3GPP TSG RAN WG1 Meeting #79
R1-144844
San Francisco, USA, November 17th – 21st, 2014
Source:
Sharp
Title:
On required functionalities for LAA eNB
Agenda Item:
6.3.2.2
Document for:
Discussion and Decision
1. Introduction
RAN1 initiated the study item phase for Licensed-Assisted Access (LAA) [1] in RAN1#78bis. We talked there about the simulation assumptions to model this system and about the functionalities that should be studied for compliance with regulatory requirements.

Regarding LAA functionalities, the following agreement was made [2] (note that "carrier selection" is not a regulatory requirement, but a sort of identified basic functionality).
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In this contribution we provide our views on the possible implementation and ramifications of some of the items of the list.
2. LAA eNB behavior
The current 802.11 specifications detail the listen-before-talk algorithm, with mechanisms such as carrier sense level, backoff mechanisms, etc. Thanks to this unified specification, fairness under coexistence of WiFi APs/STAs can be guaranteed between multiple vendors. Similarly, LAA eNBs should also have some functionality to guarantee fairness between LAA networks with multiple operators and/or between LAA and WiFi networks.
In the discussions we've been having so far it's been apparent that there are multiple parameters that, while traditionally left to eNB implementation, would have a profound impact on the co-existence of LAA with WiFi and/or other LAA nodes. For instance, if the listen-before-talk mechanism is left for eNB implementation, how can we ensure that fairness is enforced with other networks to a satisfactory degree in the real world? The choice of value for some parameters may give some products an advantage cemented on some degree of un-fairness, while still looking very fair in the simulation model. Moreover, there are some areas (like carrier selection) that may very negatively impact the other network if implemented without enough care for what's already in place.

The products that will come as a result of this item will need to share a medium with other products that have Listen-before-talk function as a mandatory feature. For that reason, we think that any LAA eNB should have some functionality to ensure fairness with those other products, even if a regional regulation does not require the eNB to have this specific functionality.
Proposal 1:

· Any LAA eNB should have some functionality to ensure fairness with other products that have Listen-before-talk function as a mandatory feature, even if a regional regulation does not require the eNB to have this specific functionality. 
3. Identified functionalities
3.1. Listen-before-talk
Listen-before-talk is a requirement that is not only related to WiFi, but to all unlicensed band transmissions in general, including LAA. 

A problem that an LAA node faces is that, while the channel may be seemingly clear at the measurement time, a different node may start transmitting its own streams simultaneously with the LAA node. If the collision occurs with a WiFi system employing the RTS/CTS mechanism, the WiFi system will detect the collision and return to the back-off state. In this case, having the LAA node sending a sort of reservation signal a few OFDM symbols before the start of the transmission itself may be enough to ensure that the WiFi system is in the back-off state and does not interfere with the data itself. The reservation signal itself could be composed of only CRS or similar signals, just enough to signal to other systems that the channel is now occupied.
Although this wouldn't totally prevent the collision with another LAA node of the same operator, the number of reservation OFDM symbols could be selected at random from a certain range, greatly reducing the chance of collision. 

LAA nodes of different operators are not expected to be synchronized, and therefore are unlikely to incur in collision either with the reservation signal or without it.
In addition, another problem related with the co-existence between LAA and WiFi arises due to WiFi being an asynchronous network, while LAA maintains a subframe level structure. This means that transmissions under LAA need to start at the start of the subframe, which reduces the instants that the LAA node would be interested in measuring the channel and occupy it to a small range every millisecond. On the other hand, a WiFi node (or an unmanaged AP/STA) with data to transmit will try to occupy the channel as soon as it's available. We are afraid that this leads to LAA being unable to "grab" the channel most of the time in a scenario with medium to heavy traffic from WiFi systems.

Having the reservation signal that tries to occupy the channel a random number of OFDM symbols before the start of the subframe alleviates this problem by effectively increasing the range of time instants at which LAA nodes try to take the channel. 
Proposal 2:

· A reservation signal is introduced a random number of OFDM symbols before the start of the LAA subframe.
· FFS: the composition of the reservation signal itself.
3.2. Discontinuous transmission on a carrier
The shared nature of the medium in the unlicensed band requires systems operating in it to be able to switch between periods of transmission and periods of no transmission. To comply with this, some short term switching mechanism is required to ensure fairness with regard to the occupied time restrictions (e.g. 4 ms in Japan, 10 ms in EU [3]).
As far as LAA nodes are concerned, we think that RAN1 should adopt a dynamic ON/OFF scheme as a solution for these operations. Dynamic ON/OFF was already deeply discussed during the Rel-12 cycle and is thus well understood and mature enough that we don't foresee a long standardization process.
Proposal 3:

· A dynamic ON/OFF scheme is introduced to enable discontinuous transmission on a carrier.
4. Conclusion
In this contribution we proposed to keep fairness of LAA with other networks (LAA or not) as a strong focus of RAN1, even when the particular regional regulations in place don't require it.
Regarding LAA's functionalities, we thought about what exactly does LAA need from its listen-before-talk mechanism, proposing a reservation signal as a result; we proposed the re-use of the dynamic cell ON/OFF mechanism developed for Rel-12 as the means to comply with any required continuous transmission time limit; and we also proposed a carrier selection mechanism that could help the efficiency of the transmission.
Proposal 1:

· Any LAA eNB should have some functionality to ensure fairness with other products that have Listen-before-talk function as a mandatory feature, even if a regional regulation does not require the eNB to have this specific functionality. 
Proposal 2:

· A reservation signal is introduced a random number of OFDM symbols before the start of the LAA subframe.

· FFS: the composition of the reservation signal itself.
Proposal 3:

· A dynamic ON/OFF scheme is introduced to enable discontinuous transmission on a carrier.
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Agreements:


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


*Note: not all functionalities may have a spec impact.


*Note: not all functionalities would be mandatory for all LAA eNBs/UEs








