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1   Introduction
In this document, we discuss possible physical layer options for supporting LAA-LTE. 

In section 2.1 we discuss discovery signal transmission on unlicensed carrier. In section 2.2, we discuss Scell operation on unlicensed carrier. In section 2.3, we discuss initial signal transmission. In section 2.4 we discuss CSI measurements. In section 2.5, we discuss enhancements for UL operation on unlicensed carrier.
2   Discussion

Listen-before-talk (LBT) and discontinuous transmission requirements are mandatory in some countries/regions. In the following section we discuss modifications to physical layer signalling/assumptions (compared to Rel12) for operating LAA-LTE UEs in unlicensed spectrum with such requirements. The modifications will also help in improving LAA-LTE ((Wi-Fi coexistence on the same unlicensed carrier. 
2.1 Discovery signal transmission unlicensed carrier 

In the Paris ad hoc meeting and subsequently in RAN1#80b, the following agreement was reached. 
Agreements:

· Followings are updated agreements (bold fonts are updated points) from LAA ad-hoc meeting (see minutes in R1-151455) 

· DRS design should allow DRS transmission on an LAA SCell to be subject to LBT

· Consider the following 2 options for the transmission of DRS within a DMTC window if LBT is applied to DRS

· Alt1: Subjected to LBT, DRS is transmitted in fixed time position within the configured DMTC

· Alt2: Subject to LBT, allow the DRS to be transmitted in at least one of different time positions within the configured DMTC if LBT succeeds
· Note: The number of different time positions should be restricted

· Note: One possibility is one time position in the subframe

· Modifications to Rel-12 DMTC configuration are FFS

· Note: this does not preclude the possibility to allow other DRS transmissions outside of the configured DMTC

Alt 1 indicates that a DRS for a cell is transmitted in fixed subframes (relative to the frame structure, e.g. as in Rel-12), and the eNB transmits DRS in a DRS occasion if that DRS occasion occurs within the eNB’s transmission burst. 
· From a UE implementation perspective, in every configured DMTC, the UE does need not to blindly detect the location of the DRS within the configured DMTC. 
· From a performance perspective, assuming that the UE is able distinguish between a ‘muted’ DRS occasion and a regular DRS occasion, the main performance impact will be at high carrier loading where the number of samples available for measurements are reduced.  

For Alt 2, if LBT prevents transmission of DRS in the fixed subframe(s), DRS can be transmitted in different subframe(s) within the configured DMTC if LBT succeeds. This implies for example, that the PSS/SSS of DRS may be transmitted in a subframe other than a fixed subframe within the configured DMTC. 
· From a UE implementation perspective, UE has to blindly determine the location of DRS within each DMTC occasion from the possible time positions. Also, new rate-matching may have to be defined if PDSCH/EPDCCH mapping on same RBs (e.g. the inner 6 RBs) as DRS is allowed.
· From a performance perspective, the number of samples available for measurement reporting will be higher than that of Alt 1 (since DRS occasions are moved instead of muted). However, the gain depends on whether the eNB is able to access the channel during the DMTC. Also, for this case, averaging gain across multiple time-varying DRS occasions may not be as high as for the case where the expected DRS occasions follow a fixed pattern.

Proposal -   RAN1 should consider Alt1 (Subjected to LBT, DRS is transmitted in fixed time position within the configured DMTC) as the baseline for DRS transmission. 
2.2 Scell operation on unlicensed carrier 
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Figure 1- Scell operation for LAA-LTE
For LTE Rel10-12, Scell operation is characterized by the following states for the UE.
· Carrier not added as Scell (“not configured” state)

· UE may be configured to perform inter-frequency measurements on the carrier frequency layer using measurement gaps. 

· No additional power consumption due to Scell receiver. 

· Scell receiver need not be turned on and measurements can be performed using the Pcell receiver.

· Carrier added as Scell but not activated (“deactivated state”)
· UE receives relevant system information for the Scell from the Pcell. UE may be configured to perform measurements on the Scell without measurement gaps. 

· Low additional power consumption due to Scell receiver. 

· Scell receiver needs to be occasionally turned on (e.g. for 5ms every 160ms) for RRM measurements using either CRS or Discovery signals

· Carrier added as Scell and activated (“activated state”)

· UE should be ready to receive PDSCH on the Scell in all subframes. 

· High additional power consumption due to Scell receiver. 

· Scell receiver should perform (E)PDCCH monitoring in every subframe (for self scheduling case). 

