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Introduction
This contribution provides the text proposal to TR 36.889 agreed through the email discussion:

[89bis#00][LTE/LAA] TP for TR on LAA (Huawei) 

-
Update TP for TR based on agreements/findings from this meeting

-
Should also include endorsed TPs on PCI confusion and impact of Async UL HARQ 

=>
Intended outcome: Agreed TP for TR and LS to RAN1
TEXT PROPOSAL TO TR36.889:

<start of text proposal>

6
Deployment scenarios for LAA

Editor notes: Deployment scenarios applicable to LAA. 
This section describes possible deployment scenarios for LAA. In this study item, LAA targets the carrier aggregation operation in which one or more low power SCells operate in unlicensed spectrum. LAA deployment scenarios encompass scenarios with and without macro coverage, both outdoor and indoor small cell deployments, and both co-location and non-co-location (with ideal backhaul) between licensed and unlicensed carriers. Figure 6-1 shows four LAA deployment scenarios, where the number of licensed carriers and the number of unlicensed carriers can be one or more. Though the backhaul between small cells can be ideal or non-ideal, the unlicensed small cell only operates in the context of the carrier aggregation through ideal backhaul with a licensed cell. In scenarios where carrier aggregation is operated within the small cell with carriers in both the licensed and unlicensed bands, the backhaul between macro cell and small cell can be ideal or non-ideal.
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Figure 6-1: LAA deployment scenarios
-
Scenario 1

-
Carrier aggregation between licensed macro cell (F1) and unlicensed small cell (F3)

-
Scenario 2

-
Carrier aggregation between licensed small cell (F2) and unlicensed small cell (F3) without macro cell coverage

-
Scenario 3

-
Licensed macro cell and small cell (F1), with carrier aggregation between licensed small cell (F1) and unlicensed small cell (F3)
-
Scenario 4

-
Licensed macro cell (F1), licensed small cell (F2) and unlicensed small cell (F3)

-
Carrier aggregation between licensed small cell (F2) and unlicensed small cell (F3)

-
If there is ideal backhaul between macro cell and small cell, there can be carrier aggregation between macro cell (F1), licensed small cell (F2) and unlicensed small cell (F3)
-
If dual connectivity is enabled, there can be dual connectivity between macro cell and small cell.
In the study to support deployment in unlicensed spectrum for the above scenarios, CA functionalities are used as a baseline to aggregate PCell/PSCell on licensed carrier and SCell on unlicensed carrier. When non-ideal backhaul is applied between a Macro cell and a small cell cluster in the Scenarios 3 and 4, small cell on unlicensed carrier has to be aggregated with a small cell on licensed carrier in the small cell cluster through ideal backhaul. The focus in this report is to identify the need of and, if necessary, evaluate needed enhancements to the LTE RAN protocols applicable to carrier aggregation in all of the above scenarios. 
7
Design targets, functionalities and solutions for LAA
Editor notes: One sub-section per identified functionality (e.g., LBT) that describes the functionality and the potential solutions for the functionality. The solution can involve PHY layer and/or higher layers. 
7.1
Design targets and functionalities
The design targets of an LAA system are listed below:

-
A single global solution framework allowing compliance with any regional regulatory requirements

A single global solution framework for LAA should be defined to ensure that LAA can be operated according to any regional regulatory requirements. Furthermore, LAA design should provide sufficient configurability to enable efficient operation in different geographical regions. 

-
Effective and fair coexistence with Wi-Fi.

The LAA design should target fair coexistence with existing Wi-Fi networks to not impact Wi-Fi services more than an additional Wi-Fi network on the same carrier, with respect to throughput and latency.
-
Effective and fair coexistence among LAA networks deployed by different operators

The LAA design should target fair coexistence among LAA networks deployed by different operators so that the LAA networks can achieve comparable performance, with respect to throughput and latency.
Based on the design targets, at least the following functionalities are required for an LAA system:

-
Listen-before-talk (Clear channel assessment)

The listen-before-talk (LBT) procedure is defined as a mechanism by which an equipment applies a clear channel assessment (CCA) check before using the channel. The CCA utilizes at least energy detection to determine the presence or absence of other signals on a channel in order to determine if a channel is occupied or clear, respectively. European and Japanese regulations mandate the usage of LBT in the unlicensed bands. Apart from regulatory requirements, carrier sensing via LBT is one way for fair sharing of the unlicensed spectrum and hence it is considered to be a vital feature for fair and friendly operation in the unlicensed spectrum in a single global solution framework.

