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Introduction
[bookmark: OLE_LINK30][bookmark: OLE_LINK31]In the RAN1#82 meeting, the following agreements were reached [1].
· The following option is excluded for PDSCH transmission in a DL subframe on a LAA SCell
· Option 2: A DL transport block is transmitted on a subset of the OFDM symbols in the DL subframe and all OFDM symbols in the next or the previous subframe (i.e. Super TTI)
· Further study on the following options for PDSCH transmission in a DL subframe on a LAA SCell considering spectrum efficiency, eNB/UE complexity, etc
· Option 1: A DL transport block is only transmitted on a subset or all of the OFDM symbols in the DL subframe (i.e. Partial TTI)
· Option 3: A DL transport block is transmitted on a subset of OFDM symbols in the DL subframe and a subset of the OFDM symbols in the next or the previous subframe within a TTI less than or equal to 1ms or in a subset or all OFDM symbols in one subframe (i.e. Floating TTI)
At RAN1 #82b meeting, the ending partial subframe for LAA is discussed and agreed [2].
1. DL transport block in the last subframe of a DL Tx burst can be transmitted using DwPTS structure, or a full subframe
0. FFS how to signal the structure of the last subframe
0. FFS whether to define a 13-symbol partial subframe
0. FFS whether DwPTS structure with 3 OFDM symbols can be used for the last subframe
0. FFS down selection 
The signaling aspects for LAA subframe has been further discussed in the email discussion after RAN1 #82b meeting [3]. And the following are agreed:
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
o   Option1-1: reusing the RRC configuration of MBSFN subframes
o   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
o   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
o   FFS: Signaling method
         Option 2: No signaling is needed 
o   Option 2-1: UE blind detection of DRS for rate matching
o   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 the remaining issues of LAA frame structure and signaling aspects in details.
DL frame structure and signaling
Due to randomness of LBT Cat 4, LAA eNBs may access channel at any time in a subframe where LBT is performed. As a consequence, channel access time may not be at the boundary of a LBT subframe or even not at an OFDM symbol boundary. To utilize the unlicensed carrier efficiently, partial TTI or floating TTI can be considered.
Other than the initial and/or ending partial subframe, all the other subframes during the channel occupancy time are aligned with the licensed PCell. Thus, existing mechanisms related to both self and cross carrier scheduling, HARQ timing determination and CSI feedback timing can be reused for LAA.
For floating TTI, the handling of partial subframe for data transmission is avoided. Existing PDSCH scheduling can be reused without considering the variable available number of OFDM symbols. However, all the floating subframes on the unlicensed SCell during the channel occupancy time may not be aligned with the subframe boundary of the licensed PCell. In other words, a floating subframe on LAA SCell will likely cross the boundary of two subframes on PCell. Furthermore, due to the randomness of the starting position of floating subframe on LAA SCell, the portions of the floating subframe corresponding to those two PCell subframes can vary over time. As a consequence, timing relationships for cross carrier scheduling, HARQ timing determination and CSI feedback timing for those floating subframes need much more specification work. Considering the specification efforts and complexity to support the three options, we have the following proposal.Proposal 1: a DL transport block is only transmitted on a subset or all of the OFDM symbols in the DL subframe.
There will be two types of partial subframe as listed below, which are shown in Figure 1.
Ending partial subframe: start at the subframe boundary and end at the middle of a subframe.
Initial partial subframe: start at the middle of a subframe and end at the subframe boundary.

