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1 Introduction
In RAN#66 meeting, an SI on Licensed-Assisted Access (LAA) using LTE was approved [1]. One objective for RAN1 is:
· Define an evaluation methodology and possible scenarios for LTE deployments, focusing on LTE Carrier Aggregation configurations and architecture where one or more low power Scell(s) (ie. based on regulatory power limits) operates in unlicensed spectrum and is either DL-only or contains UL and DL, and where the PCell operates in licensed spectrum and can be either LTE FDD or LTE TDD.
During RAN1 Ad-hoc meeting, some agreements were reached related to UL as the following:
· Recommend to support asynchronous UL HARQ for UL LAA operation
· Target the support of UL multiplexing of multiple UEs in one subframe by
· Multiplexing in frequency domain
· The supported resource assignment (e.g. number and location of allocated RBs) is FFS
· Multiplexing by MU-MIMO
Asynchronous UL HARQ related discussion can be found in our companion contribution [2], in this contribution we try to present some consideration other aspects to support of UL transmission on the unlicensed spectrum in the LAA system.
2 Design considerations for UL transmission

For LAA, aspects that are raised by the UL transmission of UEs should be carefully taken into account. Such as, LBT would be performed before LAA UL transmission to meet the regulatory requirements. Below, we will present some design principles and analyse different potential alternatives for uplink transmission.

Alternative 1: eNB performs LBT for UL transmission of scheduled UEs
Basically, two options can be considered for eNB-sensing based method.
· Option (a): An eNB performs CCA before transmitting UL grants. 
In this option, if the channel is idle, eNB transmits a reservation signal and sends UL grant to schedule UEs and UE just follows UL grant without performing LBT. If the operating channel is occupied, the eNB stops or delays transmitting UL grants and UE cannot send UL data.

In a licensed band an eNB is required to schedule UL transmissions 4 or more subframes before the actual transmission from UEs. In LAA, considering the maximum 4 ms channel occupancy time limit in Japan, also, eNB may not always have downlink data for a reservation signal in which case eNB would need to send garbage signals. Therefore, some new timing scheme may be introduced for fast data transmission to reduce the delay between UL grant and the actual UL PUSCH transmission, which has a standard impact as it changes a fundamental parameter in LTE. Besides, for UL asynchronous HARQ, as discussed in our companion contribution [2], the maximum number of HARQ should be defined and control field of HARQ process number should be introduced in DCI, in addition to transmission timing for each retransmission.
· Option (b): An eNB performs CCA after transmitting UL grants. 
In this way, UE can perform UL transmission of PUSCH with pre-received grant immediately after eNB completing a successful CCA/eCCA. Some form of signalling may be needed to indicate UE about UL transmission if eNB performs CCA/eCCA successfully and only the UEs which received both of UL grant and detected the indication signal can transmit UL data. Therefore, UL transmission delay can be reduced.
In option (a) and (b), reservation of the channel   may be required for eNB before UL transmission according to the given timing. Hidden node problem may occur in eNB-sensing based method as only eNB performing LBT on the unlicensed band, where a transmission collision may not be detected at the eNB. 
Alternative2: UE performs LBT for UL transmission
· Option (a):  LBT mandatory for all UEs
In this option, each scheduled UE should perform LBT for UL transmission after receiving UL grant from eNB. If the channel is idle, UE can transmit data as ordered by eNB. Otherwise, the UE shall not transmit the PUSCH. Each UE practices UL transmission based on its own sensing results. This way is in line with the regulatory requirements in most regions, and the sensing result is always reliable from UE point of view. 
Note that in this scheme the eNB does not know whether the scheduled transmission will actually happen in the scheduled subframe since it depends on the sensing measurement at the scheduled UE. The eNB may need to perform a blind detection for the corresponding PUSCH resources. Or some indication may also be needed to tell eNB the sensing result to avoid eNB detection blindly. In addition, reserves the channel may also be needed if UE perform CCA successfully before UL transmission timing. Also, it is beneficial to define a common CCA start timing and data transmission timing among the UEs in a same cell for efficient FDM of different UEs’ UL transmissions. 
· Option (b): LBT optional for some UEs
It is possible for some UEs, CCA may not be required. The data transmission can be after other UE performs LBT successfully. For example, the number of UEs doing LBT can be probably reduced in a group of UEs that are located close enough to each other and experience similar observed interference. In this case, methods for informing the multiplexing UEs should be studied.The possible advantages of this option could be improved UE power saving and possibly more efficient transmission by avoiding unnecessary LBT attempts.
Besides only eNB or UE perform LBT for UL transmission discussed above, both eNB and UE perform LBT before UL transmission can also be considered. Especially in the case of TDD frame structure or self-scheduling case, UL transmissions can happen only if the LAA eNB gains channel access first. In this option, an eNB senses the channel, reserves the channel with a reservation signal, and transmits uplink grants to UEs in downlink subframe, and UEs transmit PUSCH on the scheduled uplink subframe only when the channel is sensed idle by UE after eNB stop sending data. In such case, the access probability for UEs of the same cell can improve, and the hidden node problem of UL data transmission can be removed. 
There are multiple choices in terms of LBT for LAA UL: either eNB or UE, or both eNB and UE performing LBT can be considered for UL transmission. Each of the three alternatives has different impacts on UE power saving and transmission efficiency. Further investigation and study are needed from the perspective of coexistence performance between WiFi and LAA as well as between LAAs, and specification impact.
Proposal 1: eNB and/or UE performing LBT could be considered for UL transmission.
3 Frame structure design to support of UL transmission

