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1 Introduction

Contention-free PRACH transmission is to be supported for LAA in Rel-14 based on the agreements from RAN1#84

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

This contribution considers aspects for contention-free PRACH transmission for LAA.
2 PRACH Waveform 
Although the exact UL waveform for different channels/signals in LAA is currently FFS, in RAN1#84 it was agreed that at least RB-level multi-cluster transmission (>2) is supported for eLAA PUSCH. The reason is to allow for improved coverage while fulfilling a maximum 10 dBm/MHz (or 11 dBm/MHz) PSD regulatory requirement.

Non-contention based PRACH in LAA is needed to enable a UE to synchronize to an LAA SCell when the LAA SCell is not collocated with licensed cells and a respective SCG requires a different TAG than the PCG. Depending on the reservation signal design, a TA may also be used to align the start of LBT for different UEs or to define gaps for eNB LBT prior to a DL subframe boundary. 

PRACH needs to be able to provide time accuracy in the range of 1 sec (e.g. for TDD the requirement is for synchronization of +/-1.5 sec). Even tighter requirements, such as +/-0.5 sec, may be needed for LBT or if positioning/eMBMS/CoMP are also to eventually apply. Rel-13 PRACH transmission over 6 RBs can, in theory, provide a one-shot timing accuracy of +/-0.5 sec. In practice, and considering UEs with low SINR, the 99.9% CDF point allows for timing accuracy within +/-1.5 sec that is nevertheless sufficient for PUSCH/PUCCH multiplexing from different UEs and well within the CP. 

PRACH transmissions in LAA should achieve at least a same level of accuracy as legacy PRACH transmissions on the PCell. However, if PRACH is transmitted in a frequency interleaved manner, with each interleaved element 1 RB, and considering that the channel cannot be guaranteed to be constant over substantially the whole system bandwidth, timing will need to be obtained per RB and a resulting accuracy will be about 6x worse than for a legacy PRACH. This was also verified during the NB-IoT studies and it was one of the reasons for adopting a longer CP length. 
Observation 1: A PRACH transmission needs to occupy 6 consecutive RBs. 

Regarding frequency coherence, for the ETU channel r.m.s delay spread of =1 sec, the 50% and 90% coherence bandwidths are respectively 1/(5) and 1/(50) or 200 KHz and 20 KHz while for the EPA channel r.m.s delay spread of =0.05 sec, the 50% and 90% coherence bandwidths are respectively 4 MHz and 400 KHz. It can therefore be observed that if the PRACH RBs are placed over the whole bandwidth or even some of them are separated by 1 MHz or more, it is not possible to do frequency interpolation. The eNB receiver will need to cross-correlate the ZC sequence of the RA preamble on a per RB basis and it is not possible to get the required timing accuracy. Regarding time coherence, using Clarke’s model for a Doppler frequency of 
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. For a UE speed of 30 Kmph, the 50% channel coherence time is ~1.7 msec while the minimum sampling interval (in theory) to reconstruct the channel is 
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 or 3 msec. 

For cell radius up to 1.4 Km, PRACH format 4 can be used. Transmission can be in 2 symbols and the UpPTS part of the partial UL subframe can be used. However, as PRACH needs to be transmitted over 6 consecutive RBs, whenever regulatory requirements need to be satisfied, the maximum PSD needs to be in the range of 10 dBm/MHz and this can significantly limit coverage even for small cell sizes due to shadowing (no free-space path-loss). The simplest approach is to take the penalty on the coverage loss per individual transmission and rely on repetitions to gain back the coverage loss as in Figure 1. With 6 repetitions (~8 dB gain) over the subframe (to allow for CCA and possibly SRS transmission in a normal subframe) and 3-4 dB gains from frequency diversity even for quasi-stationary UEs and the EPA channel (based on evaluations for Rel-13 eMTC UEs, e.g. [1-3]), the coverage loss from the transmit power limitation is practically balanced. It is noted that with repetitions of a PRACH format 4 transmission, the effective duration of PRACH format 4 becomes the same as for PRACH format 0 and the same channel access priority class can apply. It can also be considered to support PRACH format 4 repetitions over half subframe to allow for additional LBT opportunity at the expense of 3 dB coverage loss.   