-
Discontinuous transmission on a carrier with limited maximum transmission duration

In unlicensed spectrum, channel availibility cannot always be guaranteed. In addition, certain regions such as Europe and Japan prohibit continuous transmission and impose limits on the maximum duration of a transmission burst in the unlicensed spectrum. Hence, discontinuous transmission with limited maximum transmission duration is a required functionality for LAA.
-
Dynamic frequency selection for radar avoidance in certain bands/regions

Dynamic frequency selection (DFS) is a regulatory requirement for some frequency bands, e.g., to detect interference from radar systems and to avoid co-channel operation with these systems by selecting a different carrier on a relatively slow time scale. This requirement does not need new specifications.
-
Carrier selection

As there is a large available bandwidth of unlicensed spectrum, carrier selection is required for LAA nodes to select the carriers with low interference and with that achieve good co-existence with other unlicensed spectrum deployments.
-
Transmit Power Control

Transmit Power Control (TPC) is a regulatory requirement in some regions by which the transmitting device should be able to reduce the transmit power in a proportion of 3dB or 6dB compared to the maximum nominal transmit power. This requirement does not need new specifications.

-
RRM measurements including cell identification

Radio resource management (RRM) measurements including cell identification enable mobility between SCells and robust operation in the unlicensed band.

-
AGC setting

-
Coarse synchronization
-
Fine frequency/time estimation at least for demodulation

-
CSI measurement, including channel and interference
Automatic Gain Control (AGC) setting, coarse synchronization, fine frequency/time estimation at least for demodulation, and CSI measurements including measurements of channel and interference are necessary for performing RRM measurements and for successful reception of information on the unlicensed band.
It is noted that not all above functionalities may have a specification impact and not all above functionalities would be mandatory for all LAA eNBs/UEs.
The PHY layer options considered for LAA have at least the following characteristics:

-
Support for at least 20MHz system BW option in the 5GHz band

System bandwidths < 5 MHz are not considered for PHY layer options in LAA
7.2
Solutions for DL operation without UL in unlicensed spectrum
7.2.1
Physical layer aspects
7.2.2
Higher layer aspects

7.2.2.1
HARQ Operation
The main issue for HARQ operation on an LAA cell is the uncertainty of the cell availability for HARQ re-transmission. The uncertainty may arise due to the LBT operation needed to acquire the channel or because the maximum transmission duration for LAA is exceeded. The Figure 7.2.2.1-1 illustrates an example, in which the maximum transmission duration of an LAA cell has been reached before the 3rd transmission of a HARQ process can be performed. 
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Figure 7.2.2.1 - 1: HARQ issue in LAA cell

There may be 2 alternatives to address this issue:

· Alternative 1: to keep HARQ retransmission on the same LAA cell
A HARQ process can be targeted (e.g., by choosing appropriate MCS level) to be completed within the maximum transmission duration an LAA cell can have. A new HARQ process is started when the LAA cell acquires the channel again after an LBT operation. Alternatively, a retransmission can be delayed until the LAA cell acquires the channel again. RLC retransmission may be invoked, if HARQ transmission doesn’t complete successfully. 
· Alternative 2: to move HARQ retransmissions to another cell

