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1   Introduction
In this document, we discuss further details of UE operation for LAA including related signalling. 
2   Discussion

2.1 UE operation for (E)PDCCH monitoring 
For DL-only operation, the following two options can be considered.

· Option 1 
· 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 
· 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 N subframes and assign all blind decodes for the full subframe format. 
· The value N is configured by higher layers.
For, both options, 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. 

One disadvantage with option 1 is that, while most subframes that the UE is scheduled in will be full subframes, only a fraction of the UE BDs are allocated for the full subframe format. Option 2 addresses this issue by making the UE monitor most subframes using a full subframe format at least during an ongoing data session for the UE. The eNB can set the value N based on the maximum expected transmission burst durations (e.g. based on maximum channel occupancy time or TxOP value). If the eNB configures N=0, then UE behaviour for option 2 will be same as that of option 1.
Between the two options, option 2 provides more flexibility with minimal additional signalling.

Proposal 1:

 For (E)PDCCH monitoring on LAA Scells, 

· 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 monitors the next N subframes assuming they are full subframes.
· The value N is configured by higher layers.
2.2  Additional signalling to assist UE operation
In RAN1#82bis several several signalling proposals to further assist LAA UE operation were considered. In this section we provide our views on some of the proposals discussed in [5]. 
· Signalling to indicate 1/2 or 4/6 OFDM symbol CRS (MBSFN or non-MBSFN)
· This information can be signalled via RRC. The signalling can be similar to the MBSFN subframe configuration with enhancements for supporting additional subframes with reduced CRS.
· Signalling related end partial subframes

· As described in [4], This signalling can be supported by adding additional bits in the (E)PDCCH DCI that schedules PDSCH for UEs scheduled in the end partial subframes. Instead of supporting all DwPTS lengths, we think restricting the possible end subframe lengths to 4 (i.e., 2 extra bits in DCI) would be sufficient.

· Signalling to indicate number of expected DL subframes (starting from current subframe) in the ongoing transmission burst
· This signalling is not needed since the benefits are unclear. For example, considering channel estimation, since the signalling is about future subframes, there is not much scope for the UE to use this signalling for improving its channel estimates, i.e., the UE may at most use the RS in the first 1 or2 OFDM symbols if it knows the next subframe will be present, but considering decoding latency, it will not be feasible for the UE to use the RS in other future subframes even though the signalling indicates that those future subframes are available.

· Signalling to indicate number of subframes after end of DL transmission, or the time duration, during which UE need not detect transmission, monitor DCI and perform CSI measurements
· This signalling may be considered for future releases but is not needed at least for Rel13. There would not be any forward compatibility issues if this signalling is not introduced in Rel13. i.e., the signalling may be introduced in a future release without causing degradation to the performance of Rel13 UEs. The primary benefit cited for this signalling is UE power savings. However, further investigations and analysis may be needed (e.g. in RAN) to study how the UE receiver can be turned off/on dynamically in response to this signalling without requiring something similar to ‘activation delay’ discussed in  Rel10 [2]. If the UE cannot turn off its 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.

· Signalling of CRS/CSI-RS power variation
· In our view, for CRS/CSI-RS power, it is OK to allow only a small restricted set of power adjustments relative to CRS/CSI-RS in the discovery signal. However, we think it is more efficient to only mention such a restriction in the specification and leave remaining behaviour to UE implementation rather than adding explicit signalling for indicating the power offsets.
3 Conclusions

In this document, we discuss further details of UE operation for LAA including related signalling and propose the following
· For (E)PDCCH monitoring on LAA Scells, 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 monitors the next N subframes assuming they are full subframes.
· The value N is configured by higher layers.
· Signalling to indicate 1/2 or 4/6 OFDM symbol CRS can be configured via RRC.
· Signalling for end partial subframes can be supported by adding additional bits (e.g. 2 bits) in the PDCCH DCI that schedules PDSCH for UEs scheduled in the end partial subframes.
· Common signalling in each subframe such as ‘indication of number of expected DL subframes’, ‘indication of number of subframes after end of DL transmission’ , ‘indication of CRS/CSI-RS power offset’ is not required.
4 References

 [1] R1-151404, “Adaptive Frame Structure and DL-UL configuration for LAA”, Qualcomm, RAN1#80bis, Belgrade, Serbia, April 2015.

 [2] R4-124160, “Scell Activation Time”, Qualcomm, RAN4#64, Qingdao, August 2012.

 [3] R1-157216, “Activation/Deactivation procedures for LAA Scells”, Motorola Mobility, RAN1#83, Anaheim, Nov. 2015.

 [4] R1-157214, “PDSCH Transmission options for LAA”, Motorola Mobility, RAN1#83, Anaheim, Nov. 2015.
 [5] [82b-11] Email discussion: Signalling in LAA DL subframes. 
Page 1 of 3