[image: image4]
Figure 1: PRACH Format 4 Transmission Hopping in blocks of 6 RBs.

The approach in Figure 1 sacrifices spectral efficiency for the sake of a simple structure. However, as contention-free PRACH transmissions are not expected to be frequent and they can occur in any cell from a large number of unlicensed cells (in same TAG), overhead per cell is minimal and the most important consideration is to provide sufficient coverage and sufficient time estimation accuracy. Moreover, as the main motivation for contention-free PRACH is not for synchronization in small cells (DL timing could be used in such cases) but rather to allow UL LAA operation in cells with sizes larger than ~1.4 Km, the longer PRACH formats, and in particular PRACH Format 0, should be the main design consideration (PRACH Format 4 may even not be considered for contention-free based access). 

As PRACH Format 0 is transmitted over one subframe or, for a modified PRACH format 0, over approximately one subframe once the observation interval for LBT is decided, it is desirable to keep RE spacing at 1.25 KHz to maximize sequence length (keep at 800 microseconds) and coverage. This is also largely avoids duplicate designs for licensed and unlicensed cells. Nevertheless, for a PRACH transmission over 13 subframe symbols, CP and GT durations will need to be reduced and therefore the supportable cell size will be smaller than on a licensed carrier (e.g. ~10 Km vs. 14 Km). Furthermore, particularly for even smaller PRACH durations, a RE spacing of 2.5 KHz can be considered to support much larger cell sizes but at the same time take a ~3 dB coverage loss.

Similar to PRACH format 4, coverage enhancements are required due to the PSD constraint. These enhancements can be obtained from repetitions in the frequency domain, the associated frequency diversity gains and, despite the contention based access, by repetition in the time domain when needed. For example, a repetition of a PRACH transmission in the frequency domain can result to 6-7 dB gains (3 dB due to the repetition and 3-4 dB due to frequency diversity) and be sufficient for most UEs. Other UEs can require more repetitions and, at the limit, transmit repetitions over the entire bandwidth to exploit the maximum transmission power and, despite a CM increase and PA back-off, achieve better coverage than on a licensed cell due to the frequency diversity gains. Figure 2 shows a PRACH transmission in a subframe with 2 repetitions over 6 respective RBs.  
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Figure 2: PRACH transmission with 2 repetitions in the frequency domain. 
Proposal 1: A PRACH transmission on an unlicensed carrier is over 6 consecutive RBs – no new PRACH waveforms are introduced. 
Proposal 2: PRACH coverage enhancements are supported by repetitions of a PRACH transmission in the frequency domain – FFS in the time domain. 

3 Conclusions

This contribution considered aspects for PRACH transmission on an unlicensed carrier and proposes the following. 

Proposal 1: A PRACH transmission on an unlicensed carrier is over 6 consecutive RBs – no new PRACH waveforms are introduced. 

Proposal 2: PRACH coverage enhancements are supported by repetitions of a PRACH transmission in the frequency domain – FFS in the time domain. 

References:

[1] R1-150347, “PUSCH/PDSCH Coverage Enhancements for Rel-13 Low Cost UEs”, Samsung

[2] R1-144664, “PRACH enhancement for MTC”, Intel

[3] R1-144999, “PRACH Enhancement for MTC”, Nokia Networks















































































































































































































































































































Cluster 0





Cluster 1





Cluster 2





RE mapping





IFFT





RA Preamble





Cluster 3





Cluster 4





Cluster 5





RA Preamble Format 4





Cluster 0





Cluster 1





Cluster 2





Cluster 3





Cluster 4





Cluster 5





Cluster 0





Cluster 1





Cluster 2





Cluster 3





Cluster 4





Cluster 5





One Subframe





.  .  .





Cluster 0





Cluster 1





Cluster 2





Cluster 3





Cluster 4





Cluster 5





. 


.


.








PAGE  
3

_1519561999.unknown

_1519564969.unknown

_1520119345.vsd
Text


.
.
.


System Bandwidth


1



_1519561948.unknown

