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Discussion/Decision
1 Introduction
In RAN 70 meeting, the work item on enhanced LAA has been approved [1] with following objectives: 
The objective within this work item is to specify UL support for LAA SCell operation in unlicensed spectrum. Standalone operation within unlicensed spectrum is not included. The specification work shall be based on extending the LTE design and in particular the LAA design. The LAA design should allow fair coexistence between Wi-Fi and LAA and fair coexistence between different LAA systems. Coexistence measures should still allow efficient operation of all coexisting technologies. This shall be ensured by following the recommendations and conclusions from the TR on LAA and continuing to consider coexistence for the specification work [2]. 

The core technology should be as much as possible band agnostic. To allow for an efficient design, the enhancements should reuse the features of LTE as much as possible. Forward compatibility should be taken into account so that support for dual connectivity can be specified without significant changes to the design. Duplication of work done in other LTE work items should be avoided.
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 investigate L1 impacts from random access (RA) procedure subject to LBT for current and forward compatible LAA deployment scenarios.
2 Study on RA Procedure for UL LAA
2.1 Brief Summary of RA Procedure
According to Rel-13 specification [3, 4], random access (RA) procedure is briefly described as follows:
There are two types of RA procedure; one is contention-based and contention-free RA. Contention-based RA (CBRA) is triggered for initial access, RRC connection reestablishment, or UL synchronization lost. CBRA is comprised of 4 way handshaking messages including random access preamble (RAP, msg1), random access response (RAR, msg2), connection request message (msg3), and contention resolution message (msg4). Contention-free RA (CFRA) is triggered by eNB for handover or TA update, comprising msg1 and msg2. PCell definitely supports both type of RA procedure.
In case of CA, RA procedure on a SCell supports only CFRA which is initiated by eNB via L1 signalling from PCell or SCell. When different timing advance groups (TAGs) are configured to support non-collocated cells, a UE uses PCell as timing reference in the pTAG (Primary TAG), while the UE may use any of activated SCells of sTAG (Secondary TAG) as timing reference.
2.2 Potential RA Procedure for UL LAA
4 deployment scenarios are specified in LAA TR [1] as follows:
- Scenario 1: Carrier aggregation between licensed macro cell (F1) and unlicensed small cell (F3)

- Scenario 2: Carrier aggregation between licensed small cell (F2) and unlicensed small cell (F3) without macro cell coverage

- Scenario 3: Licensed macro cell and small cell (F1), with carrier aggregation between licensed small cell (F1) and unlicensed small cell (F3)

- Scenario 4: Licensed macro cell (F1), licensed small cell (F2) and unlicensed small cell (F3)
From the RA procedure aspects, it is sufficient to support TA update or DL data arrival by CFRA, initiated by licensed macro cell or licensed small cell. In general cases, first 2 steps of RA procedure are performed at PCell or PSCell via licensed carrier. If licensed cell and unlicensed cell are belonging in two different TAGs respectively, eNB initiates CFRA via scheduling SCell to obtain TA of any SCell in sTAG. If a UE is configured by the eNB with the carrier indicator field (CIF) for the scheduling cell, the UE transmits RAP to the serving cell designated by the CIF value.
From these observations, we can conclude that eNB is free from LBT at least for PDCCH transmission for CFRA if it is transmitted via licensed carrier. However for UE’s RAP transmission via unlicensed carrier subject to LBT, it would incur higher latency until the UE’s RAP transmission [5]. 
Observation 1: Contention-free RA initiated by licensed cell is sufficient to support required features such as establishing TA or DL data arrival at LAA SCell in possible LAA deployment scenarios in TR36.889. 
Proposal 1: LBT should be taken into considerations for RA preamble transmission in case of contention-free RA.

Forward compatibility is a scope of the Rel-14 eLAA work item. For example, dual connectivity (DC) should be supported in the future without significant specification changes. In the case of DC, most of assumption is still valid if CFRA is initiated via licensed carrier. However, the most significant scenario is that PSCell in SCG (Secondary Cell Group) operates in unlicensed carrier (i.e. no licensed carrier in SCG). In that case, eNB may utilize PCell or other activated cells for CFRA initiation when PSCell is blocked due to LBT failure. 
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Figure 1: A problem at RAP initiation via PCell

In spite of multiple options for eNB, the latency of RA procedure may be significant especially due to LBT failure. If PCell in MeNB is used to reliably initiate CFRA as in Figure 1, it may incur another type of latency between MeNB and SeNB due to non-ideal backhaul. According to SCE or DC scenarios, it was assumed that the latency of non-ideal backhaul spans from 5 ms to 50 ms. By the way, typical latency due to LBT is from an order of 100 us to 1 ms. If so, it is a considerable point whether RA procedure in unlicensed carrier can be feasible in specific scenarios. Figure 1 shows one example that PCell initiates CFRA when requested by PSCell which is going to schedule DL data. In this scenario, we expect at least 50 ms latency from DL data arrival at PSCell to RAP transmission at UE. 
Observation 2: It would be meaningful to investigate the feasibility of RA procedure in unlicensed carrier to support forward compatibility.
In addition to CFRA procedure mentioned until here, CBRA is supported by PSCell in SCG. It is known that at least first 3 steps of CBRA should be performed at PSCell in DC scenario. It means that higher latency than that of CFRA may be incurred during CBRA procedure if PSCell is unlicensed cell. Msg1 and msg3 needs UE’s LBT success for their transmission. At eNB side, msg2 and msg4 requires LBT prior to their transmission. Even though it may be different depending on UL LBT design, transmission opportunity of UL LBT is smaller than that of DL LBT because of CCA at UE side in both self- and cross-carrier scheduling. Therefore msg1 and msg3 are dominant factors to reduce whole latency of CBRA procedure.
Observation 3: It would be better to consider LBT impact to msg1 and msg3 to reduce overall latency of contention-based RA procedure.

3 Conclusions
Based on the discussion in this contribution, we propose followings:
Observation 1: Contention-free RA initiated by licensed cell is sufficient to support required features such as establishing TA or DL data arrival at LAA SCell in possible LAA deployment scenarios in TR36.889. 

Observation 2: It would be meaningful to investigate the feasibility of RA procedure in unlicensed carrier to support forward compatibility.
Observation 3: It would be better to consider LBT impact to msg1 and msg3 to reduce overall latency of contention-based RA procedure.

Proposal 1: LBT should be taken into considerations for RA preamble transmission in case of contention-free RA.
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