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1. [bookmark: Source]Introduction
In RAN1#82bis, the control signaling in LAA DL subframes was discussed, and many options regarding the signaling contents were made after wide email discussion [1]. 
In this contribution, we present our views on the signaling contents and propose several methods to broadcast the LAA control signaling. 

2. [bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK10][bookmark: OLE_LINK11]LAA control signalling
It is found during the email discussion that when the eNB succeeds its LBT operation and begins its transmission on the unlicensed SCell, it is beneficial to broadcast some LAA signaling to facilitate UE’s operation. Based on the list of potential agreements [1], the detailed signaling contents are analyzed as follows. 
A. 1/2 or 4/6 OFDM symbol CRS (MBSFN or non-MBSFN)
The following options have been identified to determine the subframe structure (MBSFN (1/2 symbol CRS) or non-MBSFN (4/6 symbol CRS))
· Option 1: RRC Configuration
· Option1-1: reusing the RRC configuration of MBSFN subframes
· Option1-2: indicate whether all the subframes contain 4 CRS symbols or whether only subframes 0 and 5 only contain 4 CRS symbols.
· Option 2: UE blind detection
· Option 3: Dynamic signaling
Select one or more options in RAN1#83. 
Many benefits have been given in the email discussion if the MBSFN or non-MBSFN subframes could be dynamically determined. Typically, the MBSFN-like structure to subframes other than subframe #0 and #5 is beneficial to improve the system spectral efficiency due to reduced CRS overhead. However, MBSFN subframes can only be used to schedule TM9/10 UEs, not any CRS-based transmissions. In addition, the full set of CRS in the subframes other than subframe#0 and #5 (i.e. non-MBSFN-subframe) is helpful for LAA UE to perform time/frequency tracking in addition to DRS. 
Allowing the dynamic determination of MBSFN or non-MBSFN subframe on a per-subframe basis would enable a much more flexible and efficient way at the eNB to schedule UEs in different TMs (CRS-based or DMRS-based). One unique characteristics of LAA carrier is that it is not predictable when the channel can be accessed. If MBSFN subframes are semi-statically configured via RRC as in licensed LTE, it can happen often that there is very limited opportunity to schedule CRS-based TMs in some transmission bursts (in case most subframes turn out to be MBSFN subframes in the burst), even if the MBSFN configuration matches the long terms statistics. 
The dynamic determination of MBSFN-like and non-MBSFN-like subframes could be performed by blind detection or dynamic signaling. The UE could blind detect the 1/2 OFDM symbol CRS and/or 4/6 symbol, while the dynamic signaling could be more robust compared with the blind detection. Note that any blind detection error would results in incorrect rate matching assumption and a packet loss. The consequence is more severe compared to the case where the transmission detection is only used to decide whether to make CSI measurement or not. As the LAA signaling would be transmitted anyway (as analyzed below), one additional bit introduces only small overhead, so the dynamic signaling is preferred. 
Proposal 1: Option 3 (i.e. dynamic signaling) is adopted to determine the MBSFN-like and non-MBSFN-like subframe structure. This signalling is transmitted in each subframe other than subframe #0 and #5 within the transmission burst. 

B. End Partial Subframe: 
Signaling the presence of end DL partial subframes is supported in LAA. 
· FFS: Signaling method and frequency

This signaling is helpful for the UE to identify whether the subframe is a full or partial subframe, and in case of the latter case, the number of OFDM symbols in the last subframe (DwPTS structure) for PDSCH demodulation. Further, based on this signaling, the UE could stops the (E)PDCCH blind detection but starts CRS blind detection for another transmission burst. In addition, if LAA is to follow FD-MIMO design to also support CSI-RS in the DwPTS structure, the UE would need to know the length of the partial subframe for CSI-RS measurement purpose.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Proposal 2: The signalling to indicate whether a subframe is a full or end partial subframe is broadcast in each subframe (except for the initial partial subframe) within a transmission burst. The duration of the end partial subframe is broadcast at least in the end partial subframe. 

