3GPP TSG-RAN WG1 Ad-Hoc Meeting
R1-151068
Paris, France, 24th – 26th March 2015
Agenda item:
2.2
Source:
InterDigital
Title:
Design considerations on LTE LAA DL and UL operation
Document for:

Discussion
1
Introduction

In RAN1#78bis, LBT (CCA), DTX on a carrier with limited maximum transmission duration, DFS for radar avoidance in certain bands/regions, Carrier Selection and TPC were identified as techniques for LTE LAA operation to meet regulatory requirements in some regions/bands [1].
In RAN1#79 it was agreed that subframe boundary alignment between the licensed band PCell and unlicensed band SCell(s) is assumed. A busy signal to maintain ownership of the channel following contention resolution by the eNB can be transmitted on the SCell prior to the beginning of the next regularly occurring SCell DL subframe. It was also agreed that the LAA functionality on the SCell would include support for RRM measurements including cell identification, AGC setting and coarse synchronization, fine frequency/time estimation for at least demodulation purposes and for CSI measurements.
In RAN1#80 it was agreed that functions that can be supported by one or more signals to be transmitted from the beginning of a discontinuous LAA DL transmission can include at least AGC setting or channel reservation, yet transmission of the signal(s) may not be required. In addition it was agreed that functions that may need to be supported for discontinuous LAA DL transmission operation by one or more signals include at least one of the following, detection of the LAA DL transmission (including cell identification), frequency/time synchronization. It was not precluded that the same signal is used for all above and possibly other functions or that above functionalities would be supported by other methods (including assistance from the licensed carrier). 
In this contribution, we provide our view and recommendations on the overall LTE LAA system operation in DL and UL with the goal to guarantee fairness with Wi-Fi in terms of channel access.
2
Discussion

In order to allow for a complete LTE LAA system solution, it is necessary to agree on several fundamental design principles for DL and UL operation in the unlicensed spectrum. Before discussing LAA UL design aspects, we briefly summarize our views on LAA DL-only mode of operation.
2.1
LAA DL-only mode

In our view, the LTE LAA DL should operate according to requirements imposed onto Load-Based-Equipment [9]. Listen-Before-Talk (LBT) / Clear-Channel Assessment (CCA) and Discontinuous Transmission (DTX) are the two primary coexistence mechanisms for Wi-Fi and LAA.
In addition, a DL Transmit Power Control mechanism to support TPC requirements and a Channel Agility mechanism to support DFS requirements are needed for LTE LAA operation. Channel Agility will also allow for Carrier Selection by the eNB during LAA operation.

For the example of LAA DL-only mode of operation in Figure 1, the eNB performs LBT/CCA over the SCell transmission bandwidth followed by an extended CCA period prior to DL scheduling [4]. Only the eNB performs a L1 channel energy measurement for the purpose of initial CCA and extended CCA during the random backoff period.

Once the channel is acquired, the LAA eNB can then schedule LAA DL transmissions on the SCell for a duration of several subframes. A maximum transmission duration limit is set however, i.e. the eNB must stop transmitting in the DL and free the channel for other devices thereafter.

Our evaluation results [2][3] show that the eNB side implementation for LAA DL-only mode performs well for low and medium loads even when LBE Category 3 schemes are used, i.e. for the case that the eNB performs LBT with a random backoff with a fixed size of the contention window.

For the case of high load such as a single 5 GHz frequency channel with many transmitters, LBE Cat 3 schemes and DTX with a fixed maximum transmission durations alone are not sufficient to prevent starving of the Wi-Fi APs by LAA. It is therefore necessary to implement functionality in LTE LAA eNBs which allow to adjust LAA channel usage ratios and air time to the observed channel loads including the Wi-Fi neighbor BSSs on a channel.

This can be done by adjusting the lengths of individual LAA TXOPs and by adjusting the number of channel access attempts by the LAA eNB. The mandated use of an LBE Category 4 scheme with random backoff using a variable size of the contention window should be considered an alternative technical realization of that same principle, i.e. for an increasing channel load the LAA eNB will attempt fewer and fewer channel accesses over the observation period.

In our view, implementation freedom should be left to the eNB to adjust its channel access behavior and ensure fair coexistence with Wi-Fi neighbor BSSs as function of load and the particularities of a given deployment. The LAA eNB can make use of its own measurements and those reported back from LAA capable UEs.
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Figure 1: LTE LAA DL-only operation with LBT/CCA and DTX

Wi-Fi devices use a combination of CCA and a virtual carrier sensing mechanism for EDCA. CCA is done through a combination of L1 energy detection and preamble based signal detection. Virtual carrier sensing relies on the ability by a Wi-Fi STA to compute the duration of a frame exchange through reading the packet size and transmission rate fields in the L/HT/VHT-SIG headers of frames addressed to other STA’s or from RTS/CTS frame exchanges. Wi-Fi STAs will then defer any attempt for channel access until the end of the advertised duration of the ensuing frame exchange.

