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1. Introduction

There has been discussion on necessity of layer 1 signaling regarding several aspects such as subframe structure, transmit power, CSI measurement support, etc. Through email discussion after RAN1#82bis, the following was agreed regarding signaling in LAA DL subframes.
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. 

End Partial Subframe: 

Signaling the presence of end DL partial subframes is supported in LAA. 

· FFS: Signaling method and frequency

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. 

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 

                           

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.

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

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 this paper, we discuss potential signaling aspects related to subframe length, MBSFN/non-MBSFN subframe, reference signal transmit power, CSI measurement resource, and DRS rate matching. 
2. Potential L1 signaling per subframe in LAA
TTI length or DM-RS pattern

Due to introduction of ending partial TTI (or potential introduction of start partial TTI), TTI length or DM-RS pattern in a DL transmission burst can be different per subframe. UE needs to know TTI length or DM-RS pattern of a subframe for the purpose of EPDCCH/PDSCH reception or CSI measurement.

· For EPDCCH/PDSCH reception
· The following options can be considered

· opt.1) DL scheduling DCI indicates TTI length of the scheduled subframe. UE blindly detects DM-RS pattern in a subframe for EPDCCH decoding.
· opt.2) DL scheduling DCI indicates TTI length of the scheduled subframe. Common L1 signaling is transmitted every subframe to indicate DM-RS pattern for EPDCCH decoding

· opt.3) Common L1 signaling is transmitted every subframe to indicate TTI length
· Since DM-RS pattern can be detected by UE with a reasonable complexity as discussed in [1] in more details, we don’t think common L1 signaling is necessary for this purpose.
Suggestion 1: No common L1 signaling is introduced to indicate TTI length or DM-RS pattern for the purpose of EPDCCH/PDSCH reception 
· For CSI measurement
· UE can blindly detect CRS for the purpose of signal strength or interference measurement for CSI report. Moreover, if signal strength measurement with CSI-RS is restricted to a certain subframe as discussed in [2], UE doesn’t need to identify existence of CSI-RS in other subframes. Then, only remaining issue is whether/how to identify existence of CSI-IM resources in a subframe, which should be decided considering CSI measurement in DwPTS in FD-MIMO discussion.
Suggestion 2: No common L1 signaling is introduced to indicate TTI length or DM-RS pattern for the purpose of CSI measurement with CRS or CSI-RS

· FFS for CSI-IM 
MBSFN/non-MBSFN subframe

MBSFN subframe in LAA cell can be configured by RRC signaling as in Rel-12, where signaling contents can be modified to be able to configure subframes other than subframe 0/5 as MBSFN subframes. It is also possible for a UE to blindly detect CRS in a subframe to identify if a subframe is MBSFN subframe or not. But such flexibility doesn’t seem to be necessary since eNB can utilize subframe 0/5 or other subframes (if configured as non-MBSFN subframe) for transmitting full CRS symbols.
Suggestion 3: No common L1 signaling is introduced to indicate MBSFN/non-MBSFN subframe 
Information on CRS/CSI-RS transmit power

As discussed in [2], signal strength measurement for CSI report can be restricted to a certain subframe so that UE doesn’t need to interpolate channel estimation via CRS/CSI-RS over multiple subframes. Moreover, differentiating interference measurement between subframes with different transmit power of a serving cell is not necessary. Therefore, no signaling is necessary regarding information on CRS/CSI-RS transmit power.

However, if interpolating channel estimation through CRS/CSI-RS over multiple subframes is agreed in CSI discussion, straight forward way is to indicate information on CRS/CSI-RS transmit power in each subframe by common L1 signaling.

