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Introduction

This contribution lists agreements and working assumptions made so far for Rel-13 LAA (WI code LTE_LAA) sorted by topic. Since the purpose of this contribution is to serve as input to RAN1 CR drafting, agreements and working assumptions (or parts thereof) that have definitely been made obsolete by later agreements are shown as being crossed out. 
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1
LBT agreements:
Agreements:
· For LBT operation,  an ECCA slot size of 9 µs is used
· The actual sensing time is at least 4 µs within the slot.
· For LBT Category 4 operation for PDSCH 
· A defer period consists of a duration of 16 us followed by n consecutive CCA slots.
· n is a positive integer
· The duration of a CCA slot is 9 us.
· FFS on number of slots in the defer period, e.g., n for different QoS classes.
· No count down is performed during the duration of 16 µs at the start of the defer period.
· The backoff counter may be decremented by one at the end of a defer period when all the n slot are observed to be idle.
· If the counter reaches 0 after decrementing, the node shall not transmit immediately and continues the ECCA procedure by performing a CCA check for at least one slot
· FFS: The defer period may be aborted when the channel is observed to be busy anytime in the differ period
Agreements:
Clarification of LBT procedure: 

· During the eCCA procedure, the backoff counter does not have to be decremented when a slot is sensed to be idle.

· If a slot is not observed it should be assumed to be busy.

Agreement:
· There should be at least one extended CCA between two consecutive DL transmission bursts
Agreements:
· Signal subtraction from ED as a way to enable frequency reuse is not considered in Rel-13

· Note: Frequency reuse is a design target for LAA
Agreements:
· A DL category 4 LBT priority class is defined at least by the minimum and maximum contention window (CW) sizes and the number of CCA slots in the defer period in Table below where the smaller the LBT priority class number, the higher the priority.

· In the table CWmin, CWmax and n refer to the minimum contention window size, the maximum contention window size and the number of CCA slots in the defer period, respectively. 

· Rel-13 supports at least DL LBT priority class 3

· Use of different LBT parameters than the DL LBT priority class 3 will be supported in Rel-13 if RAN2 and RAN1 finds the associated work feasible within Rel-13 time frame

· For a DL burst transmission containing PDSCH, an LAA SCell operates with a single DL category 4 LBT priority class at a time when performing random backoff.

· Best effort traffic shall not use a DL LBT priority class with higher priority than the DL LBT priority class 3.

	LBT priority class
	CWmin
	CWmax
	n

	1
	3
	7
	1

	2
	7
	15
	1

	3
	15
	63
	3

	4
	15
	1023
	7


· Note:  The Maximum channel occupancy time (and whether different values per LBT class are needed) requires further discussion

· FFS if an intended DL transmission burst with PDSCH contains traffic corresponding to different LBT priority classes, the lowest priority shall be used for the LBT parameters.

· FFS if more DL LBT priority classes are needed.

· Inform RAN2 of the DL LBT priority classes and request them to take this into consideration in their associated work.

· FFS on the DL LBT priority class for UL grant only transmission
Agreements:
· A DL transmission burst (which may not start with the DRS) containing DRS without PDSCH within the DMTC immediately follows a single idle observation interval of at least 25 us

· The total duration of the DL transmission burst is not longer than 1 ms (i.e. x = 0 from previous agreement)

· FFS: ED threshold used

1.1
Multi-carrier

Agreements:
· For multi-Carrier LBT on a group carriers
· Alt1: eNB performs Cat-4 based LBT on only one unlicensed carrier

· When the eNB completes LBT on a carrier, the eNB can sense other configured carriers for a period, e.g., PIFS (25 microseconds), immediately before the completion of LBT on the carrier.

· The eNB is allowed to transmit DL data burst(s) on the carriers sensed idle according to above procedure.

· FFS: How fast the eNB can change the carrier requiring Cat-4 based LBT

· FFS: Whether to apply the Wi-Fi channel bonding rule

· FFS: Energy detection threshold used on channels not performing Cat-4 based LBT

· Alt2: eNB performs Cat-4 based LBT on more than one unlicensed carriers

· The eNB is allowed to transmit DL data burst(s) on the carriers that has completed Cat-4 based LBT with potential self-deferral (including idle sensing for a single interval) to align transmission over multiple carriers. 

