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1. Introduction

At the RAN1 #82bis meeting and during the email discussion after the meeting, possible signalling contents in LAA DL subframes were discussed and following agreements were made [1, 2].
Agreements:
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 contribution, we discuss on the L1 signaling design, i.e., contents and mechanism in LAA DL transmission.
2. Possible contents for common signaling
If a signaling content in a subframe is necessary and/or beneficial for both scheduled and non-scheduled UEs, e.g., for CSI measurement and synchronization, it should be carried by the common signaling. In this section, we discuss on the necessity of possible signaling contents discussed in the email discussion [2].

Ending partial subframe structure

It was agreed that signaling of the presence of end DL partial subframes is supported in LAA. At least the structure of ending partial subframe needs to be known at the scheduled UEs in the subframe. In addition to that, as argued in our companion contribution [3], this information is necessary for non-scheduled UEs for the purpose of CSI measurement and synchronization, since the presence of SS/RS would depend on the structure of ending partial subframe, i.e., number of available OFDM symbols in the subframe. Therefore, the presence and structure of the ending partial subframe should be signaled by using a common signaling. As argued in [3], 3 bits should be considered for this indication to support up to 8 candidate structures (including full subframe structure) for the ending subframe.
1/2 or 4/6 OFDM symbol CRS (MBSFN or non-MBSFN)
For the UE identification of the subframe structure i.e., the number of CRS symbols in the subframe, three options were identified in the email discussion [2]. In the option based on RRC configuration, the structure of each subframe is semi-statistically fixed. However, it means the significant restriction on the subframe usage i.e., less flexibility. Therefore, we think RRC configuration for the subframe structure is not necessary. Then, regarding the necessity of dynamic signaling, we think it may be beneficial even though UE blind detection of the presence of 4/6 CRS symbols would be possible. Since we will need to have a common signaling at least for ending partial subframe structure, we can consider adding 1 bit to the common signaling for the indication of CRS structure in the subframe.
Number of expected DL subframes (starting from current subframe) in the ongoing transmission burst
This information is beneficial for allowing CSI measurement averaging among subframes within a same burst and for skipping the identification of DL transmission from serving LAA SCell on several upcoming subframes. However, since this indication means eNB needs to commit the usage of the upcoming subframes, it would be less flexible. In addition, the first benefit of this indication can be achieved by some other ways such as a signaling of CRS/CSI-RS power variation and a burst index indication. So, we think this information itself seems not so necessary in LAA DL control signaling, but we can consider other signaling contents to achieve the same or similar goal with this information.
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 information would be mainly used in future releases e.g., after the introduction of LAA UL transmission. But supporting this indication for Rel-13 LAA UEs may be beneficial in terms of forward compatibility. So, once the common signaling is introduced for Rel-13 LAA, we can consider including this information in the signaling.
Presence of aperiodic CSI-RS/IM
Generally, we think that the support of aperiodic CSI-RS/IM transmission is beneficial since it provides more CSI measurement opportunities according to the channel occupancy situation. As discussed in our companion contribution [4], aperiodic CSI-RS transmission in DRS can be detected by UE based on the presence of PSS/SSS in the subframe i.e., without an explicit indication. But for the aperiodic CSI-RS/IM transmission in non-DRS subframe, this signaling is necessary. Therefore, since aperiodic CSI-RS/IM is generally beneficial, the signaling should be introduced in Rel-13 at least for the rate matching.
CRS/CSI-RS power variation
As mentioned above, this signaling is beneficial for allowing CSI measurement averaging among subframes with the same CRS/CSI-RS power. However, as described above, another signaling for the burst identification can also allow CSI measurement averaging among subframes within the same burst. For the channel measurement, averaging among subframes with the same RS power may be beneficial. On the other hand, for the interference measurement, averaging among different bursts may not be good since the interference power may drastically change after the LBT between two consecutive bursts. Even though the interference condition on unlicensed carrier may dynamically change within the burst, allowing the CSI measurement averaging only within the same burst may be reasonable. 
Presence of DRS
As discussed in [5], we think the presence of DRS can be identified by UE without an explicit signaling if an appropriate UE assumption on the DRS subframe within DMTC is defined. However, since the blind identification of DRS subframe is based on the detection of PSS/SSS, it may cause a processing delay for PDSCH decoding and CSI measurement. If it should be avoided, the signaling of the DRS presence in the subframe is beneficial. But if the DRS and PDSCH multiplexing in subframe other than #0/#5 is not supported, the signaling indication of the presence of CSI-RS/IM may be sufficient.
In summary, we should support a new common signaling which contains at least following information.