C. Number of expected DL subframes (starting from current subframe) in the ongoing transmission burst
The following options have been identified for signaling the number of expected DL subframes in each DL subframe in the ongoing transmission burst
· Option 1: No signaling is needed
· Option 2: Signaling is carried in DL every subframe. 
· Option 3: Signaling is carried in a subset of DL subframes (e.g. last subframe)
· FFS: Signaling method if signaling is adopted
Select one of the options in RAN1#83. 
It has been already agreed that the UE could use CRS port 0 (+ 1) in the first OFDM symbol of each subframe to identify the downlink transmission in each transmission burst. Assuming the detection is sufficiently reliable, the UE could identify whether the subframe belong to the same transmission burst or not, and do necessary filtering on CRS. Therefore, this signaling is not necessary. 
Proposal 3: Option 1 (i.e. no signaling) is preferred on the number of expected DL subframes in the ongoing transmission burst. 

D. 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:
Signaling the 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 can be further considered 
· FFS candidate signaling methods that may be specified in a potential future WI 
This signaling is beneficial in terms of UE power consumption considering the forward compatibility when the UL is introduced in the future release. Based on this signaling, the UE could be at sleep mode when not scheduled with PUSCH or PUCCH (if introduced in later release). One potential benefit of including this signaling in each subframe could be that a DRX UE waking up in the middle of a burst would be able to receive the information. However, if a UE wakes up in the middle of the burst and decides to go back to sleep before the end of the burst, the number of UL subframes after the end of DL transmission would not help the UE because the UE does not know when the DL transmission ends. For this information to be useful, the UE would need to monitor until the end of the burst and figure out when the DL transmission ends. Hence it is sufficient to have such signaling transmitted in the last subframe of the transmission burst.
We could either include the signaling in Rel-13, or leave a placeholder (e.g. some spare bits) so that the signaling can be easily introduced in a future release.
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Proposal 4: The signalling on the number of subframes after end of DL transmission during which UE need not detect transmission, monitor DCI and perform CSI measurements is transmitted only at the ending subframe. This can be either defined in Rel-13 or introduced in a future release.

E. Presence of periodic CSI-RS/CSI-IM
Signaling of the presence of periodic CSI-RS and CSI-IM transmission is not considered in LAA. 
For aperiodic CSI-RS and CSI-IM transmission, signaling can be considered after a decision on aperiodic CSI-RS/CSI-IM transmission for LAA in Rel-13. 
Decide whether aperiodic CSI-RS/CSI-IM transmission is allowed for LAA in Rel-13 in RAN1#83.
The aperiodic CSI-RS and CSI-IM are discussed in our companion paper [2]. In [2], we propose to support aperiodic CSI-RS/CSI-IM transmission in Rel-13 LAA. In this case, the signaling of the presence of aperiodic CSI-RS/CSI-IM should be broadcast.
Proposal 5: Signalling of the presence of the aperiodic CSI-RS/CSI-IM transmission is transmitted in every subframe. 

F. Signaling of CRS/CSI-RS power variation
The following options have been identified for the signaling of CRS/CSI-RS power variation in LAA
· Option 1: No signaling is needed
· Option 2: Power variation between current CRS/CSI-RS power and reference CRS/CSI-RS power is signaled
· FFS: Signaling method
Select one of the options in RAN1#83
If no signaling of CRS/CSI-RS power variation is transmitted, the UE should not perform any filtering of the channel measurement across transmission bursts. In addition, once the eNB receives the CSI report, the eNB needs to adjust the CSI report based on its own knowledge of CRS/CSI-RS power when the UE made the channel measurement. So it requires a common understanding between the eNB and the UE on which subframe is used by the UE for channel measurement. Given that there is a clear definition of CSI reference resource, it would not be a problem in general. However, since the UE depends on the CRS blind detection to determine whether a subframe is available for CSI measurement, any error in the blind detection would result in misunderstanding between eNB and UE.
If such a signaling is transmitted, the UE can adjust CSI report based on CRS/CSI-RS power before sending the report to the eNB, so any error in CRS blind detection would not result in mis-interpretation of CSI report at the eNB. In addition, the UE could measure and average the CRS/CSI-RS across multiple transmission bursts in addition to average within the transmission burst, which makes the CSI measurement more reliable. Therefore, this signaling could be transmitted at each subframe of the transmission burst considering that the DRX UEs could wake up at any subframe.
So transmitting the signaling has some benefits. In order to reduce the signaling overhead, the number of CRS/CSI-RS power variations w.r.t. the DRS power should be limited to several values. 
Proposal 6: Option 2 (i.e. signalling the CRS/CSI-RS power variation) is preferred, and this signaling could be transmitted at each subframe of the transmission burst. Only limited values should be selected to reduce the signalling overhead. 

