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

In section 2.1 we discuss synchronization and measurements. In section 2.2 we discuss Scell operation on unlicensed carrier. In section 2.3 we discuss CSI measurements. In section 2.4, 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 Synchronisation and Measurements on unlicensed carrier 

For LAA-LTE, Pcell is on a licensed carrier, and the unlicensed carrier is configured as a Scell. Since the UE is connected to the Pcell before attempting to achieve synchronisation on the unlicensed carrier, the UE is aware of symbol/subframe time boundaries of Pcell. 

For operation in licensed spectrum (i.e., non LAA-LTE Scell), the eNB operating the Scell transmits at least the following 

· If the Scell does not support on/off it transmits - PSS/SSS with 5ms periodicity and CRS in every subframe
· If the Scell supports on/off it transmits - Discovery signal (PSS/SSS +CRS, and optionally CSI-RS) with longer periodicity (e.g. 40/80/160ms) 

From the UE perspective, it can use the transmitted discovery signals for coarse time/frequency synchronization and RSRP/RSRQ measurements. 
For LAA-LTE, interference from other RAT devices (e.g. Wi-Fi AP/STA ( UE) and the need to adhere to LBT requirements can affect the ability of UEs to perform cell discovery or measurements as UEs assume periodic transmission of discovery signals. RAN1 should evaluate whether it is feasible to use Rel12 discovery signals for Scell acquisition and measurements on unlicensed carrier, or whether additional mechanisms are needed (e.g. dynamic Pcell signalling indicating the presence/absence of discovery signal transmission).  
Proposal 1 -   RAN1 should evaluate whether it is feasible to use Rel12 discovery signals for Scell detection and measurements on LAA-LTE carriers.

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, removing this assumption can impact UE demodulation performance due to lack of reference symbols for fine time/frequency tracking. 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 small value (e.g. to 20 or 40ms) 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) is more efficient than setting the periodicity based on UE fine time/frequency tracking requirement (e.g. once every 20 or 40ms). Also, if the eNB has to perform LBT before each transmission of discovery signal, periodicity of the discovery signals is not guaranteed at the UE, and this can degrade the reliability of time/frequency tracking mechanisms that rely on discovery signals.

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 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. 

Proposal 3 - RAN1 and RAN4 should evaluate whether LAA-LTE UEs can achieve reasonable PDSCH demodulation performance if they are only allowed to assume a smaller amount of CRS transmission (e.g. a few OFDM symbols) between reception of activation command and onset of PDSCH reception on the LAA-Scell.
2.3 CSI measurements on unlicensed carrier 

For CSI-RS transmission on unlicensed carrier, at least two of the following options are possible: 
· Option 1: Periodic CSI-RS transmissions are configured and CSI-RS transmission in a given subframe is dropped if the subframe is not available due to LBT. 
· From a UE perspective, the UE may measure and report CSI assuming that CSI-RS is always present on the unlicensed carrier and the eNB can ignore any CSI reports corresponding to the occasions where it did not transmit CSI-RS (and hence UE is reporting incorrect CSI). This can lead to unnecessary wastage of uplink resources. 
· Option 2: Aperiodic CSI-RS transmissions are supported on the unlicensed carrier. 
· In this case, CSI-RS may be dynamically scheduled, allowing flexibility at the eNB to adapt the CSI-RS transmission according to the LBT procedure. 

Proposal 4: Enhancements to CSI-RS transmissions (e.g. aperiodic CSI-RS) should be considered for LAA-LTE.
2.4 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.

· For SRS transmissions 

· If the UE is configured with periodic SRS, it may have to drop some SRS transmissions due to LBT

· The UE may also have to drop SRS if it has to skip its transmissions in the last symbol of a subframe to perform LBT (e.g. maximum channel occupancy time is 4ms, and UE receives 5 consecutive grants).

· We do not see the need for supporting PUCCH or PRACH transmissions on LAA Scells.
3   Conclusions

In this document, we briefly discuss possible physical layer options for supporting synchronization and measurements on LAA-LTE carriers, and propose that the following aspects should be considered for LAA-LTE evaluations. 
Proposal 1 -   RAN1 should evaluate whether it is feasible to use Rel12 discovery signals for Scell detection and measurements on LAA-LTE carriers.

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. 

Proposal 3 - RAN1 and RAN4 should evaluate whether LAA-LTE UEs can achieve reasonable PDSCH demodulation performance if they are only allowed to assume a smaller amount of CRS transmission (e.g. a few OFDM symbols) between reception of activation command and onset of PDSCH reception on the LAA-Scell.
Proposal 4: Enhancements to CSI-RS transmissions (e.g. aperiodic CSI-RS) should be considered for LAA-LTE.
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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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