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1. Introduction

At the RAN#70 meeting, the new WI proposal on “enhanced LAA for LTE” (eLAA) was approved [1]. The objective within this WI is to specify UL support for LAA SCell operation in unlicensed spectrum. It is stated in the WID of eLAA that “if needed, specify support for PRACH”.
At the RAN2 #90 meeting, following agreements regarding random access were made [2].

	Agreements
2
Contention based RA is not supported. Only contention free random access is supported on LAA cells if the NW decides to use RA.

3
The handling of preamble transmission dropping from Rel-12 Dual Connectivity is used as baseline for preamble dropping on LAA carriers.


In this contribution, we present our views on PRACH for eLAA UL.
2. Necessity to support PRACH on eLAA
2.1. Necessity to support TAG containing only LAA SCells
It has been agreed in [3] to support LAA deployment scenario 1 where unlicensed small cells are non-co-located with licensed macro cell, as shown in Figure 2-1. In this scenario, UE could have separate uplink timing advance values between unlicensed carriers and licensed carriers. Therefore, it is necessary to support the case with separate TAG containing only LAA SCells. Rel-14 eLAA should be applicable to any deployment scenario supported in Rel-13 LAA and CA.
2.2. Necessity to support random access and PRACH on eLAA SCell
We think that it may be necessary to support PRACH on LAA SCells for uplink timing acquisition based on contention free random access (RA) and it is better to consider possible PRACH design together with other UL eLAA channels for forward compatibility. 
In [4], it was proposed not to support PRACH in LAA SCells considering the small coverage of small cells on the unlicensed frequency.  Although it may be true for cells with very short cell radius, we cannot always assume that LAA SCells in deployment scenario 1 are under this type. In addition, for possible future DC-based LAA deployment, random access and PRACH are essential. Therefore, it is better to design the necessary random access procedure and PRACH structure for eLAA and leave the eNB to decide whether RA is needed on LAA SCells or not.
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Figure 2-1: Unlicensed band is non-co-located with licensed band 
Proposal 1: It is better to design appropriate random access procedure and PRACH structure for eLAA. 
3. PRACH design

In this section, we discuss the RA preamble format and PRACH time-frequency resources for LAA SCells. 
3.1. Random access preamble format
There are five preamble formats in current LTE [5], the first four preamble formats e.g. preamble format 0, 1, 2, 3, with different guard period and preamble length are used to handle medium and large cells. Besides, these preamble formats are applicable to both FDD and TDD. However, for TDD, there is an additional preamble format, preamble format 4 which is transmitted in the UpPTS field of the special subframe. The UpPTS has at most two OFDM symbols, the preamble length and the guard time are much shorter than the first four preamble formats. Therefore, format 4 is applicable to very small cells. Considering the radius of LAA Cells is not large due to the transmission power limitation, short PRACH format like format 0 and 4 would be sufficient for LAA SCells. However, as discussed in latter sections, PRACH transmission needs to meet bandwidth and power density limitations as well as other channels for eLAA. In addition, if wideband PRACH e.g., based on multi-cluster transmission will be multiplexed with other UL channels such as PUSCH, PRACH format would need to be aligned with format of multiplexed UL channel such as PUSCH. So, assuming new preamble formats are required for LAA carriers, the length for the guard period and the preamble sequence should take the supported radius of LAA SCells and detection performance into consideration.
Proposal 2: It is sufficient to have PRACH format targeting short coverage for LAA SCells. 
3.2. PRACH time-frequency resource
Currently, in the time domain, the PRACH resource set and preamble format are determined by the parameter prach-ConfigIndex which is broadcasted in the SIB2 as specified in Table 5.7.1-2 for FDD and Table 5.7.1-3 for TDD [5], where the preamble format and the subframe for RA preamble transmission are indicated. For contention free RA triggered by PDCCH order, eNB allocates one specific PRACH resource by PRACH Mask Index in DCI format 1A for the UE to avoid the collision. In licensed cells, the semi-static PRACH resource set configuration combined with dynamic one PRACH resource indication works well for both FDD and TDD, since the uplink subframe index for FDD and TDD are fixed within one radio frame. However, for LAA SCells, since flexible DL-UL configuration with variable length frame structure is expected to dynamically adapt to DL-UL traffic, the fixed uplink subframes may not exist anymore. Therefore, a new RA configuration for Frame Structure type 3 needs to be introduced. One of the possibilities is to define new table for semi-static configuration. Alternatively, the PRACH transmission information e.g. RA preamble index, preamble format and PRACH time-frequency resource etc. are just dynamically scheduled by the new PDCCH.
In the frequency domain, current PRACH resource continuously occupies a bandwidth corresponding to six resource blocks (RBs) to match the smallest uplink cell bandwidth in which LTE can operate. However, for LAA SCells, the UL transmission by each UE should satisfy bandwidth occupancy and power density constraints according to the regulation requirements in [6]. Therefore, the resource allocation for PRACH in the frequency domain based on multi-cluster (>2) allocation (e.g. RBs/subcarriers spaced uniformly in frequency) for PUSCH can be considered to meet the regulation and to achieve sufficient coverage performance. Besides it also enables PRACH signals to coexist with normal PUSCH signals in the same subframe. However, guard bands for PRACH clusters next to PUSCH may be needed to avoid the data interference to preamble transmission. In addition, whether the multi-cluster PRACH transmission can guarantee the timing estimation accuracy and the detection performance needs further study.　
Besides, similar to PUSCH design, it is also necessary to support frequency-domain multiplexing of multiple UEs’ PRACH transmission in one subframe. One example is illustrated in Figure 3-1.
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Figure 3-1: Example of multi-cluster allocation for PRACH transmission
Proposal 3: For PRACH resources in the time domain, whether introducing a new random access configuration Table for Frame Structure type 3 or dynamically indicating all PRACH resource configurations by PDCCH needs further study.