· Ending partial subframe structure

· Burst index indication
· Presence of aperiodic CSI-RS/IM
In addition, following contents for the common signaling can also be considered with corresponding conditions.
· 1/2 or 4/6 OFDM symbol CRS, if UE blind identification of 1/2 or 4/6 CRS symbols is not reliable or too complex

· Number of subframes that need not to be monitored after the ongoing DL transmission burst, if there are available bits for this signaling in the defined common signaling with reasonable size

· CRS/CSI-RS power variation, if it is necessary for the accurate CSI channel measurement
Table 2-1 shows some examples of the contents and corresponding bit length for the common signaling.

If the DRS and PDSCH multiplexing in subframe other than #0/#5 is supported and UE blind detection of DRS subframe is not suitable, the presence of DRS should be signaled by either common or dedicated signaling for rate matching.
Proposal 1: A new common signaling should be supported to carry at least following information.
· Ending partial subframe structure

· Burst index indication

· Presence of aperiodic CSI-RS/IM
Table 2-1: Possible contents for the common signaling
	Contents
	Length
	Examples
	Purposes

	Ending partial subframe structure
	3
	{3, 6, 7, 9, 10, 11, 12, 14} available OFDM symbols
	Rate matching, CSI measurement (based on CRS or periodic CSI-RS/IM)

	Burst index
	2 or 1
	Burst index of {#0, #1, #2, #3}
	CSI measurement averaging

	Presence of aperiodic CSI-RS/IM
	1
	{present, absent}
	CSI measurement based on aperiodic CSI-RS/IM, rate matching

	CRS structure (if any)
	1
	{1/2 CRS symbol(s), 4/6 CRS symbols}
	Synchronization, CSI measurement based on CRS, rate matching

	Number of subframes that need not to be monitored (if any)
	3 or 2
	{0, 1, 2, 3, 4, 5, 6, 7} subframes
	Forward compatibility, UE battery savings

	CRS/CSI-RS power variation (if any)
	2
	{+9, +6, +3, 0} dB from the configured value
	CSI measurement averaging among multiple bursts

	Presence of DRS (if any)
	1
	{present, absent}
	Rate matching


3. Transmission scheme of the new common signaling 

As the transmission scheme of the new common signaling for LAA, we can consider following alternatives.
· Alt. 1: define common search space for LAA SCell and use DCI with new or existing RNTI to carry the common signaling

· Alt. 2: define new RNTI and use DCI in common search space in PCell to carry the common signaling together with the target SCell index
· Alt. 3: use PHICH resources on LAA SCell to carry the common signaling
· Alt. 4: enhance PCFICH to carry the common signaling in addition to CFI
We think the most straightforward approach is Alt. 1, and it would be forward compatible if we can reserve several bits in the DCI. Considering the possible size of signaling contents proposed in the previous section, DCI format 1C may be suitable to carry the information. In addition, we can define a new fixed RNTI for the common signaling on LAA SCell by using one of the reserved RNTI values for future use.
Proposal 2: Define common search space for LAA SCell and use DCI format 1C with new RNTI to carry the common signaling.

4. Conclusion 

In this contribution, we have discussed on the L1 signaling design, i.e., contents and mechanism in LAA DL transmission. We made the following proposals. 

Proposal 1: A new common signaling should be supported to carry at least following information.

· Ending partial subframe structure

· Burst index indication

· Presence of aperiodic CSI-RS/IM
Proposal 2: Define common search space for LAA SCell and use DCI format 1C with new RNTI to carry the common signaling.
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