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1 Introduction
In RAN1#78bis, the following 5 functionalities were identified to meet regulatory requirements in some regions/bands for LTE LAA operation:
· 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

In this contribution we present our views on LTE LAA design and summarize expected specification impacts for the support of LAA DL-only mode of operation.

2 LTE LAA DL-only operation
2.1 Overview
We propose to use Listen-Before-Talk (LBT) and Discontinuous Transmission (DTX) are the two primary mechanisms for coexistence of LTE LAA with Wi-Fi systems. In addition, a DL Tx power control mechanism to support TPC requirements and a Channel Agility mechanism to support DFS requirements are needed for efficient 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 CCA over the SCell transmission bandwidth followed by a random backoff period prior to DL scheduling. Once the channel is acquired, the eNB can then schedule DL transmissions 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.
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Figure 1: LTE LAA DL-only operation with LBT and DTX
2.2 CCA and random backoff period
Wi-Fi devices use a combination of CCA and a virtual carrier sensing mechanism for EDCA. CCA is done both through L1 energy detection and 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. 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 CCA through signal detection implies the ability to implement OFDM demodulation using the 802.11a or the 802.11n/ac channelization followed by preamble sequence detection. Similarly, virtual carrier sense requires the ability to decode Wi-Fi packet headers. Both should not be assumed and should not be required for LTE LAA operation.
For LTE LAA DL-only mode operation, only the eNB performs a L1 channel energy measurement over the entire 20 MHz transmission bandwidth in the order of 20 us prior to beginning the random backoff period.
2.3 Synchronous LAA SCell operation

It is one consequence when using LBT by means of CCA and random backoff that the LAA channel in the 5 GHz band becomes available for DL scheduling at random and arbitrary time instants. These are a function of Wi-Fi load and the number and types of 802.11 Wi-Fi BSS present in the vicinity.
There are two possible design approaches when extending R10 Carrier Aggregation principles to LTE LAA operation: the LAA SCell is either synchronous and subframe boundary aligned with the PCell, or the LAA SCell operates with random and arbitrary time offsets when compared to the PCell, i.e. asynchronously.
Using synchronous LAA SCell timing (Figure 2), the eNB once it detects the 5 GHz channel to be available must wait until the beginning of the next occurring subframe boundary that is matched to the PCell subframe timing prior to the start of any DL PDSCH transmissions on the LAA SCell.
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Figure 2: Synchronous SCell timing for LTE LAA DL-only mode
In the DL, existing (e)PDCCH and PDSCH transmission formats can be re-used. The LAA eNB schedules SCell PDSCH schedules by either using self-scheduling on the LAA SCell or by cross-carrier scheduling from the PCell. All DL and UL timing relationships including the UL A/N carried on the PCell PUCCH are kept, including preservation of PUCCH resource allocation principles. LAA UEs transmit A/N corresponding to LAA SCell PDSCH using PUCCH (or PUSCH) as in R10.
However, the use of synchronous LAA SCell timing also needs to account for the trade-off between the duration of average transmit intervals against the penalty of not using the channel for durations in the order of average 0.5 ms durations. Relying on synchronous SCell operation, the overhead is in the order of 10% for average DL scheduling durations using 5 consecutive subframes, but overhead would become 50% if only a single subframe is transmitted before LAA SCell channel access is released.

2.4 Busy signals

In order to avoid that WiFi transmitters start transmitting on the channel during the silent interval until the beginning of the next occurring SCell subframe, it is necessary to introduce a variable length busy signal for the LTE LAA SCell.

In its most simple form, the busy signal is a preamble sequence similar to PRACH. It should be considered to adopt subcarrier mappings that allow for maximized energy when measured by Wi-Fi devices using 802.11a/n/ac OFDM channelization. Furthermore, when busy signals provide sufficient link budget, different preamble sequences can be used to coordinate transmissions intervals among neighboring LAA eNBs. Such an approach provides two immediate benefits, (1) spatial reuse for LAA eNBs is dramatically increased and the ability of the LTE system to transmit using reuse 1 is exploited and (2) channel busy time by LAA eNBs is minimized which indirectly benefits Wi-Fi neighbors.
We note that the introduction of a busy signal may also be necessary to maintain and block the 5 GHZ LAA channel in order to prevent WiFi transmitters from accessing the channel if not all consecutive DL subframes are used for transmission by the eNB (Figure 2).
2.5 DTX

Once the LAA eNB wins access to the 5 GHz channel, its transmission periods will typically be limited to not more than 3-6 subframes and under no circumstances exceed maximum allowed regulatory transmit durations up to 9-10 msec.