Figure 1: Initial and ending partial subframe for LAA
 Ending Partial Subframe
For the ending partial subframe, the following agreements were reached in the RAN1#82b meeting and email discussion. 
1. DL transport block in the last subframe of a DL Tx burst can be transmitted using DwPTS structure, or a full subframe
1. Signaling the presence of end DL partial subframes is supported in LAA. 
In addition to the presence of ending partial subframe, we think the number of OFDM symbols for the ending partial subframe should be indicated to UE for UE data processing as well. Due to randomness of a successful CCA and different TXOP requirement, the number of OFDM symbols for the ending subframe varies from 1 to 14. Hence, an extension of DwPTS structure for ending partial subframe should be considered.
Take standardization effort, timeline of Rel-13 and overhead of signaling into consideration, the set of OFDM symbols for ending partial subframe should be limited but covers most typical cases. For example, the set of the number of OFDM symbols for the ending subframe is {3, 6, 7, 9, 10, 11, 12, 14}. “3” OFDM symbols for ending partial subframe could be used for UL grant while “14” represents a full subframe. Three bits can be used to indicate the number of OFDM symbols for the ending subframe. If signaling overhead is not a concern, then 4 bits can be considered for this signaling to cover all possible sizes of ending subframe.
In every DL subframe in a burst, this signaling (the number of OFDM symbols for the ending subframe) should be transmitted. Given that flexibility to have any subframe as a partial subframe is essential for efficient use of unlicensed band spectrum when UL is eventually added, it makes sense for this information to be signaled in every subframe. This also gives maximum flexibility for UE reception and minimizes linkages between different subframes.
A DCI should be considered to deliver this signaling. A DCI in common search space (CSS) should be assigned for signaling the number of OFDM symbols for the ending subframe. Other new signaling (e.g., number of DL subframe, the number of UL / other purpose subframe) can also be contained in this DCI.
Proposal 2: The number of OFDM symbols of ending partial subframe should be signaled by DCI in each subframe. 
Initial Partial Subframe
In order to utilize the unlicensed carrier more efficiently, it is desirable to be able to use the initial partial subframe immediate after a successful LBT. It is possible for the LAA eNB to prepare physical channels in advance for all possible start positions but this will undoubtedly increase the cost and complexity of LAA eNB implementation. In addition, the UE also needs to know the start OFDM symbol for control/data transmission. A large number of possible start positions will increase the number of possible physical channel structures which the UE is required to handle, which will again increase the cost and complexity of UE implementation. Therefore, limiting the start of control/data to a reduced number of OFDM symbols could simplify LAA node/UE implementation.
If the duration of the CCA detection isn’t limited, but only the start positions of the control signal /data are limited, then an LAA node has to transmit some reservation signal to hold the channel until the start position of the control signal/data. Obviously, this will result in spectrum inefficiency.
Thus, it is recommended that the method of restricting CCA detection and reduced number of control signal/data starting positions can be considered together.
For example, the CCA can be limited to be only performed from the beginning of a subframe and till at most K consecutive OFDM symbols. The value of K will affect the start position of PDSCH after successful CCA. A larger value of K leads to more possibilities of the start position of PDSCH in the initial partial subframe, which in turn will increase UE blind detection complexity. But it will also increase the range of CONTENTION WINDOW in LBT and hence, it may increase the possibility of successful LBT.
Here, we give an example in Figure 2. The first 3 OFDM symbols of a subframe are used for CCA while other OFDM symbols in this subframe are not allowed for CCA. The initial signal (e.g., PSS/SSS) and reservation signal (padding) can be transmitted, if there are integral symbols before the fourth symbol. PDSCH can only be transmitted from the fourth OFDM symbol in the initial partial subframe in order to decrease the UE detection complexity. The DCI of scheduling for the PDSCH in the initial partial subframe can be given by EPDCCH in this initial partial subframe.


