3GPP TSG-RAN WG2 Meeting #89Bis
 R2-151541
20.4. to 24.4, 2015, Bratislava, Slovakia 
Agenda Item:
7.1.3
Source: 
CMCC
Title:  
UL transmission issues of LAA
Document for:
Discussion and Decision

1 Introduction

The Rel-13 study item “Study on Licensed-Assisted Access using LTE” (LAA) was approved in RAN#65. Moreover, in RAN1 #78bis the basic LAA functionalities were agreed for the LAA system in order to meet the regulatory requirements at least in some regions [1]:

· Target a single global framework for LAA
· List at least the following as identified functionalities required to meet regulatory requirements in some regions/bands for an LAA system in TR 
· Listen-before-talk (Clear channel assessment)

· Discontinuous transmission on a carrier with limited maximum transmission duration

· Dynamic frequency selection for radar avoidance in certain bands/regions

· Carrier selection

· TPC

With the LBT requirement, uplink transmission in LAA is different from that in legacy LTE system. In this document we will look into the issues of uplink transmission in LAA.
2 Issues of uplink transmission in LAA
Different from WiFi system, uplink transmission is controlled by the eNB in LAA scenarios. The eNB allocates a reasonable amount of PUSCH resources for the UEs according to their scheduling requests. On an LAA carrier when the scheduled UE wants to transmit data on the granted PUSCH resources, it should perform CCA first to ensure the channel is clear and its transmission will not collide with neighbour transmissions. However, applying the mature LBT technology to LAA scenarios may not work as satisfactorily as expected. Here are two concerns we have in the uplink transmission process in LAA:
1) the channel is occupied by the nodes in the neighbour LAA cells or other systems: how to occupy the UL granted channel for the scheduled UEs
2) the channel is occupied by the UEs in the same LAA cell: how to avoid mutual influence among the scheduled UEs and ensure high throughput
2.1 The channel is occupied by the nodes in the neighbour LAA cell or other system
Different from WiFi system, the uplink resources is granted to the scheduled UEs by the eNB instead of being gained by competition among the UEs. However, the PDCCH order sent by the eNB does not mean the granted resource is always available for the UE. If the grant is dropped due to a busy channel, another UL grant would be sent to the UE. 
Consider the uplink timing in FDD, the UE may get a grant in sub-frame n and prepare the initial transmission to be sent in sub-frame n+4. If the channel happens to be busy just before n+4 the UE needs to drop the transmission. The UE will resend the UL data when it gets a new grant. Therefore the data transmissions will be delayed in LAA. In addition, more PDCCH resources and PUSCH resources are wasted from the perspective of LAA.
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Figure 1  initial transmission is failed because of the busy channel 
In order to improve the resource usage efficiency and reduce the unnecessary delay, we should pay priority attention to the methods to occupy the channel so that the UL data on the granted PUSCH can be transmitted on time. To reduce the complex of UE, eNB assisted solutions may be considered to help the UE occupy the granted channel, e.g., eNB occupies the channel for the scheduled UEs.
Proposal 1 In case the channel is occupied by the UEs in the neighbour LAA cell or other system, we should consider how to occupy the channel for the scheduled UEs so that the UL data on the granted PUSCH can be transmitted on time.
2.2 The channel is occupied by the UEs in the same LAA cell
LBT should be done by the scheduled UEs before they transmit the UL data. In other words, only when the channel is clear can the UE transmit uplink data. The use of LBT effectively avoids impacting of LAA nodes (UEs or LAA eNBs) to Wi-Fi STA/AP. However, one big difference between LAA system and Wi-Fi system is the number of nodes that can transmit simultaneously. In Wi-Fi system only one STA-AP transmission pair is allowed in a time frame, while in LAA system multiple UEs could transmit uplink data at the same time, i.e., during several consecutive uplink sub-frames. Unfortunately, the previous UL data transmission will affect the later channel sensing process of other scheduled UEs. When the other scheduled UEs sense the channel they may find the channel is busy since the previous user is transmitting data at the same time. 
Assume all the UEs (UE1, UE2 and UE3) are served by the same LAA eNB, as shown in Fig.2. Sub-frame 1 is allocated to UE1 only, while sub-frame 2 is allocated to both UE2 and UE3. When UE2 and UE3 want to transmit uplink data using the granted sub-frame 2, they should first sense the channel before transmit (i.e., at the end of sub-frame 1) to ensure its transmission will not interfere with other transmission. Unfortunately, they would find the channel is busy since UE1 is transmitting data in sub-frame 1 and as a result they cannot transmit in sub-frame 2. In the simple case we show the impact of LBT on multi-user uplink transmission. 
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Figure 2  the mutual influence among the scheduled UEs in LAA scenario
For the purpose of LAA, we should not forbid the later transmission of UE 2 and UE 3 in such case. In order to avoid mutual influence among the scheduled UEs and ensure high throughput, effective solutions should be given for the multi-user uplink transmission scenario. With this regards, we have the following proposal:
Proposal 2 In case the channel is occupied by other scheduled UEs in the same LAA cell, we should consider how to avoid the mutual influence among the UEs.
To ensure the uplink data is transmitted on time, LBT related parameters may need to be configured to the UEs during SCell addition. For example, in the RRC signalling, the IE of SCell addition for LAA SCell may need to include CCA time and backoff time.
Proposal 3 LBT related parameters may need to be configured to the UEs during SCell addition, e.g., CCA time and backoff time.
3 Conclusions

Based on the discussion, our proposals are provided as follows:

Proposal 1 In case the channel is occupied by the UEs in the neighbour LAA cell or other system, we should consider how to occupy the channel for the scheduled UEs so that the UL data on the granted PUSCH can be transmitted on time.
Proposal 2 In case the channel is occupied by other scheduled UEs in the same LAA cell, we should consider how to avoid the mutual influence among the UEs.
Proposal 3 LBT related parameters may need to be configured to the UEs during SCell addition, e.g., CCA time and backoff time.
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