It should be considered that LAA SCell transmission durations affect both LTE and Wi-Fi. The detrimental impact onto LTE throughput of very short LTE transmission durations in the order of 1-3 subframes in presence of Wi-Fi disappears for average LTE transmission periods larger than around 5 ms [2]. On the other hand, the LAA SCell should operate on a timescale that still allows Wi-Fi transmitters to benefit fully from allocated Tx Op allocations in presence of WMM or frame aggregation features with 802.11n.
For legacy 802.11a using only DCF, the maximum packet length as a function of the transmission rate could be up to around 2.7 ms. This value can become larger if WMM is implemented, i.e. 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 performance trade-off’s. It is beneficial to RRC configure maximum allowed consecutive LAA SCell transmit durations in order for LAA capable UEs to schedule measurements during in-between transmit-off periods.
2.6 Channel Agility for Carrier Selection and DFS/Radar
Similar to WiFi, LTE LAA operation will greatly benefit from the ability to identify and use preferably unused or at least weakly loaded 5 GHz channels.

Carrier selection to identify unused 5 GHz channels for LAA operation already provides significant gains when operating only at slow timescales, i.e. in the order of hours. Existing R10 RRC SCell reconfiguration procedures can be used to move LAA UEs to another 5 GHz channel even when frequency selection is performed in the order of several seconds, subject only to constraints in terms of UE RF band capabilities. Dynamic carrier selection operating on a timescale order of subframes or at least every several tens of frames will require more dramatic changes to adopt LTE signaling for fast reconfigurations. We note that actual R10 requirements for SCell activation and de-activation delays indicate already that it is difficult to implement UE carrier aggregation capability with very fast and dynamic carrier switching.
Regulatory compliance with DFS/Radar detection requirements will require that for LTE LAA DL-only mode, the eNB must implement a radar detection measurement. In addition, a signaling mechanism is needed to vacate the LAA SCell channel. Existing LTE signaling, i.e. SCell (re-)configuration through RRC and (de-)activation can be used to meet this design requirement. It may be considered to provide UE support for detection of radar signatures during transmit off periods.
Any eNB carrier selection mechanism will need to take into account that 802.11n/ac devices are particularly sensitive to transmissions by other wireless devices on their own designated primary 20 MHz channel. In the 5 GHz band, 802.11n APs typically cannot operate if their secondary 20 MHz channel overlaps with another AP’s primary channel. In most enterprise deployments at 5 GHz, either no overlap is seen at all, or full overlap including perfectly aligned primary channels is observed. Primary channels carry all management frames and are always the starting point for the channel reservation protocol. This principle extends to 802.11ac devices where data transmissions can either take place in the primary 20 MHz channel, or the 40 MHz channel including the 20 MHz primary channel, or the full 80 MHz channel, but other channel combinations are not possible.

In consequence, carrier selection for LTE LAA operation, even to support DL-only mode must support the ability to avoid the use of 802.11n/ac primary channels. If LTE LAA transmissions are done on the 802.11n/ac primary channel, these devices cannot fallback to transmit only on a secondary 20 MHz channel (802.11n/ac) or on a 40 MHz secondary band segment (802.11ac). Transmitting on the 802.11n/ac primary channel implies that no Wi-Fi device can transmit at all in any portion of its 20/40/80 MHz BSS for the entire LTE LAA transmission duration with dramatic consequences in terms of overall channel access time and achievable throughput for Wi-Fi devices.
Therefore, LTE LAA channel selection should preferably result in the use the 802.11n/ac secondary channels. However, identification of 802.11n/ac primary channels cannot be done using energy detection alone.
2.7 DL Tx power control
TPC regulatory requirements for LTE LAA DL-only operation in the 5 GHz bands can be addressed in RAN4. Existing LTE signaling can be used. Minimum occupied transmission bandwidth requirements for 5 GHz channels can mostly be handled through the eNB implementation, but may result in DL scheduling constraints.
3 Conclusion

In this contribution we discussed LTE LAA design and expected specification impacts to support DL-only mode.
In summary,
1. The LAA eNB performs L1 energy detection as CCA measurement followed by a random backoff period (LBT).

( Support of CCA and LBT in the LAA capable eNB has little L1 specification impact.
2. The LAA eNB when scheduling DL PDSCH on the LAA SCell does not exceed a maximum configurable transmission period up to 10 ms (DTX).
( No L1 specification impacts, but additional RRC signaling support for LAA UEs may be beneficial.
3. LAA DL-only mode uses synchronous (subframe aligned) SCell timing when compared to the LTE PCell.
( No L1 specification impacts.
4. A variable length busy signal is transmitted by the eNB in support of LAA SCell DL only operation to maintain the channel occupied until the start of the next SCell subframe boundary after successful channel access.

( Will result in most L1 specification impacts among identified techniques to support LAA DL-only mode.
5. The LAA eNB uses existing R10/R11 (e)PDCCH for DL scheduling of UEs on the LAA SCell

( No L1 specification impacts.

6. LAA capable UEs transmit A/N on the PCell UL using existing R10/R11 carrier aggregation procedures for PUCCH and/or PUSCH

( Few L1 specification impacts.

7. The LAA eNB supports channel agility implementing applicable radio measurements and uses existing RRC SCell (re-)configuration and (de-)activation signaling (Carrier Selection, DFS/Radar detection)
( Support of radio measurements in the LAA eNB has no L1 specification impacts, but UE measurement support and reporting from UEs through PCell may be beneficial.
8. The LAA eNB employs DL transmit power control on the LAA SCell

( No L1 specification impacts, but RAN4 work required.
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