Figure 2   An example of restriction to CCA region and data start  
Simulations are conducted to compare the performance of CCA restriction vs. no CCA restriction. A maximum channel occupancy time of 4 ms is used. Note that for both cases, PDSCH always starts at the 4th OFDM symbol. Reservation signal is used to hold the channel until the next PDSCH start position after a successful CCA. For the case of restricted CCA region, the first 3 OFDM symbols of each subframe can be used for CCA. CW is from 16 to 1024. All other simulation parameters are listed in the appendix. It is observed that the performance of restricted CCA region is comparable to that of no restriction CCA region. 
Proposal 3: DL transport block in the first subframe of a DL Tx burst can be transmitted in a subset or all of the OFDM symbols. For PDSCH transmission, CCA region of LBT Cat 4 should be restricted to the first 3 OFDM symbols of a subframe. PDSCH should be restricted to start from the 4th OFDM symbol in the first subframe of a DL transport block. 
Number of DL expected subframes
After a successful LBT/CCA, an LAA site should evaluate its duration for occupancy of unlicensed carrier. It should indicate this information to UE in every DL subframe to help UE measurement and power saving. At the same time, an LAA site can adjust the number of expected DL subframes within the maximum COT according to data arrival.
This signaling provides necessary information to average channel measurements within the same transmission burst, since CRS/CSI-RS transmission power is constant within a burst. Note it is useful for both CRS and CSI-RS based measurement as well as CRS-based demodulation. Once the UE receives this signaling in one subframe, it does not need to blind detect CRS for the existence of the subframe until the end of the DL burst.
In addition, it is also possible to increase the number of DL subframe if for example more packet arrives during the DL burst, or receiving NACK from the UE. Considering the possible number of DL expected subframes and dynamic varying nature of such information, three or four bits can be used to describe the number of expected DL subframes and it should be transmitted in every DL subframe. If a DCI in CSS is introduced, then this signaling can be carried by this DCI.
Proposal 4: The signaling for the number of expected DL subframes is supported and transmitted in every DL subframe. A DCI to carry this signaling is preferred.
[bookmark: OLE_LINK20][bookmark: OLE_LINK21]Number of subframes after end of DL transmission
This signaling is beneficial when UL is considered so that the eNB can indicate if and how many UL subframes will be following the current DL transmission. This indication to UE will enable significant UE power savings by allowing the UEs to sleep when UL traffic is being scheduled and the UE under consideration has not received any UL grants. 
Three or four bits can be used to describe the number of subframes after end of DL transmission. It is suggested that this signaling be carried by a DCI. It is suggested that a DCI in CSS is introduced to carry this signaling. It will be transmitted in every DL subframe.
Proposal 5: The signaling for the number of subframes after end of DL transmission is supported and transmitted in every DL subframe. A DCI to carry this signaling is preferred.
MBSFN Subframe in DL burst
Currently, the MBSFN subframe is configured via RRC. For LAA, this feature can be reused. It will reduce standard work. After receiving RRC signaling of MBSFN configuration, a UE will assume the configured MBSFN subframe has CRS only in the first two symbols. In addition, a UE can blindly detect the existence of an MBSFN subframe but it will increase detection complexity of a UE.
Even though explicit dynamic signaling of the subframe type adds the robustness, but the additional signaling overhead and specification effort on top of the already implemented blind detection needs more justification. Thus, it is preferred that the current RRC signaling be reused for MBSFN subframe to minimize standard impacts. If a dynamic signaling is introduced for MBSFN subframe type, then a DCI in CSS is preferred.
Presence of CSI-RS/CSI-IM
Since the period of CSI-RS/CSI-IM is {5, 10, 20, 40, 80} ms, which is long compared to the DL burst duration, it seems beneficial to introduce aperiodic CSI-RS to provide more measurement opportunity within a burst, especially considering the existence of periodic CSI-RS is not guaranteed due to LBT. Furthermore, in some regulatory area, the maximum COT is limited where there may be no periodic CSI-RS in some cases during a TXOP even a 5ms periodicity of CSI-RS is configured.
As a complement to periodic CSI-RS, an aperiodic CSI-RS is a reasonable addition to LAA. If the aperiodic CSI-RS is introduced in LAA, then a signaling should be introduced to avoid UE blind detection of CSI-RS/CSI-IM.
To reduce overhead, higher layer configuration of candidate CSI-RS/CSI-IM pattern with PHY signaling should be the first choice. The higher layer configuration of candidate CSI-RS/CSI-IM pattern is semi-static. After that, a PHY signaling indicates whether there is a CSI-RS/CSI-IM pattern in this subframe.
One bit information is transmitted in every subframe to indicate whether there is a CSI-RS/CSI-IM pattern in this subframe. A three-bit-information could also be considered to indicate CSI-RS/CSI-IM configuration. Obviously, the former has less overhead.
Proposal 6：The aperiodic CSI-RS should be introduced in LAA. If the aperiodic CSI-RS is introduced in LAA, then a signaling for presence of CSI-RS/CSI-IM carried by a DCI is preferred.
Presence of DRS for EPDCCH/PDSCH rate matching
A detailed analysis on multiplexing DRS and EPDCCH/PDSCH within a subframe is given in [4].
The PDSCH rate-matching with respect to DRS is performed only in the specific DRS occasion candidate(s). The specific candidate(s) can be the first DRS occasion candidate in DL TX burst, or subframe 0/5 if subframe 0/5 is DRS occasion candidates. Hence, when the DRS transmission mechanism listed above is adopted, the subframe with DRS is determined and, multiplexing DRS and EPDCCH/PDSCH together is also determined.
It is unnecessary to introduce signaling to indicate presence of DRS for EPDCCH/PDSCH rate matching.
CRS/CSI-RS power variation
Note that there were agreement and working assumption regarding power variation in RAN1#82bis meeting:
· UE may assume that the transmission power for CRS and CSI-RS in the DRS is constant for RRM measurements regardless of the subframe in which the DRS is transmitted within the DMTC
· UE may assume that the CRS and CSI-RS transmission has a constant power in each subframe of DL transmission burst, and the UE should not assume that the CRS and CSI-RS transmission power is the same across transmission bursts
Currently, the power of CRS/CSI-RS is configured by RRC. The eNB can adjust the power of CRS/CSI-RS semi-statically. For LAA, it is the simplest and the most efficient way to reuse current scheme (i.e., RRC signaling). A UE can know the power of CRS/CSI-RS of neighbor bursts via RRC signaling. It is unnecessary to introduce dynamic signaling to indicate the power variation of CRS/CSI-RS.
In summary, it is suggested a DCI in CSS be introduced to carry signaling proposed above.
[bookmark: OLE_LINK28][bookmark: OLE_LINK29]Proposal 7：A DCI in CSS is introduced to carry the following signaling.
· 3 bits to indicate the number of OFDM symbols of ending subframe which is selected from {3, 6, 7, 9, 10, 11, 12, 14}.
· 3 or 4 bits to indicate the number of expected DL subframes (starting from current subframe).
· 3 or 4 bits to indicate the number of subframes after end of DL transmission.
· If the aperiodic CSI-RS is introduced, then 2 bits separately indicate whether CSI-RS/CSI-IM is present or not.
Conclusion 
In this contribution, we have presented our views on the design of partial subframe and signaling for LAA. In conclusion, we have the following proposals:
Proposal 1: a DL transport block is only transmitted on a subset or all of the OFDM symbols in the DL subframe.
Proposal 2: The number of OFDM symbols of ending partial subframe should be signaled by DCI in each subframe. 
Proposal 3: DL transport block in the first subframe of a DL Tx burst can be transmitted in a subset or all of the OFDM symbols. For PDSCH transmission, CCA region of LBT Cat 4 should be restricted to the first 3 OFDM symbols of a subframe. PDSCH should be restricted to start from the 4th OFDM symbol in the first subframe of a DL transport block. 
Proposal 4: The signaling for the number of expected DL subframes is supported and transmitted in every DL subframe. A DCI to carry this signaling is preferred.
Proposal 5: The signaling for the number of subframes after end of DL transmission is supported and transmitted in every DL subframe. A DCI to carry this signaling is preferred.
Proposal 6：The aperiodic CSI-RS should be introduced in LAA. If the aperiodic CSI-RS is introduced in LAA, then a signaling for presence of CSI-RS/CSI-IM carried by a DCI is preferred.
Proposal 7：A DCI in CSS is introduced to carry the following signaling.
· 3 bits to indicate the number of OFDM symbols of ending subframe which is selected from {3, 6, 7, 9, 10, 11, 12, 14}.
· 3 or 4 bits to indicate the number of expected DL subframes (starting from current subframe).
· 3 or 4 bits to indicate the number of subframes after end of DL transmission.
· If the aperiodic CSI-RS is introduced, then 2 bits separately indicate whether CSI-RS/CSI-IM is present or not.
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Appendix
	