Proposal 4: For PRACH resources in the frequency domain, 
· it is necessary to support frequency-domain multiplexing of multiple UEs’ PRACH transmission in one subframe;

· the resource allocation should be based on that for PUSCH transmission. Whether the multi-cluster PRACH transmission can guarantee the timing estimation accuracy and the detection performance needs further study. 
4. Channel access framework for PRACH
Although short PRACH format for eLAA is sufficient, LBT is still required before PRACH transmission considering some regional regulation such as in Japan. Timely acquisition of uplink timing is very important since other uplink transmission can be performed only after uplink timing is established. Therefore, LBT mechanism for PRACH should be designed so as to achieve good balance between successful transmission probability and interference to other systems. Fast channel access procedure similar as that for DRS without PDSCH can be considered. For example, a single idle observation interval of at least x us e.g. x=25 allows the start of a PRACH transmission which facilitates multiplexing multiple UEs’ PRACH transmission. Besides, energy detection threshold should be set considering that whether the absence of any other technology sharing the carrier can be guaranteed on a long term basis or not. 
Proposal 5: Fast channel access mechanism similar to that for DRS is preferred for PRACH transmission.
5. Possible enhancements to random access for eLAA UL 
Even if fast channel access for PRACH transmission is specified, LBT busy still occurs and prevents PRACH transmission on unlicensed carrier. In this case, it is recommended in [5] that the handling of preamble transmission dropping from Rel-12 Dual Connectivity can be used as baseline: PHY informs MAC of RA preamble dropping and accordingly, MAC does not increase preamble transmission counter and preamble transmission power. However, the UE MAC may keep transmitting RA preamble on one “always busy” unlicensed carrier even if the timing advance can be obtained by transmitting PRACH on another available unlicensed carrier within the same Timing Advance Group (TAG). Therefore, some enhancements besides designing the proper LBT parameters to increase PRACH transmission opportunities are needed. Following two options can be considered.
Option 1: Per-unlicensed carrier transmission of random access preamble.
This option is similar to current random access procedure in LTE with the difference that multiple random access procedures can be performed on multiple unlicensed carriers within the same TAG. Since the availability of the unlicensed carriers cannot be ensured, to increase PRACH transmission opportunities, it is preferable to trigger multiple RA preamble transmissions on PRACH resources which are staggered in the time domain on these unlicensed carriers. Once one successful random access response (RAR) is detected by UE, the UE uses the TA indicated by the RAR for all unlicensed carriers within the TAG and stops transmitting preambles on other unlicensed carriers. One example is illustrated in Figure 5-1.
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Figure 5-1: Example of per-unlicensed carrier transmission of RA preamble
Option 2: Cross-unlicensed carrier transmission of random access preamble.
Different from option 1 that separate random access procedure is performed on separate unlicensed carrier, option 2 allows one random access procedure shared across unlicensed carriers within the same TAG as shown in Figure 5-2. PRACH resources are also staggered in the time domain on the unlicensed carriers. UE performs LBT on the unlicensed carrier which has the earliest PRACH resource. If LBT busy occurs, UE performs LBT on next unlicensed carrier until finding one LBT-idle carrier to transmit the RA preamble. After transmission the preamble, UE tries to decode RAR during the RAR window on this carrier and stops transmitting preambles on other carriers. If the RAR is successfully received by UE, the UE will use the TA indicated by the RAR for all unlicensed carriers within the TAG; otherwise UE resumes the cross-unlicensed carrier transmission of RA preamble, e.g. performs LBT on the next unlicensed carrier having the earliest PRACH resource. 
[image: image4.png]TAG2

Preamble for CC1

PDCCH order \/

Unlicensed CC1

\

Preamble for CC1

Successful RAR detected

bty

LBT busy LBT idle AR window
Preainble for CC2
Unlicensed S_ |
cc2 LBT busy StopRAonC
Preambl for CC3
L Unlicensed
cc3 1

LBT busy

Stop RAon CC3




Figure 5-2: Example of cross-unlicensed carrier transmission of RA preamble
Proposal 6: Some enhancements to increase the PRACH transmission opportunities can be considered. 
6. Conclusion 

In this contribution, we have discussed on PRACH design for eLAA UL. We made the following proposals. 

Proposal 1: It is better to design appropriate random access procedure and PRACH structure for eLAA. 
Proposal 2: It is sufficient to have PRACH format targeting short coverage for LAA SCells. 
Proposal 3: For PRACH resources in the time domain, whether introducing a new random access configuration Table for Frame Structure type 3 or dynamically indicating all PRACH resource configurations by PDCCH needs further study.

Proposal 4: For PRACH resources in the frequency domain, 

· it is necessary to support frequency-domain multiplexing of multiple UEs’ PRACH transmission in one subframe;

· the resource allocation should be based on that for PUSCH transmission. Whether the multi-cluster PRACH transmission can guarantee the timing estimation accuracy and the detection performance needs further study. 

Proposal 5: Fast channel access mechanism similar to that for DRS is preferred for PRACH transmission.
Proposal 6: Some enhancements to increase the PRACH transmission opportunities can be considered. 
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