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	Reason for change:
	Capture the RAN1 and RAN2 agreements of enhanced LAA for LTE into stage 2 specification.

	
	

	Summary of change:
	The RAN2 agreements which do not fit stage 2 specification or already be covered by SCell description in stage 2 are marked in grey.
RAN2#93b:

General:

Qos related: Configure per bearer/logical channel whether it can be offloaded to LAA SCells or whether it may only be served by licensed carriers.

•
HARQ related: 


1/ In line with RAN1 recommendation, asynchronous HARQ should be specified for UL HARQ in LAA SCells.


2/ For LAA UL every retransmissions needs to be scheduled by PDCCH


3Confirm the SI agreement that similar to normal CA no cross serving cell HARQ retransmissions are supported. (Same as current SCell)
•
RACH related: Contention based RA is not supported. Only contention free random access is supported on LAA cells if the NW decides to use RA. (Same as current SCell)
LBT modeling:

1
Higher layers (e.g. MAC) are not expected to know the outcome of LBT when building the respective PDUs.

2
PHY can indicate to higher layers (such as MAC) if a transmission was not performed due to LBT.
RACH:

1 The UE does not increase the preamble transmission power when a preamble is not transmitted due to LBT.

2
For dedicated preambles there will be a limit for how long the UE can use that preamble (how this is achieved in spec is FFS)

1: Only PDCCH order triggered RACH is allowed for LAA SCell; (Same as current SCell See 10.1.5.2)
2: For LAA SCell(s), RAR can be transmitted via PCell. (Same as current SCell See 10.1.5.2)
FFS whether RAR can be transmitted via SCells

3: UL grant in RAR should be respected even if there is no data for transmission in the UL buffers.. (Same as current behavior)
UL HARQ:

1
The following agreements on asynchronous HARQ for LAA SCell as baseline. (stage 3 details)
1a 
For asynchronous uplink HARQ, the counter for maximum number of retransmission is not used.

1b
Introduce UL HARQ RTT Timer and UL DRX retransmission timer per HARQ process.

1c
drx-ULRetransmissionTimer is started on the subframe UL HARQ RTT Timer has expired.

2a
PHICH will not be required to  provide explicit feedback for asynchronous UL HARQ.

2b
eNB uses NDI to trigger (re)transmissions.

2c
State variable HARQ_FEEDBACK is not used or maintained for asynchronous UL HARQ.

2d
Uplink HARQ RTT Timer length is set for 4 subframes.

3
For asynchronous HARQ on LAA SCell, HARQ buffer is not flushed.

4
Uplink HARQ RTT Timer is started in the subframe containing the indicated PUSCH transmission.
Others:

=>
SPS/TTI bundling is not configured for LAA SCell. (Same as current SCell)
=>     we have defined LCP for multiplexing of UL data and we want to use this unchanged for UL LAA. (Same as current LCP)
RAN2#94:

RACH:

1RAN2 confirms that we will specify that the dedicated RAP is used for a limited time duration only for LAA SCell (CR details are still FFS).

2: 
Introduce a new random access preamble transmission attempt counter PREAMBLE_ATTEMPT_COUNTER which is incremented regardless of whether a transmission occurs

3
Transmission of RAR always happens in PCell.

4
For calculation of RA-RNTI, the existing formula can be reused, i.e., t_id is the index of the first subframe of the specified PRACH (0≤ t_id <10) and f_id is the index of the specified PRACH interlace/PRB within that subframe 0≤ f_id< 6.

5:
The RA preamble (re)transmission should always be in the same LAA SCell.
1
Use a predefined HARQ process ID for RAR for eLAA. (same mechanism can be re-used for Rel-13 eMTC.)

FFS
Whether a predefined value for NDI is required
UL HARQ:

1:
For LAA SCell(s), the dropped transmission due to LBT is considered as performed transmission, i.e. the MAC entity remembers the NDI regardless of the LBT result.
QoS related:

1
Routing restrictions are configured per logical channel and apply for SRBs and DRBs.

2
Logical channel configuration indicates whether traffic for a logical channel can be transmitted in LAA SCells, i.e., configuration is not per serving cell.

3
MAC CEs can be sent via LAA SCells

4
If there are UL grants for both licensed and unlicensed serving cells in a TTI, it is left to UE implementation whether MAC CEs are sent through licensed or unlicensed cells.

LCP:

1: 
Joint processing of UL grants in one TTI shall be allowed only when the UL grants serve the same logical channels. (can be concluded later whether this has spec impact)

2: 
If UL grant for licensed cells and UL grant for unlicensed cells are allocated in the same TTI, it is left up to UE implementation which UL grant shall be processed first.

3: 
The LCP procedure should be applied to different logical channels depending on for which cell the UL grant is allocated.

