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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the post RAN #82bis email discussion [82b-11] the following are considered as potential signaling for LAA downlink [1]:
· 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 the signaling content especially concerning the number of the information bits, and propose the corresponding signaling method.  
[bookmark: _Ref129681832]General considerations 
In this section the following topics are discussed:
· Whether or not the signaling items shall be dynamically indicated to the UE?
· If the signaling item is dynamically indicated (not via RRC), the number of information bits may need to be carefully investigated.
· Whether the signaling items are sent to UE with PDSCH or without PDSCH?
· The signaling may serve the purpose for PDSCH demodulation, e.g., channel measurement which is beneficial to a UE with PDSCH, while some items offer reduced complexity and UE power saving, which is beneficial to a UE without PDSCH.
· How many bits are needed if the signaling item is indicated dynamically?
· This is the starting point of the corresponding signaling design.

The signaling items are analyzed one by one as below in terms of signaling method, applicability to UEs with/without PDSCH and number of bits (the number of bits used is discussed in Appendix): 
· 1/2 or 4/6 OFDM symbol CRS (MBSFN or non-MBSFN)
The following options are mentioned in the email discussion:
· 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. 

Option 1-1 (Reusing the RRC configuration of MBSFN subframes) configures the subframe type semi-statically which limits the eNodeB scheduling flexibility. In addition it may not be future proof considering the DL+UL frame structure may not follow the current MBSFN configuration.
Option 2 (UE blind detection) allows the UE to blind detect the CRS for the existence of the DL subframe. As evaluated in [2], the UE would need to blind detect more CRS symbols to reliably decide if it is a valid DL subframe or not. Accordingly the blind detection of more CRS symbols could also tell if the current subframe is a normal subframe or a MBSFN subframe. 
Option 1-2 introduces a 1-bit RRC signaling to indicate whether all the subframes contain 4 CRS symbols This signaling would be beneficial to save blind detection effort on the number of CRS symbols if all the DL subframes are normal subframes. Otherwise the subframe type and number of CRS symbols could be blind detected.
Option 3 (dynamic signaling of the subframe type) can add the robustness and support full scheduling flexibility, at the cost of the potential additional signaling overhead in every subframe.
Therefore Option 1-2 together with option 2(blind detection) is slightly preferred 
· Signaling: Option 1-2 assisted by UE blind detection requires 1 bit RRC signaling.
· Applicability: common to all the UEs
· Number of bits: 0 or 1 bit
· End Partial Subframe
· Signaling: Dynamic. 
· Applicability: common to all the UE. By this signaling, UE can stop assuming the same CRS/CSI-RS power from the next subframe. In addition, UE can stop (E)PDCCH blind detection from the next subframe and starts CRS blind detection..
· Number of bits: 4 bits (together with the number of expected DL subframes), or 3bits if the dynamic signaling of the number of the expected DL subframe is not supported.
· Number of expected DL subframes (starting from current subframe) in the ongoing transmission burst
· Signaling: Dynamic if the signaling is supported 
· Applicability: Common to all the UEs. It helps UE to average channel measurements within the same transmission burst and avoid the UE blind detection of the downlink transmission in the remaining subframes of the transmission bursts. The combination of CRS detection and the above end subframe indication can provide such function. This signaling further provides a double-confirm.
· Number of bits: - (if the signaling is supported, jointly indicated with the End partial subframe)
· Number of subframes after end of DL transmission during which UE need not monitor downlink control information and perform CSI measurements
· Signaling: Dynamic if the signaling is supported. 
· Applicability: Common to all the UEs. UE may not need to monitor downlink control information and perform CSI measurements in some subframes which helps power saving. It is especially useful when UL LAA is introduced in future release. As agreed in the email discussion, FFS candidate signaling methods that may be specified in a potential future WI.
· Number of bits: 0 or 4 bits
· CRS/CSI-RS power
· Signaling: Dynamic. 
· Applicability: Common to all the UEs. It helps the UE to perform channel measurement, e.g. channel estimate filtering, across different transmission bursts. 
· Number of bits: 2 bits (the power offset can be configured by RRC signaling)
· Presence of CSI-RS/CSI-IM (if aperiodic CSI-RS/CSI-IM is supported)
· Signaling: Dynamic
· Applicability: common to all the UEs. 
· Number of bits: 0 or1 bit
· Presence of DRS for EPDCCH/PDSCH rate matching
As discussed in a companion contribution [3], it is proposed not to support DRS and PDSCH multiplexing in subframes other than #0 and #5.
· Signaling: Dynamic if the signaling is supported.
· Applicability: UE with PDSCH. UE may not need to blind detect the existence of DRS. UE without PDSCH is not expected to use this information for rate matching.
· Number of bits: 0 or 1bit.