The retransmission may also be performed via another cell, for example, the primary cell or another SCell. This will change the current modelling of a HARQ process, as it may be linked to two or more cells.
In terms of the specification impacts and complexity, Alternative 1 is simpler, as it doesn’t incur new specification impact. Hence, from this point of view, it is worth considering continuing the principle of Rel-11 CA, in which downlink HARQ processes are not moved to another carrier.
Editor’s Note: Further analysis on this issue can be provided by RAN1.
7.2.2.2
DRX
In CA, the same DRX operation applies to all configured and activated serving cells (i.e. identical active time for PDCCH monitoring). In other words, there is a common DRX applied to all the serving cells. The difference in the case of LAA is that due to LBT there is no guarantee that the channel is obtained for scheduling the UE at the exact moment desired by the eNB. In addition, even if CCA succeeds, the transmitter (i.e., eNB) can only be occupying the channel for a limited time duration due to the requirement on the limited maximum transmission duration. This means that the DRX timers (on-duration, inactivity timer) should be long enough or DRX cycles should be short enough to allow time for obtaining access to the channel.
Until further studies reveal that there is a need for very short DRX cycles/very long Active times, common DRX is recommended to be used as the baseline across all aggregated licensed and unlicensed serving cells.
7.2.2.3
QoS control
QoS support is implemented using radio bearers in the air interface. As shown in Figure 7.2.2.3 - 1 below, in current carrier aggregation, a radio bearer can be transmitted/received on any serving cell.
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Figure 7.2.2.3 - 1: Protocol architecture in carrier aggregation
The radio environment in unlicensed spectrum is quite different compared with that on licensed spectrum (current LTE systems). In unlicensed spectrum, there could be various sources for interference which are outside the control of the operator: other RATs (e.g. WLAN) or LAA nodes of other operators etc. In the extreme case, the resources of LAA cell(s) can be of little use due to very strong interference and/or very low channel availability. In addition, LBT and DTX should be supported to meet regulatory requirements. This could impact QoS of some bearers, e.g. latency requirements might not be satisfied, if the characteristics of LAA cell are not fully considered when traffic mapping is performed. Thus, the characteristics of an LAA cell should be considered when mapping traffic from radio bearers to carrier(s).
For downlink data transmission, the eNB can decide which data of which radio bearer is to map to which carrier(s) (in licensed or unlicensed spectrum). Hence, there is no impact on LTE RAN specifications.
7.2.2.4 RRM Measurement and reporting
In Rel 12, discovery reference signals (DRS) were introduced in order to allow a cell to alternate dynamically between On and Off states. As illustrated in Figure 7.2.2.4 – 1, Rel. 12 DRS works by configuring the UE with a DMTC (discovery measurement timing configuration) which includes subframes on which the UE performs RRM measurements. The UE may not assume transmission of reference signals outside of the configured subframes.
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Figure 7.2.2.4 -1: DRS transmission pattern for FDD 
With DRS as starting point, from RRC protocol point of view, it is considered feasible to perform the RRM measurement and reporting for LAA. RRM measurements (e.g. RSRP/RSRQ) on LAA cell can be used to configure, activate, de-configure LAA cell (as for SCells on licensed carriers).
Editor’s Note: Further input from RAN1 is required (e.g., how DRS differs from Rel-12; …).
7.2.2.5
PCI confusion and PCI collision
In LAA scenarios, there may be multiple operators operating in the same frequency channel. In case these operators do not coordinate the PCI values for their cells, then PCI confusion and PCI collision may arise. 
PCI confusion – A UE is discovering, and configuring, an LAA cell of another operator which is having the same PCI value as a cell from its own operator. This is illustrated in Figure 1. The blue UE, belonging to the operator with the blue network, is identifying an LAA cell with PCI 17. If the UE is configured to send measurements, the UE may report to the blue eNB that it has found a cell with PCI 17. The blue eNB may then configure the blue UE to add the cell since it knows that it has a cell with PCI 17 in this area. But the cell which the UE has detected belongs to another operator.
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Figure 7.2.2.5 – 1: Example of PCI confusion 
PCI collision – A UE is in the coverage of two (or more) cells which has the same PCI value. As illustrated in Figure 7.2.2.5 – 2, the blue UE, which belongs to the operator with the blue network, is in the coverage of two difference cells. These two cells have the same PCI: one cell belongs to the blue operator, and the other cell belongs to a green operator.
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Figure 7.2.2.5 – 2: Example of PCI collision
If the same PCI is used for cells on the same carrier frequency in the same area, PCI confusion or collision may occur. The number of PCIs is limited to 504. If operators do not coordinate PCIs used by their cells, the probability of PCI confusion or collision depends on the number of LAA cells of other operators the UE can find in the UE’s PCell coverage area. That is, the risk is higher when there is a dense deployment of LAA cells in a large PCell coverage area. PCI collision will happen with lower probability than PCI confusion, as PCI collision happens when the coverage areas of two cells of the same PCI overlap at least partially.