· Scell receiver needs to buffer every subframe for potential PDSCH processing (for both self and cross-carrier scheduling cases)
Figure 1 describes our view of Scell operation for LAA-LTE taking into account LBT and discontinuous transmission functionalities. The figure illustrates Pcell transmissions (on licensed carrier), Scell transmissions on unlicensed carrier (denoted as uScell in the figure) and UE Scell reception
. Subframes labeled “D” represent deactivated state subframes for the UE (where the UE Scell receiver has low power consumption). Subframes labeled “A” represent activated state subframes for the UE (where the UE Scell receiver has high power consumption). 
As shown in the figure, eNB may not be able to have a complete 1ms transmission in some subframes due to maximum channel occupancy time and associated LBT requirements. One option for the eNB is to skip scheduling UEs in subframes where it cannot perform a complete 1ms transmission. Another option is to shorten the transmissions in a  subframe to satisfy idle period and LBT requirements, and use the remaining portion of the subframe for scheduling UEs. We discuss further details about this option in [2].

In addition to shortening of transmissions within subframes, the following additional signalling and UE behaviour changes should be considered for LAA-LTE.
· Using a PDCCH DCI based activation command instead of the existing MAC CE based activation command
· Moving to a PDCCH DCI based activation command can cut down the activation delay by 5-6ms.  
· Removing the UE assumption that CRS is transmitted in an activated subframe even when the UE is not scheduled in that subframe. 
· As identified during Rel12, if there are no transmissions from the eNB for an extended duration (Toff), UE demodulation performance is impacted due to lack of reference symbols for fine time/frequency tracking. The extent of performance impact depends on the amount of time for which there are no eNB transmissions. The impact can be mitigated by using the following alternatives that require little or no specification changes
· Alternative 1: More frequent transmission of discovery signals

· Alternative 2: Setting the Scell deactivation timer for the unlicensed Scell to a value closer to (Toff) based on UE fine time/frequency tracking requirements 
With regard to Alternative 1, discovery signals should be transmitted by the eNB even when UEs are not being scheduled (i.e., to assist cell discovery and measurements for UEs attached to other cells). Given this, setting discovery signal periodicity based on UE RRM measurement requirements (e.g. 160ms) may be more efficient than setting the periodicity based on UE fine time/frequency tracking requirement.
Alternative 2 would result in more frequent transmission of activation commands. However, compared to Alternative 1, this option can have smaller overhead since the additional activation commands are only needed when the eNB has data to schedule to a UE. From the UE perspective, after receiving an activation command in a particular subframe, the UE may assume that CRS is present in at least a fixed number (e.g. one or two) of following subframes. 
· In Rel12, the UEs are allowed to assume CRS transmissions for a few (at least 2) subframes, which they may use for settling AGC loop and time-frequency tracking filters before PDSCH reception on the Scell. RAN1 should check with RAN4 whether it is possible to achieve reasonable performance if the UEs are allowed to assume a smaller amount of CRS transmission than Rel12 (e.g. a few OFDM symbols) between reception of activation command and onset of PDSCH demodulation on the Scell.

Proposal  - Compared to Rel12, the following signalling and UE behaviour changes can be considered for LAA-LTE

· Using a PDCCH DCI based activation command instead of the existing MAC CE based activation command

· Removing the UE assumption that CRS is transmitted in an activated subframe even when the UE is not scheduled in that subframe. 

2.3 ‘Reservation Signal’, ‘Initial Signal’, ‘Preamble’

In RAN1 #79, it was agreed that “at least for LBE, some signal(s) can be transmitted by eNB between the time eNB is permitted to transmit and the start of data transmission at least to reserve the channel”. In later meetings,  functionalities such as supporting AGC, fine time/frequency synchronisation, enabling detection of a discontinuous LAA DL transmission at the UE (including cell identification), and other functionalities were discussed in the context of ‘Reservation signal’ or ‘Initial signal’, or a ‘Preamble’ transmissions. 

For channel reservation, the eNB may make a variable length transmission (i.e., a ‘reservation signal’) on the LAA carrier, depending on when the channel is available and when the UE can be scheduled. For other functionalities, the ‘initial signal’ or ‘preamble’ should be a signal of known duration (to the UE) that is transmitted by the eNB at the beginning of every transmission burst. 

We consider some of the functionalities below.

· Channel Reservation 

· Channel reservation can be considered as optional eNB functionality and should be left to eNB implementation. Therefore, how the eNB performs channel reservation should be transparent to LTE UEs and details of any transmissions made by the eNB for channel reservation need not be captured in RAN1 specifications.