G. Presence of DRS for EPDCCH/PDSCH rate matching and CSI-RS/CSI-IM presence
If DRS can be multiplexed with PDSCH in subframes other than subframe 0 and 5, the following options have been identified for EPDCCH/PDSCH rate matching and CSI-RS/CSI-IM presence.
· Option 1: signaling the presence of DRS for EPDCCH/PDSCH rate matching and CSI-RS/CSI-IM presence is supported
· FFS: Signaling method
· Option 2: No signaling is needed 
· Option 2-1: UE blind detection of DRS for rate matching
· Option 2-2: PDSCH is always rate matched around DRS within the DMTC window
Decide if DRS can be multiplexed with PDSCH in subframes other than subframes 0 and 5, and if so select one of the options in RAN1#83.
In our view, DRS could be multiplexed with PDSCH in subframes other subframe 0 and 5. Otherwise, the eNB would have to suspend its PDSCH transmission till next subframe. This clearly results in lower channel occupancy efficiency. Further, this impacts Wi-Fi nodes as well since the suspended LAA PDSCH needs to be transmitted anyway. 
Among these two options, option 1 requires to signal the presence of DRS whenever the DRS is multiplexed with PDSCH. This could help the UE to perform EPDCCH/PDSCH rate matching and determine periodic CSI-RS/CSI-IM measurement.  On the other hand, option 2-1 requires the UE to perform blind detection of the DRS (typically PSS/SSS in subframes other than 0 and 5). This may incur UE detection complexity, but the complexity may be marginal as the UE anyway blind detect the DRS within the DMTC window when no PDSCH is multiplexed. Its performance would depend on the accuracy of the DRS detection. Option 2-2 is a simple and effective solution, but with some resources waste.
Considering the fact that the correct rate matching is essential for successful PDSCH decoding, we prefer the approaches that provides more reliability, i.e., Option 1 or Option 2-2.  
Proposal 7: DRS can be multiplexed with PDSCH in subframes other than subframes 0 and 5. Option 1 (signalling the presence of DRS) or Option 2-2 (PDSCH is always rate matched around DRS) is preferred. 

