces the success rate for PRACH. To address the second issue, one option is to configure many PRACH resources in a radio frame, so a PRACH resource can be determined at any subframe, which does provide a solution for the second issue, yet it makes the situation even worse for the first issue. We propose instead PRACH resources are determined according to the subframe index of a subframe where PRACH starts. If PRACH up to 1 millisecond is specified in eLAA, then PRACH resources can be defined for every subframe; if PRACH up to 2 milliseconds (e.g. Alternative 3) is specified, PRACH resources can be also defined accordingly.  

In another word, PRACH resources are created on the fly that can be triggered by either the PDCCH order or a field in the common PDCCH. And a configuration for so created PRACH resources can be pre-configured to UEs. There is no persistent resource reserved for PRACH transmission. The configuration can include the ZC sequence root sequence index,  size of  zero correlation zone (zeroCorrelationZoneConfig), and frequency hopping parameters for Alt. 2 or Alt.3 including locations for segments in  the frequency domain. 

From the agreement reached in RAN1 84bis on PUCCH, there won't be PUCCH in an eLAA SCell. From that, the frequency location of PRACH does not have any dependence on PUCCH. 

 We have
Proposal 2: PRACH resources are created on the fly through PDCCH order or common PDCCH. And the PRACH resource configuration can be pre-configured to UEs. There is no persistent resource reserved for PRACH transmission.

4. Discussion on PRACH channel access

Consideration on channel access

With non-contention based RACH, the transmission of PRACH is triggered or scheduled by eNB, which is similar to that of PUSCH. From  that, the channel access considerations for PUSCH can be applied to PRACH, e.g. one shot CCA within an eNB's TxOP, Catetory 4 LBT is used if the scheduled transmission is outside the eNB's current TxOP, etc. Please refer to [4] for detailed discussions.

We have 
Proposal 3: eLAA PRACH and PUSCH follow the same channel access scheme.
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5. [bookmark: _Ref129681832]Conclusion
In this contribution, our views are provided on eLAA PRACH design. And we have   
	
Proposal 1: Consider eLAA PRACH design with timing resolution, PAPR and implementation complexity.

Proposal 2: PRACH resources are created on the fly through PDCCH order or common PDCCH. And the PRACH resource configuration can be pre-configured to UEs. There is no persistent resource reserved for PRACH transmission.

Proposal 3: eLAA PRACH and PUSCH follow the same channel access scheme.
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7.3   PRACH Mask Index values   Table 7.3 - 1: PRACH Mask Index values  

PRACH  Mask Index  Allowed PRACH (FDD)  Allowed PRACH (TDD)  

0  All  All  

1  PRACH Resource Index 0  PRACH Resource Index 0  

2  PRACH Resource Index 1  PRACH Resource Index 1  

3  PRACH Resource Index 2  PRACH Resource Index 2  

4  PRACH Resource Index 3  PRACH Resource Index 3  

5  PRACH Resource Index 4  PRACH Resource Index 4  

6  PRACH Resource Index 5  PRACH Resource Index 5  

7  PRACH Resource Index 6   Reserved  

8  PRACH Resource Index 7  Reserved  

9  PRACH Resource Index 8  Reserved  

10  PRACH Resource Index 9  Reserved  

11  Every, in the time domain, even PRACH opportunity   1 st   PRACH  Resource  Index in subframe  Every, in the time domain,   even PRACH opportunity   1 st   PRACH  Resource  Index in subframe    

12  Every, in the time domain, odd PRACH opportunity   1 st   PRACH Resource Index in subframe  Every, in the time domain, odd PRACH opportunity   1 st   PRACH Resource Index in subframe  

13  Reserved  1 st   PRACH Resource Index in subframe  

14  Reserved  2 nd   PRACH Resource Index in subframe  

15  Reserved  3 rd    PRACH Resource Index in subframe  
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Table 7.3-1: PRACH Mask Index values

		PRACH Mask Index

		Allowed PRACH (FDD)

		Allowed PRACH (TDD)



		0

		All

		All



		1

		PRACH Resource Index 0

		PRACH Resource Index 0



		2

		PRACH Resource Index 1

		PRACH Resource Index 1



		3

		PRACH Resource Index 2

		PRACH Resource Index 2



		4

		PRACH Resource Index 3

		PRACH Resource Index 3



		5

		PRACH Resource Index 4

		PRACH Resource Index 4



		6

		PRACH Resource Index 5

		PRACH Resource Index 5



		7

		PRACH Resource Index 6 

		Reserved



		8

		PRACH Resource Index 7

		Reserved



		9

		PRACH Resource Index 8

		Reserved



		10

		PRACH Resource Index 9

		Reserved



		11

		Every, in the time domain, even PRACH opportunity

1st PRACH Resource Index in subframe

		Every, in the time domain, even PRACH opportunity

1st PRACH Resource Index in subframe 



		12

		Every, in the time domain, odd PRACH opportunity

1st PRACH Resource Index in subframe

		Every, in the time domain, odd PRACH opportunity

1st PRACH Resource Index in subframe



		13

		Reserved

		1st PRACH Resource Index in subframe



		14

		Reserved

		2nd PRACH Resource Index in subframe



		15

		Reserved

		3rd  PRACH Resource Index in subframe
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