· Fine time/frequency synchronisation and AGC

· One possibility that has been discussed was transmission of a ‘preamble’ or an ‘initial signal’ that is one or two OFDM symbols long at the beginning of each transmission burst to help the UE with fine time/frequency synchronisation and possibly AGC tuning. 
· As discussed in the previous section, if there are no transmissions from the eNB for an extended duration (Toff), UE demodulation performance is impacted due to lack of reference symbols for fine time/frequency tracking. However, if the time elapsed between two transmission bursts is less than Toff, for such cases, the ‘preamble’ transmission is redundant and results in extra overhead. Given this, other solutions such as assuming an extended CP for the first OFDM symbol every transmission burst may be more attractive as they allow the UE to receive beginning of the transmission burst with slightly larger timing uncertainty with relatively less extra overhead.
· For the case where UE does not receive any signals for Toff, further study is needed to determine how many OFDM symbols of RS transmission are needed for the UE to re-gain fine time frequency synchronisation. For example, previous RAN4 discussions that lead to the LS on activation delay [3], indicated that multiple subframes are needed for the UE to re-acquire time frequency/sync and AGC tuning from deactivated state. 
Proposal  - Performing channel reservation can be considered as optional eNB functionality and should be left to eNB implementation. Details of any transmissions made by the eNB for channel reservation need not be captured in RAN1 specifications.
Observation - If there are no transmissions from the eNB for an extended duration (Toff), UE demodulation performance is degraded due to lack of reference symbols for fine time/frequency tracking. In this case a UE has to receive reference signals for a certain number of OFDM symbols (Nsym_rs_sync) to regain fine time/frequency synchronisation.
Proposal - RAN1 should request RAN4 input regarding values of Toff and Nsym_rs_sync. 
2.4 CSI measurements on unlicensed carrier 

In RAN1#80b, design options for CSI measurements and CSI reporting were agreed. 

· For the purpose of CSI measurement, if LAA supports CSI measurements on CSI-RS and CSI-IM (or only CSI-RS for TM9)

· NZP CSI-RS transmission may be subject to LBT

· The presence of NZP CSI-RS and CSI-IM in a subframe is indicated implicitly or explicitly

· Note: indication may or may not involve signaling

· Potential subframes for NZP CSI-RS and CSI-IM:

· Opt 1-A: The potential subframes may be occurring periodically from UE perspective

· Opt 1-B: The potential subframes may be occurring aperiodically from UE perspective

· Opt 1-C: a combination of opt 1-A and opt 1-B

· Note: same or different options for NZP CSI-RS and CSI-IM is not precluded

· For the purpose of CSI measurement, if LAA supports CSI measurements on CRS

· CRS transmission may be subject to LBT

· The presence of CRS in a subframe is indicated implicitly or explicitly

· Note: indication may or may not involve signaling

· The following CSI reporting options have been identified

· Opt 2-A: Support for both aperiodic and periodic CSI reporting for an LAA Scell

· Opt 2-B: Support only for aperiodic CSI reporting for an LAA SCell

· For aperiodic CSI reporting:

· Opt 3-A: Aperiodic CSI can be reported on PUSCH transmitted on a carrier in licensed spectrum or on an LAA SCell

· Opt 3-B: Aperiodic CSI can only be reported on PUSCH on a carrier in licensed spectrum

For CSI-reporting, the transmission of CSI-RS and CSI-IM in a subframe can be subjected to LBT. Therefore, from a UE perspective, the presence of these signals has to be indicated, otherwise, the UE may be measuring and reporting CSI corresponding to occasions where the eNB skips CSI-RS/CSI-IM transmissions (incorrect CSI), leading to unnecessary wastage of uplink resources (especially for periodic CSI reporting). 
There are multiple ways of indicating that CSI-RS is present in a subframe: via broadcast signaling (e.g. on Pcell CSS or based on preamble detection) or via UE-specific signaling (e.g. via aperiodic CSI request trigger in the UL grant). The benefit of broadcast signalling is a single message can trigger multiple UEs to measure and/or report CSI. 
The benefit of UE-specific signalling is that aperiodic CSI-RS indicator can be embedded in existing DCI message (e.g. DCI format 0, etc) sent to the UE. For example, the aperiodic CSI trigger in an UL grant sent to the UE may be used to indicate the CSI-RS presence in a subframe. This however implies that the aperiodic CSI can be indicated to only the UEs scheduled for uplink transmission. 
When CSI-RS is transmitted aperiodically in a subframe, then there is also a need to ensure that UEs (irrespective of whether aperiodic CSI request is triggered for a given UE) can receive data in that subframe. This implies that PDSCH should be rate-matched around the aperiodic CSI-RS. Similar to TM10, this PDSCH rate-matching around aperiodic CSI-RS can be done using PQI-like signalling. 
Proposal -  If aperiodic CSI-RS transmissions are supported for LAA-LTE, then signaling to enable PDSCH rate-matching around the aperiodic CSI-RS should also be supported. 
2.5 UL operation on unlicensed carrier 