· FFS: If the eNB can receive on a carrier while transmitting on another carrier, freeze backoff counter(s) for the carrier(s) not transmitting while other carrier(s) is transmitting if the carriers are within X MHz apart

· FFS: X MHz

· FFS: Whether LAA supports Alt1 + Alt2 or Alt2 only.

1.2
Threshold setting

Agreements:
· RAN1 shall identify adaptation rules for LAA to adaptively lower the maximum energy detection threshold to ensure co-existence with other RATs including Wi-Fi and good performance of LAA
· Technologies that ensure co-existence with other RATs including Wi-Fi, using alternative means not requiring lowering of the maximum energy detection threshold, are not precluded.
· At least the following shall be considered in defining the adaptation rules of the maximum energy detection threshold:
· Antenna gain and number of transmit antennas

· Coexistence with LAA in absence of other RATs including Wi-Fi

· The maximum rated EIRP of the LAA transmission point within unlicensed band
· The maximum EIRP within the transmission burst following the LBT procedure 
· The transmission bandwidth
· Measured ambient noise floor
· Deployment scenario: Indoor, outdoor
· Estimated Load on the operating channel
· Feasibility of the co-existence test
· Single global solution
· In regions and bands/sub-bands without regulations, define an upper bound for the maximum energy detection threshold taking into consideration
· May be based on bandwidth and presence of other RATs
Agreements:
· RAN1 first identifies cases for ED threshold adaptation, and rules for each case

· Starting from R1-156320, R1-156269, R1-156360, and R1-156361
· Email approval until 29th October – Havish (Ericsson)
1.3
Contention window adjustment

Agreements:
For contention window size adjustment for LBT category 4 operation for PDSCH, the following options should be studied further

· For LBT Category 4 operation for PDSCH, the CWS (contention window size) is adjusted based on  HARQ ACK/NACK feedback

· FFS on the details of how to use the HARQ ACK/NACK feedback. More details on the procedure should be provided as much as possible within RAN1#82
· For LBT Category 4 operation for PDSCH, the CW size is adjusted based on the eNB medium sensing based metrics

· The following options have been identified to derive the metric

· Option 1: Number of busy periods between transmissions 

· A busy period is the total time the channel is occupied between two idle CCA slots 
· Option 2: Number of idle slots (or) ratio of the number of idle to busy slots within a defined observation window
· FFS on the details for the two options above. More details on the procedures should be provided as much as possible within RAN1#82
Working assumption:
· For LBT operation for PDSCH, the CW size (CWS) is adjusted based on HARQ ACK/NACK feedback. 
· FFS: Additional criteria for adjustment based on eNB sensing

Agreements:
· For CWS adjustment based on HARQ-ACKs,

· Set of CWSs for LBT priority class 3 = {15, 31, 63}

· The CWS is increased if at least Z % of the HARQ-ACK feedback values for a reference subframe set are NACK. Otherwise, the CWS is reset to the minimum value (i.e., 15).

· Reference subframe set (to be down selected)

· Alt. 1: the latest DL subframe for which HARQ-ACK feedback is available
· Alt. 2: the first DL subframe of the latest DL data burst for which HARQ-ACK feedback is available 
· Alt. 3: all subframes for which HARQ-ACK feedback is available of the latest DL data burst for which HARQ-ACK feedback is available
· FFS on the Z value. Select one out of {10%, 50%, 75%, 100%}.

· In addition, the CWS is reset to the minimum value (i.e., 15) if the maximum CWS (i.e., 63) is used for K consecutive eCCA for transmission
· K is selected by NW from the set of values from (1, …,8)
· FFS: Whether the CWS is reset to the minimum value if there has been no DL transmission by the eNB for a duration of at least T
· FFS: HARQ-ACK DTX
2
Design agreements

2.1
DRS

Working assumption:
· In an unlicensed carrier, DRS and PDSCH can be multiplexed and transmitted within a subframe, at least in subframes 0 and 5, where the PDSCH transmission follows Cat4 LBT scheme defined for PDSCH

· FFS how to multiplex DRS and PDSCH in a same subframe 

· FFS whether PDSCH and DRS can be multiplexed in the same subframe, if subframe 0 or 5 is not part of the DRS occasion 

Agreements:

· Subject to LBT, allow the DRS without PDSCH to be transmitted in one of different time positions within the configured DMTC where the DMTC timing is relative to the PCell timing. In this case,