-
For UL grant for licensed cells, the UE performs LCP for all logical channels.

-
For UL grant for unlicensed cells, the UE performs LCP only for logical channels that are allowed to be offloaded to unlicensed cell.
PDCCH subframe:

1
All subframes are considered PDCCH-subframes for LAA cells in MAC (no change from legacy behaviour)
Capture the changes of R2-164523 into latest TS36.300, and based on some RAN1 agreements updates section 5.7. 

Part of the RAN1 agreements which have been captured
RAN1#85:

· LBT type (i.e. Cat.4 LBT or LBT based on 25us CCA) is signaled via UL grant.
· 
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	The LAA agreements are not included in TS36.300.
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5.7
Licensed-Assisted Access

Carrier aggregation with at least one SCell operating in the unlicensed spectrum is referred to as Licensed-Assisted Access (LAA). In LAA, the configured set of serving cells for a UE therefore always includes at least one SCell operating in the unlicensed spectrum according to Frame Structure 3, also called LAA SCell. Unless otherwise specified, LAA SCells act as regular SCells.
If the absence of IEEE802.11n/11ac devices sharing the carrier cannot be guaranteed on a long term basis (e.g., by level of regulation), and for this release if the maximum number of unlicensed channels that E-UTRAN can simultaneously transmit on is equal to or less than 4, the maximum frequency separation between any two carrier center frequencies on which LAA SCell transmissions are performed should be less than or equal to 62MHz. The UE is required to support frequency separation in accordance with 36.133 [21].
LAA eNB and UE apply Listen-Before-Talk (LBT) before performing a transmission on LAA SCell. When LBT is applied, the transmitter listens to/senses the channel to determine whether the channel is free or busy. If the channel is determined to be free, the transmitter may perform the transmission; otherwise, it does not perform the transmission. If an LAA eNB uses channel access signals of other technologies for the purpose of LAA channel access, it shall continue to meet the LAA maximum energy detection threshold requirement.
The combined time of transmissions compliant with the channel access procedure described in section 15.1.2 of [6] by an eNB should not exceed 50 ms in any contiguous 1 second period on an LAA SCell.
Which LBT type (i.e. Cat.4 LBT or 25 microseconds LBT) the UE applies is signalled via uplink grant for uplink PUSCH transmission on LAA SCells.
5.7.1
Channel Access Priority Classes

For LAA, four Channel Access Priority Classes are defined in [6] which can be used when performing uplink and downlink transmissions in LAA carriers. Table 5.7.1-1 shows which Channel Access Priority Class should be used by traffic belonging to the different standardized QCIs. A non-standardized QCI (i.e. Operator specific QCI) should use suitable Channel Access Priority Class based on the below table, i.e. the Channel Access Priority Class used for a non-standardized QCI should be the Channel Access Priority Class of the standardized QCIs which best matches the traffic class of the non-standardized QCI.
Table 5.7.1-1: Mapping between Channel Access Priority Classes and QCI

	Channel Access Priority Class (
[image: image1.wmf]p

)
	QCI

	1
	1, 3, 5, 65, 66, 69, 70

	2
	2, 7

	3
	4, 6, 8, 9

	4
	-


5.7.2
Multiplexing of data
Four Channel Access Priority Classes are defined in [6]. If a DL transmission burst with PDSCH is transmitted, for which channel access has been obtained using Channel Access Priority Class P (1...4), E-UTRAN shall ensure the following where a DL transmission burst refers to the continuous transmission by E-UTRAN after a successful LBT:

-
the transmission duration of the DL transmission burst shall not exceed the minimum duration needed to transmit all available buffered traffic corresponding to Channel Access Priority Class(es) ≤ P;
-
the transmission duration of the DL transmission burst shall not exceed the Maximum Channel Occupancy Time (
[image: image2.wmf]p
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 as defined in Table 15.1.1-1 of [6]) for Channel Access Priority Class P;
-
additional traffic corresponding to Channel Access Priority Class(s) > P may only be included in the DL transmission burst once no more data corresponding to Channel Access Priority Class ≤ P is available for transmission. In such cases, E-UTRAN should maximise occupancy of the remaining transmission resources in the DL transmission burst with this additional traffic.
-------------Next change-----------
6.4
Carrier Aggregation

In case of CA, the multi-carrier nature of the physical layer is only exposed to the MAC layer for which one HARQ entity is required per serving cell;

-
In both uplink and downlink, there is one independent hybrid-ARQ entity per serving cell and one transport block is generated per TTI per serving cell in the absence of spatial multiplexing. Each transport block and its potential HARQ retransmissions are mapped to a single serving cell;
-
HARQ operation is asynchronous for Licensed-Assisted Access (LAA) SCells.
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Figure 6.4-1: Layer 2 Structure for DL with CA configured
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Figure 6.4-2: Layer 2 Structure for UL with CA configured

-------------Next change-----------

7.5
Carrier Aggregation

When CA is configured, the UE only has one RRC connection with the network. At RRC connection establishment/re-establishment/handover, one serving cell provides the NAS mobility information (e.g. TAI), and at RRC connection re-establishment/handover, one serving cell provides the security input. This cell is referred to as the Primary Cell (PCell). In the downlink, the carrier corresponding to the PCell is the Downlink Primary Component Carrier (DL PCC) while in the uplink it is the Uplink Primary Component Carrier (UL PCC).