According to the current Carrier Aggregation requirements, the UE is only required to handle a maximum timing difference of approximately 30 µs between the PCell and an SCell. Therefore, the UE may not be able to receive anything from the other operators LAA cell, if the downlink of that cell arrives more than ± 30 µs away from the UE’s PCell downlink. The probability that the other operator’s LAA cell is aligned to the UE’s PCell with this accuracy is 6% assuming random timing of cells.
Furthermore, for self-scheduling, the UE will not decode downlink assignments of the other operator’s cell unless the downlink transmissions are done with a C-RNTI matching the C-RNTI of the UE. There are 65536 C-RNTIs. If the other operator serves 20 UEs in a cell, the probability that the same C-RNTI is used is roughly 0.03%. Therefore, the probability that the UE can decode a downlink message from another operator’s LAA cell is 0.0018 % (0.06 * 0.0003).
If PCI confusion occurs,

(a) for self-scheduling from the LAA cell: the probability that the UE will be able to decode downlink is negligible (0.0018 % in the scenario described above);
(b) for cross-carrier scheduling from the PCell: the UE would never be able to decode the downlink data for which the UE has received a downlink assignment, as the data is sent in another cell. For uplink, the UE will not be able to acquire uplink sync and would therefore not be able to transmit uplink PUSCH in the other operator’s cell. However, it may send unnecessary random access preambles towards another operator’s LAA cell (e.g., if it receives a PDCCH order from the PCell).

It is expected that the eNB can detect PCI confusion for example by seeing that the UE is reporting good quality for a cell but no data communication works for this UE. The eNB can then resolve the confusion by changing the PCI for the problem cell(s).

If PCI collision happens, i.e. where the UE simultaneously hears cells from different operators, there is a non-negligible chance that both LAA cells become unusable to the UEs that fall in their common coverage area. This would result in the UE not being able to receive on downlink and transmit on uplink in these cells. It is also expected that in some cases (i.e. not in hidden node cases where the two cells with the same PCI are hidden from each other but are heard by UEs), network can detect PCI collision by listening to carriers and resolve it by changing the PCI values of their cells.

PCI confusion and PCI collision can be avoided completely if operators coordinate the PCI values for their LAA cells. Otherwise, the probability that they happen is scenario dependent, but it is expected that they will only happen rarely.
To further mitigate PCI confusion, EUTRAN cells provide a unique identifier (CGI) via system information broadcast. It was discussed whether LAA cells should provide a similar identifier. However, it is assumed that no such mechanism is required to address PCI confusion and PCI Collision.
7.2.2.6
In-device coexistence (IDC)
In Rel-11, solutions were introduced for handling in-device coexistence interference due to extreme proximity of multiple radio transceivers within the same UE operating on adjacent frequencies or sub-harmonic frequencies.
LAA design should support LAA with multiple other-technology radio modems, where it should, e.g., be possible to detect WLAN networks during LAA operation; note that this does not imply concurrent LAA+WLAN reception/transmission.
Current devices already support multiple RATs operating in close proximity. An example is shown in Figure 7.2.2.6 – 1, where transmissions by an LTE transmitter cause interference to a GPS receiver and a Bluetooth/WLAN receiver, and the Bluetooth/WLAN transmitter causes interference to the LTE receiver.
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Figure 7.2.2.6 - 1: Self-interference in a device
When the UE identifies that there is IDC type of interference, the UE shall first try to solve the problems internally. If this does not succeed, the UE can indicate to the eNB that it experiences IDC problems which it cannot solve itself. Note that how the UE detects IDC problems is left to implementation.

First, the UE indicates the frequencies that are suffering from IDC interference. In addition, if the UE determines that the IDC problems can be solved in a TDM-manner (i.e. by multiplexing the use of the interfering transceivers in time) the UE can indicate a bit-map or DRX cycles to the eNB which indicates which TTIs are affected by IDC interference.

When the eNB gets the indication, it can take action to solve the problems, for example, by performing a handover of the UE to other frequencies, removing the problematic cell or configuring the UE with a DRX-configuration which would solve the problem.
The existing IDC solutions can be used to support WLAN background scanning (e.g. by means of IDC TDM; Autonomous Denial) during LAA operation. The existing IDC solution can also be used to indicate interference problems for cases where the UE (intends to) uses WLAN on the same or adjacent carrier to the unlicensed carrier.
7.2.2.7 Listen-before-talk (LBT)

LBT for DL will not impact data reception in MAC at UE.
Editor’s Note: More description on LBT can be provided later, after the operation details become clearer from RAN1 input. 
7.3
Solutions for DL and UL operation in unlicensed spectrum
7.3.1
Physical layer aspects