3.1 FBE or LBE

For UL transmission, FBE and LBE have their own pros and cons. FBE may enable a simple UL implementation. With FBE, scheduled UEs of the same cell would perform CCA check at the same fixed time according to FBE frame period. Thus, the start position of UL data transmission is deterministic and hence known to eNB to reduce detection complexity. For LBE, scheduled UEs in the same UL subframe would start CCA and could have different sensing results. Even when configured with the same CCA start time and backoff time, the data transmission starting positions may be different for different UEs. Therefore, inter-user blocking problem will arise and UE frequency domain multiplexing is difficult. 
Furthermore, modification or enhancements can be considered for both FBE and LBE for LAA UL transmission as given in our companion contribution [4], or combined FBE and LBE , such as introduce backoff in FBE  or limit the LBE (e)CCA start position can also be considered, Anyhow, user blocking problem should resolve.
Observation 1: For UL transmission, FBE and LBE have their own pros and cons, further evaluation is needed.

Proposal 2: For both FBE and LBE, it may be necessary to enhance the CCA mechanism to avoid inter-user blocking for both synchronous and asynchronous deployment.  
3.2 DL/UL subframe configuration.

In the DL+UL option of LAA, there are two possible approaches for DL/UL subframe utilization assuming that the DL+UL option is realized by TDD operation.
Alternative 1:  reuse existing TDD UL/DL configuration
When UL and DL data transmissions on the unlicensed spectrum are supported on the same carrier, a straight forward approach would be to reuse the TDD frame structure, in which both the eNB and the UE have to perform CCA before transmission on unlicensed spectrum. Meanwhile, eNB/UE can access the channel only at some subframes. And two detail options can be considered.
Option 1: fixed DL-UL configurations
For this option, apply existing TDD DL/UL subframe configuration to unlicensed carriers similar to licensed carrier TDD of up to Rel.11, and the subframe pattern for UL and DL are pre-determined. 

However, when multiple asynchronous nodes from different Radio Access Technologies (RATs) such as WiFi or from other LAA operators operate on the same channel, channel availability at a given node is not synchronized to the radio frame boundary. Using a fixed frame structure would result in the eNB/UE using truncated versions of existing TDD configurations and resulting in significant operational inefficiency.

Option 2:  dynamic DL-UL configurations as eIMTA

In this way, according to the ratio between DL and UL traffic, DL/UL subframe configuration can be changed dynamically for each radio frame based on eIMTA mechanism. And the signalling can also be utilized like eIMTA. 
However, since available resources for each link are limited, this approach may not achieve an efficient transmission under a maximum burst length limitation which is specified in regional regulatory requirements. And it seems inefficient since the overhead due to LBT is relatively large in such transmission.

Alternative 2: introduce new UL/DL configuration or flexible  DL-UL utilization
LAA transmission by eNBs and UEs in the unlicensed spectrum is subject to the channel availability as determined by the clear channel assessment (CCA) procedure. In other words, the channel sensing result may not be well adapted to a fixed DL/UL subframe configuration. Thus, using a fixed frame structure for LAA transmission can result in significant physical layer inefficiencies. 
Therefore, besides the existing TDD UL-DL subframe configurations, new DL-UL configurations can also be considered.  And the duration of continuous UL-DL subframe or DL-UL configuration could be changeable according to the traffic adaptively, and eNB could dynamically signal the flexible UL/DL duration to all UEs, which can maximize efficiency and more access flexibility for both DL and UL transmissions and minimize the channel occupancy time.
Proposal 3: Besides existing TDD UL/DL configuration, new DL/UL transmission configuration can also be considered for LAA UL frame structure design.

4 PRACH & SRS transmissions
In a non-co-located scenario, uplink timing synchronization should be maintained individually for licensed and unlicensed carrier for UL transmission. According to current procedure in LTE, the random access on SCell is only triggered by the PDCCH order. And the UE shall transmit the preamble on the assigned PRACH resources of SCell in the first subframe 
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, where a PRACH resource is available, if a PDCCH order is sent in subframe n. However, if LBT is applied, PRACH transmission on the unlicensed carrier could not be guaranteed similar to the other UL transmissions on unlicensed band. Consequently, the whole random access procedure will be delayed. Such unnecessary delay of uplink timing acquisition and/or increased number of trials for the random access procedure would not be preferable. 