Depending on UE capabilities, Secondary Cells (SCells) can be configured to form together with the PCell a set of serving cells. In the downlink, the carrier corresponding to an SCell is a Downlink Secondary Component Carrier (DL SCC) while in the uplink it is an Uplink Secondary Component Carrier (UL SCC).

The configured set of serving cells for a UE therefore always consists of one PCell and one or more SCells:

-
For each SCell the usage of uplink resources by the UE in addition to the downlink ones is configurable (the number of DL SCCs configured is therefore always larger than or equal to the number of UL SCCs and no SCell can be configured for usage of uplink resources only); 

-
From a UE viewpoint, each uplink resource only belongs to one serving cell;

-
The number of serving cells that can be configured depends on the aggregation capability of the UE (see subclause 5.5);

-
PCell can only be changed with handover procedure (i.e. with security key change and RACH procedure);

-
PCell is used for transmission of PUCCH; 
-
If DC is not configured one additional PUCCH can be configured on an SCell, the PUCCH SCell;
-
Unlike SCells, PCell cannot be de-activated (see subclause 11.2);

-
Re-establishment is triggered when PCell experiences RLF, not when SCells experience RLF; 

-
NAS information is taken from PCell.

The reconfiguration, addition and removal of SCells can be performed by RRC. At intra-LTE handover, RRC can also add, remove, or reconfigure SCells for usage with the target PCell. When adding a new SCell, dedicated RRC signalling is used for sending all required system information of the SCell i.e. while in connected mode, UEs need not acquire broadcasted system information directly from the SCells. 
When a PUCCH SCell is configured, RRC configures the mapping of each serving cell to Primary PUCCH group or Secondary PUCCH group, i.e., for each SCell whether the PCell or the PUCCH SCell is used for the transmission of ACK/NAKs and CSI reports.
For LAA SCell the following additional principles are applied:

-
The eNB can configure whether the data of a logical channel can be transferred via LAA SCells;

-------------Next change-----------

9
ARQ and HARQ

E-UTRAN provides ARQ and HARQ functionalities. The ARQ functionality provides error correction by retransmissions in acknowledged mode at Layer 2. The HARQ functionality ensures delivery between peer entities at Layer 1.

9.1
HARQ principles

The HARQ within the MAC sublayer has the following characteristics:

-
HARQ transmits and retransmits transport blocks;

-
In the downlink:

-
N-process Stop-And-Wait;
-
Asynchronous adaptive HARQ;

-
Uplink ACK/NAKs in response to downlink (re)transmissions are sent on PUCCH or PUSCH (except for NB-IoT);
-
For BL UEs or UEs in enhanced coverage, uplink ACK/NAKs are sent in response to transmission bundles;
-
For NB-IoT, Uplink ACK/NAKs in response to downlink (re)transmissions are sent on NPUSCH;
-
PDCCH signals the HARQ process identifier (except for NB-IoT) and if it is a transmission or retransmission;

-
Retransmissions are always scheduled through PDCCH.

-
In the uplink:

-
N-process Stop-And-Wait;
-
For NB-IoT, Asynchronous adaptive HARQ is supported;
-
Synchronous HARQ (except for NB-IoT);
-
Asynchronous adaptive HARQ;

-
Maximum number of retransmissions configured per UE (as opposed to per radio bearer);
-
For asynchronous adaptive HARQ, HARQ process identifier is either signalled by PDCCH or fixed (see subclause 5.4.2.1 in [13]).
-
Downlink ACK/NAKs in response to uplink (re)transmissions are sent on PHICH except for NB-IoT, BL UEs or UEs in enhanced coverage or for SCells configured with uplink LAA;
-
For NB-IoT Downlink ACK/NAKs in response to uplink (re)transmissions are sent on NPDCCH, and uplink re-transmissions are always triggered according to Downlink ACK/NAK on the NPDCCH;
-
HARQ operation in uplink is governed by the following principles (summarized in Table 9.1-1) except for asynchronous adaptive HARQ and NB-IoT:

1)
Regardless of the content of the HARQ feedback (ACK or NACK), when a PDCCH for the UE is correctly received, the UE follows what the PDCCH asks the UE to do i.e. perform a transmission or a retransmission (referred to as adaptive retransmission);