	Licensed cell
	Unlicensed cell

	Layout for nodes
	For DL-only coexistence evaluations:

Two operators deploy 4 small cells each in the single-floor building. 

The small cells of each operator are equally spaced and centered along the shorter dimension of the building. The distance between two closest nodes from two operators is random. The set of small cells for both operators is centered along the longer dimension of the building.
 (
120 m
50 m
 
 
 
 
 
 
 
 
)



	System bandwidth per carrier
	10MHz
	20MHz

	Carrier frequency 
	3.5GHz
	5.0GHz

	Number of carriers
	2 (one for each operator)
	1 

	Total BS TX power
	24dBm (Ptotal per carrier)
	24 dBm

	Total UE TX power 
	Total UE TX power: 23dBm across aggregated cells
Max total UE TX power per cell in licensed spectrum: 23dBm
Max total UE TX power across aggregated cells in unlicensed spectrum: 18 dBm 

	Distance-dependent path loss
	Small cell-to-Small cell, Small cell-to-UE: ITU InH [referring to Table B.1.2.1-1 in TR36.814]
Indoor UE-to-indoor UE: 3GPP TR 36.843 (D2D). 
(3D distance between an eNB and a UE is applied. Working assumption is that 3D distance is also used for LOS probability and break point distance)

	Penetration
	0dB

	Shadowing
	ITU InH [referring to Table A.2.1.1.5-1 in TR36.814]
Working assumption is that 3D distance is used for shadowing correlation distance

	Antenna pattern
	2D Omni-directional is baseline; directional antenna is not precluded

	Antenna Height: 
	6m 

	UE antenna Height
	1.5m

	Antenna gain + connector loss
	5dBi

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU InH

	Number of clusters/buildings per macro cell geographical area
	N/A

	Number of small cells per cluster
	N/A

	Number of small cells per Macro cell
	N/A

	Number of UEs 
	20 UEs per unlicensed band carrier per operator

	UE dropping per network
	All UEs should be randomly dropped and be within coverage of the small cell in the unlicensed band.