Suggestion 4: If interpolation of channel estimation via CRS/CSI-RS over multiple subframes is not necessary, no common L1 signaling is introduced regarding information on CRS/CSI-RS transmit power. If interpolation of channel estimation via CRS/CSI-RS over multiple subframes is agreed to be necessary, common L1 signaling is introduced to indicate information on CRS/CSI-RS transmit power of each subframe.
Presence of aperiodic CSI-RS/CSI-IM

Aperiodic CSI-RS/CSI-IM allocation may not be necessary on top of the already agreed RRC-configured CSI-RS/CSI-IM.
Suggestion 5: Aperiodic CSI-RS/CSI-IM is not introduced 

Presence of DRS

UE may need to know presence of DRS in a subframe for the purposes of EPDCCH/PDSCH rate matching and identification of CRS/CSI-RS/CSI-IM for CSI measurement. However, presence of DRS may not need to be indicated via L1 signaling as long as DRS cannot be multiplexed with EPDCCH/PDSCH in subframes other than subframe 0/5, as discussed in [3].
Suggestion 6: Presence of DRS doesn’t need to be indicated by L1 signaling as long as DRS cannot be multiplexed with EPDCCH/PDSCH in subframes other than subframe 0/5 

3. Common L1 signaling design

If common L1 signlaing should be introduced in LAA SCell, PCFICH, PHICH and PDCCH structure can be considered to be reused.

PCFICH

For information bit width equal or less than 2 bits, encoding and RE mapping of existing PCFICH can be directly reused.
PHICH
For a relatively small information bit width but larger than 2 bits, PHICH structure can be considered. However, the following aspects should be decided to reuse PHICH.
· Encoding scheme

· As for encoding scheme, RM code used in UCI may be reused. However, required performance and code rate should be evaluated and confirmed. 

· Codeword to RE mapping

· Each codeword bit may be mapped to each PHICH or each REG consisting of a PHICH. Performance may be different depending on different schemes
· Resource allocation

· Depending on the codeword to RE mapping rule and required performance for common L1 signaling, it should be decided how many PHICH groups are to be allocated for common L1 signaling. It should be also decided whether 8 PHICH resources in a PHICH group can be used or number of PHICH resources in a PHICH group should be restricted to achieve uniform PSD in unlicensed carrier.

PDCCH

PDCCH can be used for, for example, larger than 10 bits including CRC. Existing PDCCH structure can be reused for common L1 signaling by, for example, picking (or configuring) a single PDCCH candidate in a common search space.

Considering discussion above, it is preferable to restrict the information bit width for common L1 signaling (if introduced) within 2 bits to directly reuse existing PCFICH structure. If larger information bit width is necessary, it may be considered to reuse existing PDCCH with some reservation bits for future extension.
Suggestion 6: Restrict the information bit width for common L1 signaling (if introduced) within 2 bits to directly reuse existing PCFICH structure
4. Summary and conclusions

In this contribution we discussed potential signaling aspects related to subframe length, MBSFN/non-MBSFN subframe, reference signal transmit power, CSI measurement resource, and DRS rate matching. The suggestions are summarized as follows.
Suggestion 1: No common L1 signaling is introduced to indicate TTI length or DM-RS pattern for the purpose of EPDCCH/PDSCH reception 
Suggestion 2: No common L1 signaling is introduced to indicate TTI length or DM-RS pattern for the purpose of CSI measurement with CRS or CSI-RS

· FFS for CSI-IM 
Suggestion 3: No common L1 signaling is introduced to indicate MBSFN/non-MBSFN subframe 
Suggestion 4: If interpolation of channel estimation via CRS/CSI-RS over multiple subframes is not necessary, no common L1 signaling is introduced regarding information on CRS/CSI-RS transmit power. If interpolation of channel estimation via CRS/CSI-RS over multiple subframes is agreed to be necessary, common L1 signaling is introduced to indicate information on CRS/CSI-RS transmit power of each subframe.
Suggestion 5: Aperiodic CSI-RS/CSI-IM is not introduced 

Suggestion 6: Restrict the information bit width for common L1 signaling (if introduced) within 2 bits to directly reuse existing PCFICH structure
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