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1 Introduction

In RAN 70 meeting, the work item on enhanced LAA has been approved [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]
· The work item should also specify base station and UE core requirements of 5 GHz spectrum to support the above features [RAN4, RAN1]

· Complete support for 10 MHz system bandwidth as an LAA SCell [RAN4]

In this contribution, we discuss the issues of PRACH. First of all, the necessity of supporting PRACH transmission on unlicensed Scells is analyzed. Then, the potential enhancement of PRACH is discussed.  

2 Discussion  
2.1 Necessity of PRACH on unlicensed band   
As specified in LAA TR [2], LAA deployment scenarios encompass scenarios with and without macro coverage, both outdoor and indoor small cell deployments, and both co-location and non-co-location (with ideal backhaul) between licensed and unlicensed carriers. In scenario 1, the aggregated LAA Scells could be non-co-located with licensed Pcell. Consequently, LAA Scell and the licensed Pcell/Scells may belong to different timing advance group (TAG). In the case that a TAG is composed of only LAA Scells, e.g., a macro cell operating in licensed band and clusters of many small cells operating in unlicensed band distributed within the macro coverage, it may be needed to support separate PRACH transmission on licensed and unlicensed band to establish uplink synchronization for macro and small cells respectively. 
Some company may argue that the typical transmit power on unlicensed cells in 5GHz is quite low, thus the coverage would be small enough to simply reuse the DL timing as the initial uplink timing. However, it is noted that not all the carriers in 5GHz band is restricted by such low transmit power. Therefore, at least the flexibility to enable RACH-based uplink timing acquisition should be supported. 
Furthermore, eNB could not only acquire the initial UL timing by PRACH, but also could perform proper close-loop power control of PUSCH based on the received quality of PRACH.  Without the reference power of PRACH, open-loop power control is applied simplely based on DL pathloss. It may lead to either the failure of first several PSUCH transmission or unnecessary power waste which may increase the interference. Last but not least, the support of PRACH for LAA Scells is also beneficial for forward compatibility, e.g., dual-connectivity based LAA in the future. 
Observation 1: For non-co-located LAA deployment scenario, it would be needed to support PRACH transmission on LAA Scells to facilitate both initial UL synchronization and initial UL power control. 
Proposal 1: PRACH transmission on unlicensed LAA Scells needs to be studied in Rel-14 eLAA WI. 
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Figure 1 non-collocated scenario 1 for LAA 
2.2 Potential enhancement of PRACH 
Following existing RACH procedure for multi-TAG case, contention free RACH procedure is applied. UE shall transmit PRACH in the first subframe 
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, where a PRACH resource is available, if a random access procedure is initiated by a PDCCH order in subframe n. Unfortunately, the PRACH transmission in certain subframe could not be guaranteed on unlicensed Scells due to LBT. If the channel is busy, PRACH transmission should be dropped. The whole RACH procedure will be delayed. And even worse, potential UL transmissions on all UL carriers within the same TAG would be delayed. 
Observation 2: PRACH transmission based on LBT would result in higher latency for RACH procedure. 
To reduce the undesirable latency, methods to increase the transmission opportunity should be studied. For example, multiple PRACH opportunities in multiple subframes or on multiple Scells in the same TAG by one PDCCH order could be considered. Another possible way is to adopt higher LBT priority of PRACH. LBT-exempted PRACH transmission would be problematic in some regions, such as Japan.

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 should be met at the same time. Instead of mapping consecutively in six PRBs, PRACH should be scattered over a larger bandwidth. Similar principles of new waveform applied to PUSCH or SRS could be used.
It is noted that Random access response (RAR) may need no enhancement. By reusing existing mechanism, RAR is sent on the Pcell that is always a licensed carrier. Then, RAR transmission/reception is not subject to LBT.  

Proposal 2: Methods to increase the PRACH transmission opportunity as well as PRACH waveform should be studied, if PRACH is to be supported on unlicensed Scells. 
3 Conclusions
Based on the discussion above, we have the following observations and proposals:

Observation 1: For non-co-located LAA deployment scenario, it would be needed to support PRACH transmission on LAA Scells to facilitate both initial UL synchronization and initial UL power control. 

Observation 2: PRACH transmission based on LBT would result in higher latency for RACH procedure. 
Proposal 1: PRACH transmission on unlicensed LAA Scells needs to be studied in Rel-14 eLAA WI. 
Proposal 2: Methods to increase the PRACH transmission opportunity as well as PRACH waveform should be studied, if PRACH is to be supported on unlicensed band.
References
[1] RP-152266, “New Work Item on enhanced LAA for LTE”, Ericsson.
[2] TR 36.889, “Study on Licensed-Assisted Access to Unlicensed Spectrum”. 
PAGE  
2

_1316461015.unknown

_1316461040.unknown