To operate on an unlicensed carrier, similar to eNBs, we expect LAA-UL UEs to also follow LBT and discontinuous transmission requirements before making any transmissions. Given this, the feasibility and effectiveness of several timing related aspects for UL operation need to be examined.

· For PUSCH transmissions, 

· For a FDD Scell on a licensed carrier, if the UE receives a grant in subframe n, it transmits PUSCH in subframe n+4 and looks for ACK/NACK/retransmission grant in subframe n+8. Subsequent transmissions for the same HARQ process (if any) are made in subframes n+12, n+20,… in response to NACK/retransmission grants in subframes n+8,n+16,,.. respectively. For TDD Scells, similar principle as FDD is followed except that the fixed subframe timing offsets depend on TDD UL/DL configuration.

· For a LAA Scell, 

· The eNB may not be able to transmit grants in a fixed sequence of subframes given LBT considerations (unless cross-carrier scheduling is used). Also, due to LBT, the uplink subframe availability may not be aligned with the retransmission timing for synchronous HARQ defined for LTE uplink. Given this, asynchronous HARQ may be more suitable than synchronous HARQ for uplink transmissions. 

· The UE has to perform LBT before making an uplink transmission and transmit only if the unlicensed carrier is not busy. Given this, the UE may not be able to always transmit PUSCH after a fixed offset in response to the grant. 

· One option is to specify that the UE skips its PUSCH transmission and waits for another grant. 

· Another option is to give the UE a window of subframes to transmit PUSCH in response to the grant, and let it make its PUSCH transmission within the window when the carrier is not busy.

Proposal  -  For an uplink grant received in subframe n, when the UE is unable to transmit PUSCH in subframe n+4 due to LBT, the following two options for UL PUSCH scheduling should be considered 

· Option 1 - UE skips its PUSCH transmission and waits for another grant. 

· Option 2 - UE is given a window of subframes to transmit PUSCH in response to the grant in subframe n, and makes its PUSCH transmission in a subframe within the window when the carrier is not busy.

3    Conclusions

We propose the following
Discovery signal transmission
Proposal 1 -   RAN1 should consider Alt1 (Subjected to LBT, DRS is transmitted in fixed time position within the configured DMTC) as the baseline for DRS transmission.
Scell operation on unlicensed carrier
Proposal 2 - Compared to Rel12, the following signalling and UE behaviour changes can be considered for LAA-LTE

· Using a PDCCH DCI based activation command instead of the existing MAC CE based activation command

· Removing the UE assumption that CRS is transmitted in an activated subframe even when the UE is not scheduled in that subframe. 

CSI measurements on unlicensed carrier
Proposal 3 - If aperiodic CSI-RS transmissions are supported for LAA-LTE, then signaling to enable PDSCH rate-matching around the aperiodic CSI-RS should also be supported. 

Preamble/Initial Signal
Proposal 4 - Performing channel reservation can be considered as optional eNB functionality and should be left to eNB implementation. Details of any transmissions made by the eNB for channel reservation need not be captured in RAN1 specifications.
Observation 1 - If there are no transmissions from the eNB for an extended duration (Toff), UE demodulation performance is degraded due to lack of reference symbols for fine time/frequency tracking. In this case a UE has to receive a reference signals for certain number of OFDM symbols (Nsym_rs_sync) to regain fine time/frequency synchronisation.
Proposal 5- RAN1 should request RAN4 input regarding values of Toff and Nsym_rs_sync. 

UL operation on unlicensed carrier
Proposal 6 - For an uplink grant received in subframe n, when the UE is unable to transmit PUSCH in subframe n+4 due to LBT, the following two options for UL PUSCH scheduling should be considered 

· Option 1 - UE skips its PUSCH transmission and waits for another grant. 

· Option 2 - UE is given a window of subframes to transmit PUSCH in response to the grant in subframe n, and makes its PUSCH transmission in a subframe within the window when the carrier is not busy.
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� While the UE receives transmission from both the Pcell and Scell, Pcell reception is not shown in the figure as no change is expected compared to Rel12
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