· Duration of the signals in the DRS (which doesn’t include potential initial signal) is less than 1 ms (a single idle sensing interval is used for the LBT procedure prior to transmission of the DRS)

· FFS: Duration of the DRS occasions when the duration is less than 1 ms
· FFS: case where duration of the signal in DRS is 1 ms or longer
· Allow DRS transmission in subframe other than #0 and #5

· Position of DRS in a subframe is the same for all candidate subframes in the DMTC

· Following alternatives can be considered for sequence generation for SSS/RS in subframes with DRS

· Alt. 1: Generate SSS/RS sequences according to the subframe index of DRS

· Alt. 2: Generate SSS/RS sequences irrespective of the subframe index of DRS

· FFS: other alternatives

Conclusions:

· Companies are encouraged to evaluate followings until the next RAN1 meeting:

· RRM measurement performance for DRS:

· Single shot cell detection performance

· Single shot RSRP measurement performance

· Candidate DRS structures with one or two CRS port(s):

· Rel-12 DRS for FDD

· 4 OFDM symbols: CRS/SSS/PSS/CRS (e.g. in symbols 4/5/6/7)

· Also study the above cases when:

· PSS and SSS are repeated in frequency domain
· PAPR should be evaluated

· PSS and SSS are repeated in time domain
· Only SSS is repeated in time domain in the DRS subframe

· The minimum transmission bandwidth is 5 MHz
· This does not preclude measurement on 6 PRBs
· The transmission periodicity is the same as Rel-12 DRS
· Note that other DRS structures are not precluded
Observations:

· If SINR side condition is -6dB, using only existing PSS/SSS is not sufficient for greater than 90% one-shot cell detection

· If SINR side condition is X dB, using only existing PSS/SSS can be sufficient for greater than 90% one-shot cell detection

· Source R1-155938 shows X~-1dB

· Source R1-155644 shows X~-3dB

· Source R1-156039 shows X~-2dB

Working assumptions:
· SINR side condition or detection probability for LAA cell detection performance requirement(s) can be relaxed compared to Rel-12

· Cell detection with a single DRS occasion is supported based on existing PSS/SSS
· Send LS to RAN4 to confirm feasibility of cell detection with a single DRS occasion to decide SINR side condition and cell detection probability

· Detection probability associated with transmission burst can be discussed further

Agreements:
· The signals comprising the LAA DRS are the same as symbols 0-11 of the Rel-12 DRS for FDD (LAA assumes normal CP)
· DRS occasion duration is 12 symbols
· NZP-CSI-RS of the Rel-12 DRS can be transmitted in symbols #9 and #10, if configured
Agreements:
· UE can be configured with DRS and CSI-RS in the same subframe, for the purpose of CSI channel measurement using the configured CSI-RS

· FFS: CSI-RS configuration details

· FFS: Depending on the DRS design, the UE can assume CRS ports are transmitted during a DRS occasion for the purpose of CSI measurement 
2.2
RSSI

Agreements:
· For the UE reporting RSSI measurement in the unlicensed carrier, the timing where the UE may perform RSSI measurement should be indicated to the UE
· FFS: RSSI is measured from all OFDM symbols of the measurement period where the UE performs RSSI measurement 
· The RSSI measurement timing configuration may be independently configured from the DMTC
· Note that RSSI is different from the existing RSSI
· FFS averaging granularity
· FFS additional RSSI measurement gap
Agreements:
· The measurement duration (averaging granularity) for a single UE-reported RSSI measurement instance should be indicated to the UE:
· Support a minimum duration of one OFDM symbol
· Support a maximum duration of 5ms 
· Potential higher-layer filtering of multiple UE-reported RSSI measurement instances (for average RSSI) and the definition of statistics reflecting channel occupancy are up to RAN2 (and RAN4). 