It is clear that signal detection based CCA implies the need for implementation of the 802.11a and 802.11n/ac OFDM channelization and resource mappings. Virtual carrier sense will in addition require the implementation of a significant portion of the Wi-Fi BB processing chain in order to decode PLCP and MAC packet headers.

It should not be assumed and it should not be a prerequisite for R13 LTE LAA operation that an LAA eNB implements Wi-Fi reception / transmission capability.

It should be considered that LAA SCell transmission durations affect both LTE and Wi-Fi. The detrimental impact onto LTE throughput when using very short LTE transmission durations in the order of only 2-3 subframes in presence of Wi-Fi disappears for average LTE transmission periods larger than around 5 ms. On the other hand, the LAA SCell should operate on a timescale that still allows Wi-Fi transmitters to benefit fully from their allocated TXOP allocations with WMM or when using the frame aggregation features provided by 802.11n/ac.

For legacy 802.11a using only DCF, the maximum packet length as a function of the transmission rate could be up to 2.7ms. This value can become larger if WMM is implemented, i.e. when 802.11e TXOP’s are in use. For example, 802.11n frame aggregation features will extend maximum transmission durations up to around 5.3 ms.

We think that the configuration of the maximum allowed LAA SCell transmit duration can be handled by eNB implementation subject to regulatory compliance and coexistence trade-offs. It is beneficial to use configurable maximum allowed consecutive LAA SCell transmit durations set by the eNB and made known to LAA capable UEs through RRC signaling in order to schedule measurements the transmit-off periods.

In summary, the maximum LAA DL transmission periods will typically be limited to around 4-5 subframes using conservative configurations. Maximum transmit durations can be expected not to exceed 9-10 subframes and that only where regulatory requirements permit and only when RRM functionality in the LAA LTE eNB determines that fairness in terms of channel access considering deployed wireless systems in vicinity can be achieved.

Proposal 1:

LAA DL transmissions operate according to requirements established for Load-Based-Equipment.

Proposal 2:

LAA DL transmissions are based on LBE Cat 3 using eNB implementation-specific solutions to adjust the number of access attempts and/or lengths of LAA TXOPs as a function of observed radio and traffic characteristics.

Proposal 3:

It is not mandated that an LAA capable eNB or UE implements Wi-Fi reception capability.

2.2
LAA DL+UL mode
In our view, while the LTE LAA DL should operate according to requirements for Load-Based-Equipment (LBE) and use LBT/CCA, the LAA UL design should rather follow the principles of Frame-Based-Equipment (FBE). There are two motivations behind such a design approach.

Firstly, one of the main differences between DL and UL is that the LAA eNB is the only scheduling entity and is the single transmitter in any given serving cell in the DL. For DL transmissions, LBT/CCA will be performed only by the eNB. Whenever the eNB declares the channel empty following a successful LBT/CCA attempt, it will then simultaneously transmit to multiple UEs. For UL transmissions, if multiple UEs however wanted to individually perform LBT/CCA using LBE rules, the random backoff component would result in that the UE with the smallest backoff value would block channel access for all other UEs even if they started to do CCA more or less in the same time instant. Clearly, in order to maintain the possibility for the LTE LAA UL to support multiple concurrent transmissions from several UEs in any given serving cell in an UL subframe, LAA UEs should perform CCA at the same time, and if successful, then also begin to transmit in the UL subframe(s) in the same time.

A second consideration is that LTE LAA will need to use a TDD arrangement on the LAA SCell carrier. Although existing R8 TDD frame configurations may be considered suitable in principle, it may be more practical to introduce longer UL transmission periods. For LAA operation, the configured SCell TDD frame configurations in any given serving cell will often be used also in neighbor cells for interference management reasons. Therefore, synchronizing the possible UL transmission periods and CCA intervals for multiple UEs extends to beyond single cell operation.
For the example of LAA DL+UL mode of operation in Figure 2, the eNB configures TDD DL-UL frame configuration 3 on the LAA SCell.
[image: image2.emf]UE 1

(LAA UL)

CCA 

(UE)

1 frame (10 ms)

LTE Scell

(LAA DL+UL 

frame config)

DL subframe

UL subframe

Special 

subframe

UE 2

(LAA UL)

802.11ac

(Primary Channel)

802.11ac frame 

exchange sequence

CCA

(STA)

Random 

Backoff 

(STA)

CCA

(eNB)

Extended CCA

(eNB)