The signaling items are summarized in Table 1 concerning whether signaling is dynamic or not, applicability to UE with or without PDSCH, and number of bits.
Table 1. Summary of the downlink signaling used for the LAA burst information.
	
	Dynamic or not
	Applicability to UE with/without PDSCH 
	Number of bits for dynamic signaling
	Comments

	1/2 or 4/6 OFDM symbol CRS
	1 bit RRC signaling, or alternatively dynamic
	Common to all the UEs
	0 or 1
	1 bit RRC signaling preferred

	End partial subframe 
	Y
	Common to all the UEs
	3, or
4 (together with the information “Number of the expected DL subframes” if the latter is supported)
	Including all DwPTS patterns and regular subframe 


	Number of expected DL subframes
	Y if the signaling is supported
	Common to all the UEs
	0
(together with the information “End partial subframe”)
	

	Number of subframes after end of DL transmission 
	Y if the signaling is supported
	Common to all the UEs
	0 or 4
	

	CRS/CSI-RS power
	Y
	Common to all the UEs
	2
	For CSI measurement among DL bursts;
RRC configured power offset 


	Presence of CSI-RS/CSI-IM
	Y if the signaling is supported
	Common to all the UEs
	0 or 1
	Trigger aperiodic CSI-RS/CSI-IM; RRC configured patterns 


	Presence of DRS for EPDCCH/PDSCH rate matching
	Y if the signaling is supported
	UE with PDSCH
	0 or 1
	Prefer Not supported


Note: See Appendix for one example of the details of the number of bits used for the information items. 
It should be noted that even with dynamic signaling, the number of required bits could be decreased further if overhead is seen as an issue, at the cost of slightly less flexibility. 
It is observed that dynamic signaling is needed for both cases, i.e. to UEs with or without PDSCH. 
Observation: The LAA burst information is common to all the UEs in the cell except for the signaling of DRS and EPDCCH/PDSCH rate matching, if supported. 
Proposal 1: The dynamic LAA burst information should at least support the following information:
· 	End subframe type (3bits)
· 	CRS/CSI-RS power within the burst (2bits)
· 	Presence of CSI-RS/CSI-IM (1bit)

The downlink signaling design
In the current LTE downlink scheduling mechanism, the UE monitors a certain number of (E)PDCCH blind decodes, achieved by keeping two DCI format sizes. If the LAA transmission burst information is contained in the (E)PDCCH, it preferable to not increase the number of (E)PDCCH blind decodes. 
Several options are given in the following. 
Option 1: Reuse DCI format 1A for LAA transmission burst information 
Option 1 reuses the existing DCI format 1A for LAA specific transmission burst information. Legacy DCI formats are transmitted for PDSCH scheduling. Some form of indication is contained in DCI format 1A to determine whether it is used for PDSCH scheduling or for LAA transmission information. The number of (E)PDCCH blind decodes is not increased, as DCI format 1A is reused for the LAA burst information, i.e., the DCI size is not changed.
The procedure is:
eNodeB:
· To a UE with PDSCH, transmit a reused DCI format 1A with LAA transmission burst information and transmit legacy DCI formats (1A/X) for PDSCH scheduling.
· To a UE without PDSCH, transmit a reused DCI format 1A with LAA transmission burst information.
UE:
· Decode the reused DCI format 1A for the LAA transmission burst information.
· Decode the legacy DCI format (1A/X) for PDSCH scheduling.

Note DCI format X is related to the configured transmission mode, e.g. DCI format X is DCI format 2C if the transmission mode 9 is configured. See more details in [5]. If the eNodeB schedules PDSCH by DCI format 1A, it would additionally transmit DCI format 1A with LAA transmission burst information. However, due to LBT procedure, fallback to DCI format 1A on LAA SCells may not be as frequent as on licensed cells.   
In order for the reused DCI format 1A to be distinguishable by the UE from the legacy DCI format 1A, some un-used states in DCI format 1A could be used, e.g. 
· 
Flag for format0/format1A differentiation – 1 bit, where value 0 indicates format 0 and value 1 indicates format 1A, set to 1; Localized/Distributed VRB assignment flag – 1 bit set to 1; Resource block assignment and hopping resource allocation – bits set to 1. 
· 
It should be noted that the state { Localized/Distributed VRB assignment flag – 1 bit set to 0; Resource block assignment and hopping resource allocation – bits set to 1} has been used for triggering PRACH. 