· A measurement gap duration (i.e. 6ms) may contain multiple measurement instances

· FFS: UE behaviour when a RSSI measurement instance overlaps with the transmission of the serving cell
· FFS: Intermediate averaging granularity values
2.3
CSI

Agreements:
· RAN1 recommends signaling parameters describing the potential periodic subframes for NZP CSI-RS and CSI-IM configured for CSI measurement are the same as in Rel-12

· FFS: Aperiodic subframe case

· FFS: DRS occasion overlapping with potential periodic subframe configured for NZP CSI-RS and CSI-IM
· Note that this does not preclude applicability to LAA of any CSI-RS enhancements in other Rel-13 WIs
2.4
DL transmissions
Agreements:
· Support CRS-based and DMRS-based transmission schemes/modes in LAA
· FFS whether and how to handle power fluctuation and discontinuous transmission

· FFS which transmission schemes/modes are supported

Agreements:
· The following option is excluded for PDSCH transmission in a DL subframe on a LAA SCell

· Option 2: A DL transport block is transmitted on a subset of the OFDM symbols in the DL subframe and all OFDM symbols in the next or the previous subframe (i.e. Super TTI)
· Further study on the following options for PDSCH transmission in a DL subframe on a LAA SCell considering spectrum efficiency, eNB/UE complexity, etc

· Option 1: A DL transport block is only transmitted on a subset or all of the OFDM symbols in the DL subframe (i.e. Partial TTI)
· Option 3: A DL transport block is transmitted on a subset of OFDM symbols in the DL subframe and a subset of the OFDM symbols in the next or the previous subframe within a TTI less than or equal to 1ms or in a subset or all OFDM symbols in one subframe (i.e. Floating TTI)
Working assumption:
· Transmission of DL subframes (or TTI) with CRS only in the first (first two) symbol(s) is supported in LAA

· Note: CRS is present in 1/2 symbols when (1 or 2)/4 port CRS is configured

· PDSCH mapping from the second symbol is allowed in such subframes (or TTI)

· FFS restrictions  to ensure fine synchronization. For e.g.,  first subframe (or TTI) in a DL transmission burst

· FFS more CRS than in first two symbols to ensure fine synchronization

· FFS configuration/signalling of such subframes (or TTI)

· FFS: partial subframes

· FFS: DRS subframes

Agreements:
· Every subframe 0 and 5, when transmitted by the eNB, should contain Rel-12 PSS/SSS/CRS where PSS/SSS/CRS in the LAA DRS is a subset of these signals.

· Number of CRS ports should be the same or higher than the number of CRS ports in the DRS.

· FFS: Partial TTI in SF0 and SF5

· FFS: Changes to scrambling for SSS/CRS 

· Note: A UE is only expected to detect and measure cells transmitting DRS during the configured DRS DMTC window (from RAN2 agreements)
· The PSS/SSS/CRS in LAA DRS is a subset of Rel-12 PSS/SSS/CRS.

· FFS: Changes to scrambling for SSS/CRS 

Working assumption:
· Adopt one of the following options for achieving synchronization in addition to synchronization provided by DRS:

· Option 1: Initial signal (SSS/PSS) is transmitted before the first data/control OFDM symbol of the DL transmission burst. 4 CRS-port 0 OFDM symbols are transmitted in at least the first subframe of DL transmission burst 

· Option 2: 4 CRS-port 0 OFDM symbols are transmitted in a subframe

Agreements:
· Adopt one or some of the following options for detecting transmissions (except for partial subframe) from a serving cell:
· Option 1: Initial signal (SSS/PSS) is transmitted before the first data/control OFDM symbol of the DL transmission burst
· Option 2: 1 CRS-port 0 (+ 1) OFDM symbols are transmitted in every subframe
· Option 3: Detecting (E)PDCCH when scheduled
Agreements:
· UE may assume that OFDM symbol#0 containing CRS-port 0+1 (or CRS-port 0) is transmitted in every subframe (FFS: for partial subframe) subject to LBT
· Note: “UE may” implies no intention to specify explicit UE procedure related to detecting tx burst according to the above
Agreements:
· DL transport block in the last subframe of a DL Tx burst can be transmitted using DwPTS structure, or a full subframe

· FFS how to signal the structure of the last subframe

· FFS whether to define a 13-symbol partial subframe

· FFS whether DwPTS structure with 3 OFDM symbols can be used for the last subframe

· FFS down selection
Agreements:
· UE may assume that the transmission power for CRS and CSI-RS in the DRS is constant for RRM measurements regardless of the subframe in which the DRS is transmitted within the DMTC

Working assumption:
· UE may assume that the CRS and CSI-RS transmission has a constant power in each subframe of DL transmission burst, and the UE should not assume that the CRS and CSI-RS transmission power is the same across transmission bursts

· FFS: Whether there is any problem with AGC

· FFS: Whether there is an issue with CSI measurements due to potential mismatch in UE’s measured subframe and eNB’s understanding of the measured subframe

· FFS: How the UE identifies whether subframes belong to the same transmission burst

· Note: The following options and other potential options for such identification are not precluded.

