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1   Introduction
In this document, we discuss UE operation for supporting DL and DL+UL LAA including reception of transmission bursts and possible reception of ‘reservation signal’, ‘initial signal’ or ‘preamble’.
2   Discussion

In the LAA SI, the following definitions of transmission bursts were considered.

· Each DL transmission burst is a continuous transmission from a DL transmitting node with no transmission immediately before or after from the same node on the same CC.

· Each UL transmission burst from a UE perspective is a continuous transmission from a UE with no transmission immediately before or after from the same UE on the same CC.

For the discussion in this section, we consider “transmission” as transmission of any physical channel(s) or signal(s) that are defined in the specifications. i.e., if an eNB makes a transmission solely for the purpose of channel reservation, and if details of such transmission are not included in the specification, such transmissions are not considered part of the transmission burst.

From eNB perspective, the eNB determines the maximum duration (NDL_burst subframes) of the DL transmission burst, and allowed maximum duration (NUL_burst subframes) of any UL transmission burst(s) that it schedules, based on LBT or any other co-existence mechanism(s) that it implements. For example, if the eNB is operating on the same carrier as other Wi-Fi APs and if it has knowledge of TXOP values used by those APs (e.g. the eNB has a Wi-Fi transceiver), it can choose its own TXOP value (TLAA-TXOP) for good co-existence with Wi-Fi APs, and choose the maximum burst durations such that duration of DL and/or UL transmission bursts is smaller than TLAA-TXOP.  If the eNB cannot decode Wi-Fi transmissions, then it at least needs to make sure that the burst durations are smaller than the maximum channel occupancy time (MCOT). We expect that eNBs will pick the maximum burst duration values semi-statically.

From a UE perspective, UE behaviour depends on the information made available to it. 

We first focus on DL-only operation and discuss some options below.

· Option 1 
· UE is not given any explicit information about transmission bursts. 

· UE monitors every non-DRX subframe of the LAA-Scell for (E)PDCCH assuming a full subframe format and a shortened subframe format with multiple OFDM starting symbol positions. Considering the design details discussed in [4], the formats can be configured as follows

· For PDCCH, starting OFDM symbol is 7 for front-shortened subframe format, and starting OFDM symbol is 0 for full subframe format.

· For EPDCCH, the Rel12 specification supports monitoring of EPDCCH-PRB-sets with two different starting positions for TM10. This can be extended to other TMs for LAA. 
· UE splits its (E)PDCCH blind decodes between the possible subframe formats.

· For example, [4,4,2,2] BDs reserved for full subframe hypotheses and [2,1,1,0] reserved for shortened subframe hypotheses for aggregation levels L=[1,2,4,8].
· Option 2 
· UE is given information about maximum DL burst duration (NDL_burst) via higher layer signalling.

· The UE initially monitors (E)PDCCH in every non-DRX subframe assuming a full subframe format and a shortened subframe format with multiple OFDM starting symbol positions (configured by RRC), i.e., similar to option 1.  
· When the UE successfully decodes (E)PDCCH assuming a front-shortened subframe format,  it can then assume full subframe format for the next NDL_burst -1 subframes and assign all blind decodes for the full subframe format. 
· In this option, the UE treats reception of control signalling using a front-shortened subframe format as an implicit indication of start of a transmission burst.

· Compared to option 1, this option gives better scheduling flexibility to eNB with minor additional higher layer signalling overhead.
· Option 3 
· UE is given information about maximum DL burst duration (NDL_burst) via a ‘preamble’ transmitted at the beginning of each DL burst.

· UE initially monitors each non-DRX subframe only for the preamble transmission. If the UE successfully detects/decodes the preamble in a subframe it monitors the control signalling in that subframe assuming (e)PDCCH immediately follows the preamble. It can assume full subframe format for the next NDL_burst -1 subframes. 
· Compared to option 2, the main difference of this option is that instead of implicitly determining the start of a transmission burst as part of regular control channel decoding, the UE first attempts to blindly detect a preamble signal that marks the beginning of the transmission burst and performs control channel monitoring only after detecting the preamble.

· This option can give additional flexibility of varying the maximum DL burst duration from burst to burst. However, the benefits of this additional flexibility are unclear since the eNB typically sets the maximum burst duration based on regulatory requirements, or based on a negotiated TxOP value with a Wi-Fi network, and in both cases semi-static signalling of the value is sufficient.
· The disadvantages of this option include loss of scheduler flexibility for DRX configured UEs, additional overhead of the preamble transmission and additional specification impact.