It should be noted that in the current DCI format 1A there are no less than 13 bits after the information field “Resource block assignment”  [2], which is sufficient for indicating the LAA burst information. 
Option 1 is therefore to signal LAA transmission burst information by DCI format 1A:
· Carrier indicator – 0 or 3 bits.
· Flag for format0/format1A differentiation – 1 bit, where value 0 indicates format 0 and value 1 indicates format 1A
Format 1A is used for indicating LAA transmission burst information only if format 1A CRC is scrambled with C-RNTI and all the remaining fields are set as follows:
· Localized/Distributed VRB assignment flag – 1 bit is set to ‘1’
· 
Resource block assignment – bits, where all bits shall be set to 1
· LAA transmission burst information  –  up to 13 bits, see details in Appendix
· All the remaining bits are set to zero.
Otherwise, DCI format 1A is used for PDSCH scheduling where
· Localized/Distributed VRB assignment flag – 1 bit
· 
Resource block assignment – bits
· The remaining information fields in the legacy DCI format 1A.
 
The supported number of bits in this option is at least 13.
Option 2: Extend existing DCI formats with LAA burst information 
Option 2 extends existing DCI format 1A/X used for PDSCH scheduling, so that a single extended DCI is used to indicate the LAA specific transmission burst information together with the control information contained in the legacy DCI. Thus the UE monitors 2 DCI formats and there is no increase of blind (E)PDCCH decoding. The procedure is:
eNodeB:
· To a UE with PDSCH, transmit one single extended DCI with LAA transmission burst information and with information for PDSCH scheduling
· To a UE without PDSCH, transmit an extended DCI format 1A only for the LAA transmission burst information 
UE:
· Decode the joint UE-specific DCI
· Determine the LAA transmission burst information 
· Perform PDSCH demodulation if the DCI format contains LAA transmission burst information and information for PDSCH scheduling, 

When the eNodeB is transmitting the extended DCI format to a UE scheduled with PDSCH, the DCI could be either an extended DCI format 1A or an extended DCI format X.
When the eNodeB is transmitting the extended DCI format to a UE without scheduled PDSCH, the DCI format should be an extended DCI format 1A, which is more efficient in terms of signaling overhead.

In order for the extended format 1A used for UE without scheduled PDSCH to be recognizable by the UE, some un-used DCI states could also be utilized, e.g. as the one mentioned in Sec. 3.2 using the state {Localized/Distributed VRB assignment flag – 1 bit set to 1; Resource block assignment and hopping resource allocation – bits set to 1}. 
Option 2 is therefore extending DCI format 1A:
· Carrier indicator – 0 or 3 bits.
· Flag for format0/format1A differentiation – 1 bit, where value 0 indicates format 0 and value 1 indicates format 1A
Format 1A is used for indicating LAA burst control information only if format 1A CRC is scrambled with C-RNTI and all the remaining fields are set as follows:
· Localized/Distributed VRB assignment flag – 1 bit is set to ‘1’
· 
Resource block assignment – bits, where all bits shall be set to 1
· LAA transmission burst information  –  up to 13 bits, see details in Appendix
· All the remaining bits are set to zero.
Otherwise
· Localized/Distributed VRB assignment flag – 1 bit
· 
Resource block assignment – bits
· LAA transmission burst information –  up to 13 bits, see details in Appendix 
· The remaining information fields in the legacy DCI format 1A.

Similarly as in the example above, Option 2 also results in extension of DCI format X, where in the DCI format X the information bits for LAA burst information shall be added to the DCI format X, immediately after the information field “Resource block assignment”. 
The supported number of bits in this option is not restricted.
Option 3: A cell-specific control channel contains LAA transmission burst information  
Option 3 uses a cell-specific control channel to indicate the LAA specific transmission burst information. The procedure is:
eNodeB:
· To a UE with and without PDSCH, transmit a cell-specific control channel to indicate the LAA specific transmission burst information.
· To a UE with PDSCH, transmit a legacy DCI format for PDSCH scheduling. 
UE:
· Decode the cell-specific control channel for the LAA transmission burst information.
· Decode the legacy DCI format for PDSCH scheduling.