· Such identification is left up to UE implementation.
· Such identification is provided via assistance from the eNB.
Agreements:
· TM1, TM2, TM3, TM4, TM8, TM9, and TM10 are supported on LAA SCell from RAN1 specification point of views
· TM10 supports at least QCL type A


· FFS: QCL type B
· PQI bits are still present in DCI format 2D

· Fallback transmission schemes are supported
Note: There is a comment related to UE capability for TMs, and at least TM8, 9, 10 should be optional in Rel-13 as one of future RAN1 recommendations

2.5
Others
DL HARQ timing (LAA TR)
The DL HARQ-ACK timing rules from Rel-12 CA can be reused at least for DL-only LAA transmissions, i.e., the timing between the subframe in which a LAA PDSCH transmission ends and the subframe in which the corresponding HARQ-ACK feedback is transmitted follows the DL HARQ-ACK timing based on Rel-12 FDD-FDD and TDD-FDD CA specifications assuming that the LAA SCell is an FDD SCell.
Working assumptions:
· For self-carrier scheduling, the following UL LBT candidate procedures should be considered
· A CCA duration of 25 us before the transmission burst
· The sensing duration can be less than the CCA duration
· A category 4 LBT scheme with a defer period of 25 µs including a defer duration of 16 us followed by one CCA slot, and a maximum contention window size of X={3, 4, 5, 6, 7}, respectively
· FFS: The random backoff counter is generated at the eNB and is signalled to the UE
· The UL maximum contention window size should be smaller than for DL category 4 LBT
· Note that X = 7 can be revisited later after DL LBT discussions, if necessary
· FFS: Transmission without LBT when UL transmission burst follows DL transmission burst with a gap of at most 16 µs between the two bursts
UL LBT for LAA

Email approval until 21st September (R1-154831 and R1-154832 can be considered as a starting point)
Done: According to Mr Chair’s decision (email dated on Oct 2nd ), the following is agreed:

Agreement:
· For self-carrier scheduling, the following UL LBT candidate procedures should be considered

· A CCA duration of at least 25 us before the transmission burst

· The sensing duration in a CCA slot can be less than the CCA slot duration

· A category 4 LBT scheme with a defer period of 25 µs including a defer duration of 16 us followed by one CCA slot, and a maximum contention window size chosen from X={3, 4, 5, 6, 7},

· FFS: The random backoff counter is generated at the eNB and is signaled to the UE

· FFS: When a UL grant is subject to LBT with a new random counter, the UL transmissions scheduled by the UL grant also uses a new random counter (previous counter is discarded) irrespective of prior success/failure in accessing the channel. 

· The UL maximum contention window size should be smaller than for DL category 4 LBT

· Note that X = 7 can be revisited later after DL LBT discussions, if necessary

· FFS: Energy detection threshold used for UL LBT

Agreement:
· To avoid severe interference to on-going transmissions of other LAA networks or other technologies (e.g. Wi-Fi), LAA UE device should consider LBT before sending UL transmission burst.

· FFS: Whether and under what conditions the following option may be used.

· Transmission without LBT when an UL transmission burst on a carrier follows a DL transmission burst on that respective carrier with a gap of at most 16 µs between the two bursts

Note: Performance analysis shall demonstrate fair co-existence with Wi-Fi, when UL LBT procedure (including transmission without LBT) is used along with Rel-13 DL LBT procedure (including energy detection threshold applied at LAA eNB).

Agreement:
· For cross-carrier scheduling, when an LBT operation is performed on the SCell to send a grant on another Cell, the UL LBT procedure is the same as that for self-carrier scheduling. 

· For cross-carrier scheduling, when an LBT operation is not performed on the SCell, one or more of the following UL LBT procedures should be supported
· A CCA duration of at least 25 us before the transmission burst
· The sensing duration can be less than the CCA duration
· A category 4 LBT scheme with a defer period of 25 µs including a defer duration of 16 us followed by one CCA slot, 
· FFS: The random backoff counter is generated at the eNB and is signalled to the UE
· FFS: Whether the UL maximum contention window size can be smaller than that for DL category 4 LBT

· FFS: Whether the UL maximum contention window size should be greater than that for self-carrier scheduled UL

· FFS: Energy detection threshold used for UL LBT