Therefore, it is necessary to study the mechanism to reduce the undesirable delay of uplink timing acquisition introduced by LBT, and non-LBT for PRACH transmission should be considered, such as coordinating and multiplexing PRACH resource in a TDM/FDM/CDM manner.
Observation 2: LBT busy will delay the completion of the random access.

SRS transmission is required for maintaining UL timing and facilitating eNB’s UL and DL scheduling (channel reciprocity). Hence SRS transmission should be supported on the unlicensed frequency for UL transmission. Similarly as PRACH, it should also be discussed whether LBT is required for SRS transmission.
Option 1: LBT is performed

LBT may have to be applied for SRS to avoid possible collision with other node. In LTE, SRS is periodically and/or aperiodically transmitted. For periodic SRS, its transmission would suffer from the interruption of LBT. While for aperiodic SRS triggered by PDCCH, it can also be affected when LBT is busy and UE cannot transmit SRS. Otherwise, UE can send SRS according to the received grant after UE or eNB detected the channel idle.
Besides, if UE performs LBT for SRS transmission, the minimum value of channel occupancy time should be 1ms according to the current European regulation. However, in current LTE, one SRS transmission occupies 1~2 UL OFDM symbols, therefore some design need to consider  in order to allow multiplexing of SRS of different UEs in a same subframe should also support.
Option 2: LBT is not performed

According to EU regulation on LBT, SRS may be considered as “short control signaling transmission”, so that a UE can transmit SRS without LBT operation. With this option, SRS transmission opportunity can be increased and UE can transmit SRS regardless of the channel status. However, the estimation result is likely to be inaccurate since the interference level is very different between the idle channel and busy channel.
Besides, SRS can be piggybacked with PUSCH. In such case, once the channel is confirmed clear by UE or eNB and the PUSCH is transmitted, SRS can also be transmitted without additional LBT.
Proposal 4: When UL transmission is supported on unlicensed spectrum, PRACH and SRS transmissions on unlicensed spectrum should be further studied. 
5 Multi-user multiplexing in UL
For LAA, support of UL multiplexing of multiple UEs in one subframe has reached an agreement. One realization method is FDM. However, considering the regulation requirement of the Nominal Channel Bandwidth, supported resource assignment method corresponding to this problem should be studied, such as number and location of allocated RBs may be restricted.
Besides, if UE performs LBT, how to support UL multi-UE frequency domain multiplexing on the same unlicensed carrier should be considered. Because blocking issue between UEs served by asynchronous cells may occur for FBE, such as in multi-operator deployment scenario. To solve this problem, two options below can be considered:
1) Option 1: multiplexing UEs could start CCA with the same timing and have the same backoff time and UE multiplexing in the frequency domain may be realized in the case the UEs can start to transmit the signal with the same timing. 
2) Option 2: the scheduled UEs perform LBT to send uplink data. The first UE with successful CCA/eCCA can reserve the channel with a reservation signal which tells other scheduled UEs to multiplex in the frequency domain until the start of the scheduled subframe, and then other scheduled UEs also can transmit data on the scheduled subframe after detected and identified the reservation signal. Such that multiplexing of multiple UEs can also be realized.
Furthermore, UE multiplexing in the frequency domain in one subframe can be utilized by MU-MIMO, which also needs multiplexing UEs should start CCA with the same timing and have the same backoff time if UE performs LBT. If eNB performs LBT for UL transmission, eNB can configure multiplexing UEs in MU-MIMO transmission mode and send PDCCH order after CCA successfully, or PDCCH order send before CCA and eNB send a  indicator to notice UEs when CCA successfully, the UEs which received both of UL grant and the instruction signal transmit UL signals in MU-MIMO mode.
Proposal 5: Support of UL multiplexing of multiple UEs in one subframe should be studied.
6 Conclusion
This contribution shared our views on several aspects of LAA UL design. The proposals and observations are as follows:
Observation 1: For UL transmission, FBE and LBE have their own pros and cons, further evaluation is needed.
Observation 2: LBT busy will delay the completion of the random access.
Proposal 1: eNB and/or UE performing LBT could be considered for UL transmission.
Proposal 2: For both FBE and LBE, it may be necessary to enhance the CCA mechanism to avoid inter-user blocking for both synchronous and asynchronous deployment.  
Proposal 3: Besides existing TDD UL/DL configuration, new DL/UL transmission configuration can also be considered for LAA UL frame structure design 
Proposal 4: When UL transmission is supported on unlicensed spectrum, PRACH and SRS transmissions on unlicensed spectrum should be further studied. 

Proposal 5: Support of UL multiplexing of multiple UEs in one subframe should be studied.
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