Two potential options could be considered to carry LAA transmission burst information by a cell-specific control channel.
· By PHICH resources of LAA Scell.
· By common search space of LAA Pcell or Scell

As summarized in TR36.889, LAA UL HARQ should follow an asynchronous protocol. Accordingly the resources allocated for PHICH can be reused for conveying LAA-specific information. If these information is carried similar as DCI format 1C, the number of blind decodes would be increased. On the other side, to ensure the decoding performance of LAA transmission burst information, the information can be carried by 8 CCEs or 4 CCEs similar as the consideration on the DCI design of the common search space. The total number of REs reserved for PHICH is shown in Table 2 where the normal cyclic prefix is considered. It can be observed that the PHICH resources for 5M and 10M bandwidth are not sufficient to carry LAA burst information by 8 CCEs  (which corresponds to 288 REs), which would degrade the decoding performance of LAA transmission burst information. Furthermore, even if the LAA burst information is considered to be carried by 4 CCEs, the PHICH resources for 5M are also not sufficient. Therefore, reusing PHICH resource to indicate LAA specific information may not be preferable from the aspect of decoding performance.
Table 2. The total number of REs for PHICH
	Ng
	5M
	10M 
	20M 

	1/6
	12
	24
	36

	1/2
	24
	48
	84

	1
	48
	84
	168

	2
	84
	156
	336



Therefore the cell-specific control channel could be a DCI in common search space
DCI in common search space as the cell-specific channel
The LAA burst information can be conveyed in the common search space of the licensed cell. One new RNTI can be introduced to indicate the carried information is LAA-specific. The design for UE to determine eIMTA-uplink/downlink configuration may be a reference for LAA-specific information design, where PDCCHs with the CRC are scrambled by the eIMTA-RNTI and one parameter eimta-ReConfigIndex provided by higher layers is used to determine the index to the UL/DL configuration indication for a serving cell. However since the bit number carried by DCI format 1C or 1A is not large, it will be difficult to carry the LAA burst information up to 31 LAA Scells. 
Alternatively, LAA burst information can be carried by PDCCH resource over the unlicensed cell but with one common RNTI, e.g. LAA-RNTI. Format 1C can be reused to indicate the information. Certainly the number of blind decodes will be increased. However this option can support the transmission of the LAA burst information over up to 31 LAA Scells.
The supported number of bits is the information bits of DCI format 1C when using DCI format 1C in common search space as the cell-specific channel. Currently the information bits of DCI format 1C is 15/13/12 bits when the system bandwidth is 20M/10M/5M respectively, which is sufficient to carry the following indication as mentioned in Proposal 1: End subframe type (3bits), CRS/CSI-RS power within the burst (2bits), Presence of CSI-RS/CSI-IM (1bit).

Summary of the downlink signaling used for the LAA control information 
A comparison of the downlink signaling is given in Table 3.
Table 3. Summary of the downlink signaling used for the LAA control information
	
	Option 1: Reuse DCI format 1A
	Option 2: Extend existing DCI formats
	Option 3: Cell-specific control channel

	Supported number of information bits
	No less than 13
(Close to information bits of DCI format 1A)
	Not restricted
	The total information bits of DCI format 1C, 

	Signaling overhead
	One additional DCI format for each user 
	Several bits (up to 13) added to existing DCI formats for each user
	One DCI format 1C in the common search space, 

	Change on the existing signaling
	New interpretation of the current field
	Several bits (up to 13) added to the legacy DCI
	Support of common search space in Scell 

	Number of Blind decodes
	No Change
	No Change
	Increase of blind decodes



It can be observed that Option 1 causes most signaling overhead, least specification change and a sufficient support of the number of information bits; Option 2 causes medium signaling overhead, increased information bits to the existing DCI formats and a non-restrictive support of the number of information bits; Option 3 causes least signaling overhead at the cost of one DCI in the common search space in Scell and the associated increase of UE blind decodes, 
Proposal 2: Adopt one of the following options for signaling LAA burst information considering the signaling overhead, specification change and the supported number of information bits:
· Reuse DCI format 1A for LAA burst information 
· 
An invalid state { Localized/Distributed VRB assignment flag – 1 bit set to 1; Resource block assignment and hopping resource allocation – bits set to 1} is used to indicate the DCI format 1A usage.
· Extend DCI format for LAA burst information
· 
If DCI format 1A is transmitted to a UE without PDSCH,  an invalid state  { Localized/Distributed VRB assignment flag – 1 bit set to 1; Resource block assignment and hopping resource allocation – bits set to 1} is used to indicate the DCI format 1A usage.
· A cell specific control channel for all the UEs
· DCI format 1C in the common search space of the Scell