3. Candidate signalling methods
Generally, there are several methods for the eNB to broadcast the LAA signalling, which are given as follows.
· Option 1: Common DCI from the PCell
The LAA control signalling could be transmitted from PCell as a common DCI. In order to identify the unlicensed SCell identity that the LAA signalling relates with, the SCell index needs to be included into the common DCI. 
This operation is new to carrier aggregation framework as the system information specific for the SCell is provided through the dedicated RRC signalling as part of the SCell reconfiguration procedure. Further, this option could incur large signalling overhead considering that the signalling is present possibly in every subframe, and a large number of unlicensed SCell could be supported over the 5GHz frequency band. And signalling overhead may become severe when these unlicensed SCells succeed their LBT at approximately same time and broadcast their control signalling simultaneously. This could create capacity issue for the common search space on PCell.
· Option 2: Common DCI from the serving unlicensed SCell
The LAA signalling could be transmitted from its own serving SCell as a common DCI. This means the common search space needs to be defined for PDCCH over the SCell. This is also new to the carrier aggregation framework as each UE only receives the common DCI from its licensed PCell for LAA. It potentially means that the UE needs to perform additional blind decoding for the common search space in every LAA SCell. The advantages of this option have to be weighed against the additional specification impact and the additional UE complexity. 
· Option 3: using the PHICH resources of the serving unlicensed SCell
In this option, the PHICH time/frequency resources could be used for the LAA control signaling. It is already agreed that for LAA the UL HARQ is asynchronous and the PHICH is not required. Hence this option could be possible, and there are two possible ways as follows. 
· Option 3.1: LAA signalling as a codeword
The control signalling comprising multiple control bits are transmitted as a codeword within the PHICH time/frequency resources. Specifically, after the SI-RNTI is included in the CRC calculation (or no SI-RNTI is included if no other forward-compatibility common signalling e.g. paging is needed over the unlicensed SCell) and the rate-1/3 tail-bitting convolutional code which is the same as the PDCCH, the control signalling is rate-matched to fit the amount of resources used for PHICH time/frequency resources. As multiple PHICH groups could exist (each LAA UE could acquire the number of PHICH groups from the dedicated RRC signalling from its PCell), the coded bits may need to be repeated till all PHICH time/frequency resources are occupied. 
As analysed in section 2, some LAA signalling are transmitted in each subframe, while some are transmitted when needed and some are transmitted only at the ending subframe. This option requires the codeword size varies in each subframe of the transmission burst, which could create additional UE complexity on blind decoding. Alternatively, the codeword size could keep unchanged and those not needed information bits could be reserved. 
· Option 3.2: reuse of PHICH structure
In this option, the PHICH structure is reused for LAA control signalling, that is, each bit of the LAA signalling endures 3x repetition, BPSK modulation, orthogonal coding and finally mapped to the PHICH time/frequency resources, which are the same procedure as the PHICH. 
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]So far the PHICH resource is identified by one index pair including the PHICH group index and the orthogonal sequence index within the group. And each UE could implicitly derive the PHICH resource for its ACK/NACK reception from its corresponding PUSCH transmission and the reference-signal phase rotation as part of the uplink grant in case of multi-user MIMO case.  
Comparatively, the LAA control signalling targets all active UEs served by the unlicensed SCell. In order for all of them to receive the broadcast signalling, the PHICH resources used for the transmission of LAA signalling should be preconfigured in the specification or explicitly indicated to all LAA UEs. As one typical example, multiple sets of index pairs could be defined, each of which represents one PHICH resource and could be used to transmit 1 bit LAA signalling. 
Compared to option 3.1, this option could be easily applied to the case that each subframe within the transmission burst has different LAA signaling size. For example, a little more PHICH resources are configured for the ending subframe with large signalling size, while few PHICH resources could be configured to other subframes with small signalling size. 
Based on the analysis above, the common DCI method (option 1 and option 2) do pose challenges and have much impact on the carrier aggregation framework. Therefore the following proposal is made. 
Proposal 6: Option 3 (i.e. using the PHICH time/frequency resources) is preferred for LAA signalling transmission. 

4. Conclusion
In this contribution, we discuss LAA DL control signaling, and make the following conclusions. 
Proposal 1: Option 3 (i.e. dynamic signaling) is adopted to determine the MBSFN-like and non-MBSFN-like subframe structure. This signalling is transmitted in each subframe other than subframe #0 and #5 within the transmission burst. 
Proposal 2: The signalling to indicate whether a subframe is a full or end partial subframe is broadcast in each subframe (except for the initial partial subframe) within a transmission burst. The duration of the end partial subframe is broadcast at least in the end partial subframe. 
Proposal 3: Option 1 (i.e. no signaling) is preferred on the number of expected DL subframes in the ongoing transmission burst. 
Proposal 4: The signalling on the number of subframes after end of DL transmission during which UE need not detect transmission, monitor DCI and perform CSI measurements is transmitted only at the ending subframe. This can be either defined in Rel-13 or introduced in a future release.
Proposal 5: Signalling of the presence of the aperiodic CSI-RS/CSI-IM transmission is transmitted in every subframe. 
Proposal 6: Option 2 (i.e. signalling the CRS/CSI-RS power variation) is preferred, and this signaling could be transmitted at each subframe of the transmission burst. Only limited values should be selected to reduce the signalling overhead. 
Proposal 7: DRS can be multiplexed with PDSCH in subframes other than subframes 0 and 5. Option 1 (signalling the presence of DRS) or Option 2-2 (PDSCH is always rate matched around DRS) is preferred. 
Proposal 6: Option 3 (i.e. using the PHICH time/frequency resources) is preferred for LAA signalling transmission. 
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