Subframe with 

no Tx activity


Figure 2: LTE LAA UL operation with CCA

All LAA UEs that were scheduled by the eNB to transmit in the UL will perform CCA prior to the known UL transmission interval from the configured TDD frame configuration, i.e. towards the end of Special Subframe #1. CCA will be done more or less synchronously by all scheduled UEs during the same 20 us silence interval. Subject to eNB scheduling, not all LAA UEs may use all of the available UL subframes for their own UL transmissions. This is shown in the first radio frame of Figure 2. Under typical conditions and when operating in presence of Wi-Fi neighbor BSSs, most LAA UEs will declare CCA to be busy simultaneously in case there is ongoing Wi-Fi activity on the channel. This is shown in the second radio frame of Figure 2.
It is useful to consider that DL and UL transmission activities and probabilities of successful channel access for LAA are not completely independent from each other. In particular, any DL transmission activity by the eNB in either the preceding DL subframe #0 or in the DwPTS portion of Special Subframe #1 will result in a high likelihood that Wi-Fi transmitters attempting to transmit during these subframes will determine the channel to be busy and defer to beyond UL subframe #2. This is in particular true when Special Subframe configurations using 9-12 DL symbols are configured. The LAA UEs which perform CCA in the UpPTS portion at the end of Special Subframe #1 have a much higher chance of finding the channel to be busy and therefore missing out on the scheduled UL transmission opportunity if Wi-Fi STAs were able to start their own transmissions due to absence of DL transmission activity in preceding DL subframes by the eNB.
It is also clear that providing more flexibility for the eNB to schedule UL transmissions in any available DL subframe is a prerequisite for efficient use of the much more limited number of LAA UL subframes. In particular, reusing the fixed TDD DL-UL timing relationships for UL grant and PUSCH has the consequence that unavailability of the scheduling DL subframe results in the complete loss of the UL transmission opportunity for all UEs in the case of self-scheduling from the LAA SCell. Using cross-carrier scheduling as provided by TDD-FDD carrier aggregation from the PCell however results in less constraints. Additional UL grant DCI formats for LAA SCell self-scheduling should be supported in R13 that allow scheduling of any upcoming UL subframe from an arbitrary available DL subframe. Also, the R13 UL grant DCI format should support the ability to schedule more than a single UL subframe for a given UE, i.e. multi-TTI scheduling. For purposes of maintaining the channel busy when not scheduling a UE in all consecutively available UL subframes, the intermittent use of a busy signal may be considered similar to the DL.
From the example for LAA DL+UL operation in Figure 2 it can be noted that not necessarily all available UL subframes may be used for UL transmissions. Dynamic re-allocation of UL subframes for DL transmissions by the eNB may be supported according to R12 eIMTA principles.

We note that both LAA DL-only and DL+UL capable UEs can be supported in phased deployment when designing LAA UL operation according to the principles of FBE. Given that LAA SCell and licensed band PCell subframes remain time-aligned, DL-only capable LAA UEs will simply ignore UL subframes for the purpose of decoding DL scheduling DCIs.
Proposal 4:

LAA UL transmissions operate according to principles established for Frame-Based-Equipment.

Proposal 5:

UL CCA intervals of scheduled UEs are time-synchronized at the start of eNB configured UL transmission periods.

Proposal 6:

LAA supports all existing TDD frame configurations in addition to a new TDD DL-UL configuration to support UL transmission intervals up to 10 subframes.

Proposal 7:

LAA supports self- scheduling on the LAA SCell and cross-carrier scheduling from the licensed band PCell.

Proposal 8:

LAA UL grant DCI format(s) support flexible DL-UL timing relationships and multi-TTI scheduling.
Proposal 9:

LAA supports the ability to dynamically schedule DL subframes when a subframe in a configured UL transmission interval is not scheduled as UL subframe by the eNB.
3.
Conclusions and Recommendations

In this contribution, we provide our view and recommendations on the overall LTE LAA system operation in DL and UL with the goal to guarantee fairness with Wi-Fi in terms of channel access.

In summary, we propose:

Proposal 1:

LAA DL transmissions operate according to requirements established for Load-Based-Equipment.

Proposal 2:

LAA DL transmissions are based on LBE Cat 3 using eNB implementation-specific solutions to adjust the number of access attempts and/or lengths of LAA TXOPs as a function of observed radio and traffic characteristics.

Proposal 3:

It is not mandated that an LAA capable eNB or UE implements Wi-Fi reception capability.

Proposal 4:

LAA UL transmissions operate according to principles established for Frame-Based-Equipment.

Proposal 5:

UL CCA intervals of scheduled UEs are time-synchronized at the start of eNB configured UL transmission periods.

Proposal 6:

LAA supports all existing TDD frame configurations in addition to a new TDD DL-UL configuration to support UL transmission intervals up to 10 subframes.

Proposal 7:

LAA supports self- scheduling on the LAA SCell and cross-carrier scheduling from the licensed band PCell.

Proposal 8:

LAA UL grant DCI format(s) support flexible DL-UL timing relationships and multi-TTI scheduling.
Proposal 9:

LAA supports the ability to dynamically schedule DL subframes when a subframe in a configured UL transmission interval is not scheduled as UL subframe by the eNB.
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