7.3.2
Higher layer aspects




7.3.2.1
HARQ Operation
HARQ Process Mapping

In synchronous HARQ, UE identifies in each TTI the HARQ process that is associated with this TTI. Each TTI has one or two (depending on whether spatial multiplexing is used) HARQ processes associated to it and for the identified HARQ processes the UE will perform a transmission/retransmission. The association between TTIs and HARQ processes relies on UL HARQ being synchronous and the association follows from the timing relation: If there has been an initial transmission in a certain subframe for certain HARQ process, then 8 ms later (in FDD), this same HARQ process is considered for retransmission. The actual HARQ process ID is not specified and the UE is free to use any numeration. The UE receives HARQ feedback from the eNB on PHICH. PHICH received in TTI n relates to the transmission in TTI n-4. If the UE receives NACK on PHICH (but not receive grant), non-adaptive retransmissions is triggered automatically.
Asynchronous HARQ is recommended for LAA UL. To enable asynchronous HARQ the eNB needs to know which HARQ process the UE is using when performing a transmission/retransmission to know which soft-buffer the received transmission should be combined with. Hence, the eNB needs to indicate which HARQ process a grant is for and the redundancy version that should be used so that the UE uses the correct HARQ process with the correct redundancy version when performing a transmission or retransmission. Therefore, with the UL asynchronous HARQ protocol, all transmission or retransmission should be scheduled via PDCCH or EPDCCH. The process index is indicated in the HARQ process index field in the UL grant.
Number of HARQ Processes
In TS 36.213 [X] it is defined how many HARQ processes the UE shall support in DL. For FDD the UE maintains 8 or 16 (depending on whether spatial multiplexing is used) and for TDD the number of HARQ processes is dependent on the TDD configuration. 

For synchronous UL HARQ, the number of HARQ processes is not explicitly specified. Instead, the supported number follows from the HARQ timing. For asynchronous UL HARQ, a maximum number of HARQ processes may need to be specified. The exact number of UL HARQ processes in the eNB may be left to implementation.
Flushing UL buffer and CURRENT_TX_NB
In synchronous UL HARQ, the UE is maintaining a counter per HARQ process (CURRENT_TX_NB) which is increased every time the UE performs a transmission using the HARQ process. When this counter exceeds a configured value, the UE will flush the HARQ buffer. In addition, the UE stops non-adaptive retransmissions when flushing UL buffer. The UE will increase the counter every HARQ RTT, so this basically translates into the UE having a fixed time until it flushes the HARQ buffer.

With asynchronous UL HARQ, the UL HARQ buffers may need to be flushed based on some other mechanism.
NDI and Handling of New Transmissions
In addition to received NDI, triggering of new transmission depends on whether the UE has data in the UL HARQ buffer or not. In synchronous UL HARQ, if the UE receives a grant and either NDI has been toggled or the UL HARQ buffer is empty, the UE triggers a new transmission; otherwise, the UE triggers a retransmission.

With asynchronous UL HARQ, it may be necessary to update the handling of triggering of new transmissions.
DRX
When DRX is used, the UE will stay active depending on when the UE can expect an UL retransmission grant as described in the text below from TS 36.321 [Y]:

	When a DRX cycle is configured, the Active Time includes the time while: 

[…]
-
an uplink grant for a pending HARQ retransmission can occur and there is data in the corresponding HARQ buffer; or


With synchronous UL HARQ it is well defined when the UE can expect to receive UL grants as the HARQ process is following a fixed pattern. It should be noted that the UE monitors (E)PDCCH once in every HARQ RTT even if the UE has received ACK in PHICH. With asynchronous UL HARQ, the UE can no longer know when to expect grants as the eNB may send them at any point in time. In addition, if HARQ buffer is not flushed, the UE would never stop monitoring (E)PDCCH according to current mechanism. Therefore, with asynchronous UL HARQ, the DRX behaviour needs to be modified.
7.3.2.2 
QoS control
Due to LBT, there is no guarantee that a packet sent over LAA cell will be received within some time limit. Therefore, it is better not to send critical control information (SRB) or delay critical data or guaranteed bit rate (GBR) bearers through LAA cells. In DL, the eNB can decide which data of which radio bearer to map to which carrier. In UL, some rules should be given to UE, so that UE would not send any data from any radio bearer on any carrier. Hence, for LAA UL, each bearer/logical channel is configured as whether it can be offloaded to LAA cells or whether it may only be served by licensed carriers.
7.3.2.3
Listen-before-talk (LBT)

LBT for UL data transmission will impact MAC at UE.
Editor’s Note: More description on LBT can be provided later, after the operation details become clearer from RAN1 input.
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