2)
When no PDCCH addressed to the C-RNTI of the UE is detected, the HARQ feedback dictates how the UE performs retransmissions:

-
NACK: the UE performs a non-adaptive retransmission i.e. a retransmission on the same uplink resource as previously used by the same process;

-
ACK: the UE does not perform any UL (re)transmission and keeps the data in the HARQ buffer. A PDCCH is then required to perform a retransmission i.e. a non-adaptive retransmission cannot follow.
- 
For asynchronous adaptive HARQ, HARQ feedback is not sent and the UE follows what the PDCCH asks the UE to do i.e. perform a transmission or a retransmission.
-
In the sidelink:

-
No HARQ feedback;

-
Retransmissions are always performed in a pre-defined/ configured number.
-
Measurement gaps and sidelink discovery transmission during a sidelink discovery gap for transmission are of higher priority than HARQ retransmissions: whenever an HARQ retransmission collides with a measurement gap or sidelink discovery transmission during a sideink discovery gap for transmission, the HARQ retransmission does not take place.

Table 9.1-1: UL synchronous HARQ Operation

	HARQ feedback seen by the UE
	PDCCH
seen by the UE
	UE behaviour

	ACK or NACK
	New Transmission
	New transmission according to PDCCH

	ACK or NACK
	Retransmission
	Retransmission according to PDCCH (adaptive retransmission)

	ACK
	None
	No (re)transmission, keep data in HARQ buffer and a PDDCH is required to resume retransmissions

	NACK
	None
	Non-adaptive retransmission


9.2
ARQ principles

The ARQ within the RLC sublayer has the following characteristics:

-
ARQ retransmits RLC PDUs or RLC PDU segments based on RLC status reports;

-
Polling for RLC status report is used when needed by RLC;

-
RLC receiver can also trigger RLC status report after detecting a missing RLC PDU or RLC PDU segment.

9.3
Void
-------------Next change-----------

11.1.2
Uplink Scheduling

In the uplink, E-UTRAN can dynamically allocate resources (PRBs and MCS) to UEs at each TTI via the C-RNTI on PDCCH(s). A UE always monitors the PDCCH(s) in order to find possible allocation for uplink transmission when its downlink reception is enabled (activity governed by DRX when configured). When CA is configured, the same C-RNTI applies to all serving cells.

In addition, E-UTRAN can allocate a semi-persistent uplink resource for the first HARQ transmissions and potentially retransmissions to UEs:

-
RRC defines the periodicity of the semi-persistent uplink grant;

-
PDCCH indicates whether the uplink grant is a semi-persistent one i.e. whether it can be implicitly reused in the following TTIs according to the periodicity defined by RRC.

In the sub-frames where the UE has semi-persistent uplink resource, if the UE cannot find its C-RNTI on the PDCCH(s), an uplink transmission according to the semi-persistent allocation that the UE has been assigned in the TTI can be made. The network performs decoding of the pre-defined PRBs according to the pre-defined MCS. Otherwise, in the sub-frames where the UE has semi-persistent uplink resource, if the UE finds its C-RNTI on the PDCCH(s), the PDCCH allocation overrides the persistent allocation for that TTI and the UE’s transmission follows the PDCCH allocation, not the semi-persistent allocation. Retransmissions are either implicitly allocated in which case the UE uses the semi-persistent uplink allocation, or explicitly allocated via PDCCH(s) in which case the UE does not follow the semi-persistent allocation.

NOTE:
there is no blind decoding in uplink and when the UE does not have enough data to fill the allocated resource, padding is used.

When the UE is provided with valid uplink grants in several serving cells in one TTI, the order in which the grants are processed during logical channel prioritisation and whether joint or serial processing is applied are left up to UE implementation, while adhering to transmission  restrictions of a logical channel via LAA SCells.
Similarly as for the downlink, semi-persistent uplink resources can only be configured for the PCell and only PDCCH allocations for the PCell can override the semi-persistent allocation. When DC is configured, semi-persistent uplink resources can only be configured for the PCell or PSCell. Only PDCCH allocations for the PCell can override the semi-persistent allocation for PCell and only PDCCH allocations for the PSCell can override the semi-persistent allocation for PSCell.
For NB-IoT:
-
Scheduling information for uplink data is transmitted on a downlink physical control channel denoted NPDCCH. The scheduled uplink data is transmitted on shared data channels denoted NPUSCH;

-
The transmission duration in number of sub-frames for the NPUSCH is variable;

-
The transmission duration in number of sub-frames is semi-static for the NPDCCH and is indicated for the NPUSCH as part of the scheduling information transmitted on the NPDCCH;
-
The start time of the NPUSCH relative to the NPDCCH is signaled as part of the scheduling message.
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