[bookmark: OLE_LINK3][bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #80	R1-150281
Athens, Greece, 9th – 13th February 2015

[bookmark: _Ref133120545]Source:	Sharp
Title:	LAA time slot and channel access considerations
Agenda Item:	7.2.3.3
[bookmark: DocumentFor]Document for:	Discussion and Decision
Introduction
Licensed-assisted access (LAA) on unlicensed spectrum is a new study item for LTE release-13. The LAA subframe transmission is done in an opportunistic manner. For fair sharing with other unlicensed networks, such as WiFi and other LAA networks, an LAA eNB is required to listen before talk (LBT) with clear channel assessment (CCA). 

Thus, for contention based channel access, some extended CCA (eCCA) mechanisms should be specified for LAA. In this contribution, we provide our views on the CCA time slot size and potential solutions of eCCA. 
LAA sensing timing slot size
In 802.11 based WiFi networks, a station has to wait for a distributed interframe space (DIFS) before performing backoff algorithm for channel access. A much shorter Tslot is used for the backoff timeslots. During packet transmission, a short interframe space (SIFS) is used between consecutive packets, e.g. between a packet and the ACK corresponding to it. In 802.11 at 5GHz band, the SIFS is 16 µs, the DIFS is 34 µs, and the Tslot is 9 µs. 


Figure 1. Illustration of 802.11 packet exchange and timing
For LAA, CCA time slots have to be defined first to perform LBT [2]. As a simple design, one CCA timeslot length, e.g. 20 µs, can be defined with the length of at least SIFS to avoid interruption of 802.11 packet transmission protocol. Also, similar methods as WiFi can be used to specify two different timeslots, i.e. an initial CCA timeslot and a shorter CCA timeslot. The initial CCA timeslot for LAA should be longer than a SIFS. Considering fairness contention with 802.11, the initial CCA timeslot can be at least the length of a DIFS. A shorter CCA slot is used for channel contention backoff.
In a WiFi network, the transmission is not synchronized and can start from any time. A PHY layer preamble is included in each packet for packet synchronization and channel estimation. Comparatively, an LAA LTE transmission is synchronized at subframe and OFDM symbol level. Currently, all LTE signals are OFDM-symbol based. For an LAA transmission, a sort of preamble signal needs to be specified to fill the OFDM symbol length at the beginning of the LAA transmission. If an LAA transmission can start from any time, the preamble length also becomes random within an ODFM symbol length. This will bring big challenges for both the transmitter and the receiver.
In RAN1 #79, it was agreed that for coexistence evaluations, normal CP is used, and fractional OFDM transmissions can be considered. Therefore, to preserve the synchronization properties, the CCA time slot length should be defined based on LTE subframe and OFDM symbol structure. To reduce the complexity of preamble design, an LAA CCA time slot can be defined as a fraction of an ODFM symbol length, e.g. a CCA slot length can be 1/8 or 1/4 of an OFDM symbol. This eliminates the need of random length preamble for the initial LAA transmission. 
If a CCA slot length can be 1/8 of an OFDM symbol, the time slot length is ~8.92 µs, comparable to the backoff slot size of 802.11. For the initial LAA transmission, the LAA eNB has to wait for at least two idle CCA time to avoid interruption of an ongoing WiFi packet exchange.
Proposal 1: The CCA time slot length should be defined as a fraction of an OFDM symbol length, e.g. 1/4 or 1/8 of an OFDM symbol length.
LAA access considerations
The LAA design should provide fair channel access and coexistence with other unlicensed networks, such as WiFi. The access probability of an LAA eNB is impacted by many factors, e.g. the access region for LAA transmissions, the sensing and backoff slot size, the contention window size, etc. 
1) LAA Gap Period
In a WiFi network, the transmission is not synchronized, and a station can contend for channel access after the channel is idle for a DIFS. If the same method is used for LAA, e.g. the contention access begins immediately after the channel is idle for one or two CCA time slots, it may bring many challenges on the physical layer design. First, the CCA time slot may not be synchronized. Secondly, besides a preamble with partial OFDM symbol length, an LAA subframe may start from any OFDM symbol in a subframe. 
In addition, in LAA there is a maximum unlicensed transmission duration based on regulatory requirements of different regions. Thus, a gap period (GP) is needed after an LAA burst transmission. The GP should be at least long enough for the channel to be sensed idle, i.e. at least the length of DIFS or an initial CCA timeslot, and it can include many more CCA timeslots in which contention access can be performed by LAA transmission nodes. In a GP (after the initial DIFS-equivalent period), if an LAA node obtains the channel, it can start to transmit either a reservation signal [3] to prevent other unlicensed transmissions or a sort of short signal (i.e. a multiple-CCA-timeslot-long signal) followed by a PDSCH. RAN1 should further discuss whether/how to specify the GP. A GP may be at a pre-defined location (e.g. the first or last several OFDM symbols of a subframe) or immediately after a transmission. Similarly, the length of a GP may be pre-defined or flexible.
Proposal 2: RAN1 should discuss whether/how to specify a gap period (GP) used for channel clearance and contention access.
2) The contention window size
Designed for a large number of stations, WiFi networks employ an exponential backoff with backoff contention window (CW) size ranging from CWmin = 31 to CWmax = 1023. A backoff counter is initiated by a random number between 0 and CW. The backoff counter is suspended if the channel is busy and resumed if the channel becomes idle again. A packet is transmitted if the channel is sensed idle and the backoff counter reaches 0.
In the design of the CW size, the expected time for an initial channel access should be comparable to that of 802.11. The expected time for an initial channel access for 802.11 is Tslot*CWmin/2, i.e. 139.5 µs for 5GHz unlicensed band. If a timeslot for LAA is 1/8 of an OFDM symbol with normal CP, the backoff timeslot size is comparable to WiFi, thus the initial CW size for LAA can also be 31.
However, compared with WiFi, the number of LAA transmitting nodes is expected to be much smaller, especially for DL only LAA scenarios. Furthermore, an LAA eNB may only perform channel access in a gap period. Thus, a smaller CW size can be used for LAA. The CW size may be fixed for simplicity. The CW size can be determined by the length of the gap period and the slot time of LAA. For example, if a CCA slot length can be 1/8 of an OFDM symbol and only two OFDM symbols are used as gap period, the CW size can be 16, and the backoff counter is chosen between 0 and 15 with a uniform distribution. 
Proposal 3: RAN1 should design the LAA contention window size considering the CCA time slot size and the length of the gap period in a subframe, or vice versa.
Conclusion
In this contribution, we discuss the LAA channel access issues on the CCA time slot size, the channel access region for backoff mechanisms. Considering the synchronized frame structure of LTE, and the differences between a LAA network and WiFi, we propose the following: 
Proposal 1: The CCA time slot length should be defined as a fraction of an OFDM symbol length, e.g. 1/4 or 1/8 of an OFDM symbol length.
Proposal 2: RAN1 should discuss whether/how to specify a gap period (GP) used for channel clearance and contention access.
Proposal 3: RAN1 should design the LAA contention window (CW) size considering the CCA time slot size and the length of the gap period in a subframe, or vice versa.
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Figure 1. Illustration of 802.11 packet exchange and timing
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