Conclusions
The LAA control information is used for PDSCH demodulation, channel measurement and UE complexity reduction/power saving. The concerned signaling items in [1] are useful to UE with PDSCH and without PDSCH. Different signaling options are discussed considering the signaling overhead, specification change and the supported number of information bits. It is proposed:
Observation: The LAA burst information is common to all the UEs in the cell except for the signaling of DRS and EPDCCH/PDSCH rate matching, if supported. 
Proposal 1: The dynamic LAA burst information should at least support the following information:
· 	End subframe type (3bits)
· 	CRS/CSI-RS power within the burst (2bits)
· 	Presence of CSI-RS/CSI-IM (1bit)

Proposal 2: Adopt one of the following options for signaling LAA burst information considering the signaling overhead, specification change and the supported number of information bits:
· Reuse DCI format 1A for LAA burst information 
· 
An invalid state { Localized/Distributed VRB assignment flag – 1 bit set to 1; Resource block assignment and hopping resource allocation – bits set to 1} is used to indicate the DCI format 1A usage.
· Extend DCI format for LAA burst information
· 
If DCI format 1A is transmitted to a UE without PDSCH,  an invalid state  { Localized/Distributed VRB assignment flag – 1 bit set to 1; Resource block assignment and hopping resource allocation – bits set to 1} is used to indicate the DCI format 1A usage.
· A cell specific control channel for all the UEs
· DCI format 1C in the common search space of the Scell, or
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Appendix. Information fields in the LAA burst information

· 1/2 or 4/6 OFDM symbol CRS – 0 or 1 bit
	0
	1/2 OFDM symbol CRS

	1
	4/6 OFDM symbol CRS


Note this information may be not indicated via dynamical signaling.
· End subframe type and Number of expected DL subframes– 3 or 4 bits
	0000
	not the end subframe of the burst, 3 more subframes to monitor

	0001
	not the end subframe of the burst, 2 more subframes to monitor

	0010
	not the end subframe of the burst, 1 more subframe to monitor

	0011
	the end subframe of the burst, DwPTS configuration 1

	0100
	the end subframe of the burst, DwPTS configuration 2

	…
	…

	1000
	the end subframe of the burst, DwPTS configuration 6

	1001
	the end subframe of the burst, full subframe


Note that the number of subframes to monitor and the end subframe configuration could be indicated by one information field. More states can be used if the supported maximum occupancy time is greater than 4 ms. If the indication of the expected DL subframes number is not supported, the information bits for end subframe type can be 3 bits.
· Number of subframes after end of DL transmission during which UE needs not monitor downlink control information and perform CSI measurement if supported– 0 or4 bits
	0000
	0 subframe

	0001
	1 subframe

	…
	…

	1111
	15 subframes


Note that the existence of this field depends on whether this function is supported in this release.
· CRS/CSI-RS power – 2 bits
	00
	+ 0dB compared to RRC indicated power level

	01
	+1dB compared to RRC indicated power level

	10
	+2dB compared to RRC indicated power level

	11
	+3dB compared to RRC indicated power level


Note the offset compared to RRC indicated power level can also be specified by RRC signaling.
· Presence of CSI-RS/CSI-IM – 1 bit
	0
	Present

	1
	Not present


Note whether or not this field exists is related to the decision of aperiodic CSI-RS/CSI-IM
· Presence of DRS for EPDCCH/PDSCH rate matching – 0 or 1 bit
	0
	Present

	1
	Not present


Note whether or not this field exists is related to the decision of multiplexing of PDSCH and DRS in subframe other than subframe #0/5.

The LAA burst information can be indicated using from 6 to 13 bits.

oleObject2.bin

image2.wmf
é

ù

)

2

/

)

1

(

(

log

DL

RB

DL

RB

2

+

N

N


oleObject3.bin

oleObject4.bin

oleObject5.bin

oleObject6.bin

image3.wmf
é

ù

)

2

/

)

1

(

(

log

DL

RB

DL

RB

2

+

N

N


oleObject7.bin

oleObject8.bin

oleObject9.bin

oleObject10.bin

oleObject11.bin

image1.wmf
é

ù

)

2

/

)

1

(

(

log

DL

RB

DL

RB

2

+

N

N


oleObject1.bin