Among the above options, we think option 2 provides the most flexibility with minimal additional signalling.

If back-shortening of subframes is configured - For PDCCH, the UE can perform blind decoding assuming full subframes only, and PDCCH contents (e.g. DCI) indicate whether the subframe is shortened or not, and if so, by how many OFDM symbols. For EPDCCH, the blind decodes for full subframe format have to be shared between full subframe format and back-shortened subframe format. 

Proposal 1:

 For DL only LAA, 

· UE receives information about maximum DL burst duration (NDL_burst) via higher layer signalling. 

· If the UE is configured to receive shortened subframes, UE monitors control signalling assuming both shortened and full subframes

· If control signalling using a front-shortened subframe format is detected, UE treats it as an implicit indication of start of a transmission burst, and monitors rest of the subframes in the burst assuming they are full subframes.

For DL+UL operation, we see the following options for indication of UL subframes

· Option A  
· Until the UE decodes an UL grant, UE monitors every non DRX subframe for control signalling. 

· Upon detection of UL grant(s), UE identifies the subframe(s) associated with corresponding uplink transmission(s). 

· Option B 
· In addition to the procedure in option A, UE is indicated a set of subframes where UL transmissions are possible via a ‘preamble’ transmission on the physical layer.

· In [1] it was suggested that this option provides significant power savings since the UE can sleep in the indicated set of UL subframes. 
· However, the UE may not be able to deactivate its Scell receiver for the indicated UL subframes (if it deactivates, the UE hardware may have to go through reactivation related procedures [2] which result in an activation delay). 
· If the UE cannot deactivate its Scell receiver, the only power savings possible are due to the UE’s modem not performing control channel BDs in the indicated set of UL subframes which may not be that high. 

· The disadvantages of this option are similar to those discussed for option 3. In addition to those disadvantages, this option requires pre-definition of UL/DL patterns further reducing scheduler flexibility.
Proposal 2:

 For DL+UL LAA, 

· Until the UE decodes an UL grant, UE monitors every non DRX subframe for control signalling. 

· Upon detection of UL grant(s), UE identifies the subframe(s) associated with corresponding uplink transmission(s). 

2.1 ‘Reservation Signal’, ‘Initial Signal’, ‘Preamble’

In this section we discuss some of the UE functionalities associated with ‘Reservation Signal’, ‘Initial Signal’, and ‘Preamble’ transmissions
· DL Channel Reservation using ‘reservation signal’
· DL 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 using ‘preamble’ or an ‘initial signal’
· A ‘preamble’ or an ‘initial signal’ that is a few OFDM symbols long can be transmitted at the beginning of each transmission burst to help the UE with fine time/frequency synchronisation and possibly AGC tuning. 

· The expectation with this approach is that 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 and the additional RS in the ‘preamble’/’initial signal’ can assist the UE. 
· If the 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 (i.e., whether a transmission of one or two OFDM symbols is enough to regain sync). 
· Also, transmitting ‘preamble’/’initial signal’ in the beginning of every transmission burst can be wasteful considering the cases where the time elapsed between two transmission bursts is less than Toff. For example, considering a transmission burst of 4ms, a preamble with 3 OFDM symbols corresponds to an overhead of 5.4% for each transmission burst.
Considering the above, other solutions such as using the demodulation RS within the burst, or appropriate setting of deactivation timer [3], or assuming an extended CP for the first OFDM symbol of every transmission burst (to mitigate timing uncertainty) may be more attractive as they allow the UE to receive the transmission burst with relatively less extra overhead.
3 Conclusions

In this document, we discuss UE operation for supporting DL and DL+UL reception for LAA and propose the following
Proposal 1:

 For DL only LAA, 

· UE receives information about maximum DL burst duration (NDL_burst) via higher layer signalling. 

· If the UE is configured to receive shortened subframes, UE monitors control signalling assuming both shortened and full subframes

· If control signalling using a front-shortened subframe format is detected, UE treats it as an implicit indication of start of a transmission burst, and monitors rest of the subframes in the burst assuming they are full subframes.

Proposal 2:

 For DL+UL LAA, 

· Until the UE decodes an UL grant, UE monitors every non DRX subframe for control signalling. 

· Upon detection of an UL grant(s), UE identifies the subframe(s) associated with corresponding uplink transmission(s). .
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