	Radius for small cell dropping in a cluster
	N/A

	Radius for UE dropping in a cluster
	N/A

	Minimum distance (2D distance)
	
3m

	Traffic model
	FTP Model 3: Based on FTP model 2 as in TR 36.814 with the exception that packets for the same UE arrive according to a Poisson process and the transmission time of a packet is counted from the time instance it arrives in the queue.
FTP model file size: 0.5 Mbytes.

	UE receiver
	MMSE-IRC as baseline

	UE noise figure
	9dB

	UE speed
	3km/h

	Cell selection criteria
	For LAA UEs, cell selection is based on RSRP in the unlicensed band. 

	UE Bandwidth
	UE bandwidth for LAA: 10 MHz licensed + 20 MHz unlicensed 

	Network synchronization
	For the same operator, the network is synchronized.
Asynchronous between different operators.

	Performance metrics
	· User perceived throughput (UPT)
· File throughput is calculated per file
· Unfinished files should be incorporated in the UPT calculation. 
· The number of served bits (possibly zero) of an unfinished file by the end of the simulation is divided by the served time (simulation end time – file arrival time).
· User throughput is the average of all its file throughputs
· Latency (From packet arrival in devices (eNB, AP, UE, STA) MAC buffer to successful transmission (including retransmission) of packet)
· Latency CDF



· Simulation Results
Table A.1 Low load
	DL CAT4
	No restriction of CCA region
	Restricted CCA region

	Reported parameters
	Op1
	Op2
	Op1
	Op2

	UPT CDF
[Mbps]
	5%
	51.688
	48.106
	56.483
	52.042

	
	50%
	81.054
	81.434
	81.785
	82.116

	
	95%
	111.177
	115.492
	108.488
	119.032

	
	Mean
	82.006
	83.839
	83.257
	83.981

	Delay CDF
[s]
	5%
	0.024
	0.024
	0.024
	0.024

	
	50%
	0.074
	0.060
	0.068
	0.061

	
	95%
	0.744
	0.560
	0.690
	0.493

	
	Mean
	0.184
	0.151
	0.171
	0.145

	DL 𝜌
	（%）
	99.891
	99.810
	99.891
	99.810

	DL BO
	（%）
	21.404
	19.844
	20.014
	19.471

	
	
	
	
	
	

	　𝜆
	0.4


Table A.2 Medium load
	DL CAT4
	No restriction of CCA region
	Restricted CCA region

	Reported parameters
	Op1
	Op2
	Op1
	Op2

	UPT CDF
[Mbps]
	5%
	19.257
	19.266
	18.787
	18.693

	
	50%
	38.011
	45.326
	35.370
	43.404

	
	95%
	77.073
	79.153
	76.412
	76.060

	
	Mean
	42.688
	48.680
	41.900
	46.671

	Delay CDF
[s]
	5%
	0.025
	0.024
	0.025
	0.026

	
	50%
	0.223
	0.189
	0.219
	0.178

	
	95%
	1.916
	1.655
	2.110
	1.230

	
	Mean
	0.501
	0.408
	0.506
	0.362

	DL 𝜌
	（%）
	99.070
	98.530
	99.228
	98.621

	DL BO
	（%）
	44.247
	40.384
	44.623
	39.650

	
	
	
	
	
	

	𝜆
	0.5



Table A.3 High load
	DL CAT4
	No restriction of CCA region
	Restricted CCA region

	Reported parameters
	Op1
	Op2
	Op1
	Op2

	UPT CDF
[Mbps]
	5%
	5.344 
	6.188 
	2.644 
	4.725 

	
	50%
	15.377 
	20.584 
	14.437 
	20.936 

	
	95%
	49.299 
	50.787 
	53.944 
	53.992 

	
	Mean
	21.054 
	26.286 
	20.738 
	24.802 

	Delay CDF
[s]
	5%
	0.041 
	0.035 
	0.039 
	0.036 

	
	50%
	0.616 
	0.389 
	0.507 
	0.382 

	
	95%
	4.655 
	3.513 
	4.486 
	3.135 

	
	Mean
	1.221 
	0.862 
	1.142 
	0.810 

	DL 𝜌
	（%）
	92.307 
	96.653 
	91.710 
	96.478 

	DL BO
	（%）
	63.233 
	56.699 
	64.549 
	57.531 

	
	
	
	
	
	

	𝜆
	0.6
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