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1   Introduction
In this document, we discuss the following aspects for LAA downlink. 

· Options for transmission of downlink subframes including partial subframes for LAA
· Transmissions schemes
2   Discussion
2.1 Partial subframes

LBT schemes can be classified into various categories based on contention window size. Example schemes include 802.11 DCF, and those described in EN BRAN documents and SI conclusion (i.e. Category 4 LBT). Each LBT scheme is slightly different than the other e.g. in slot size, backoff, and channel occupancy, etc.  

For LAA, Pcell is on a licensed carrier, and the unlicensed carrier is configured as a Scell. For downlink transmissions to a UE on the unlicensed carrier (Scell), an eNB has to perform LBT. An eNB may acquire the channel at an arbitrary time relative to the LTE subframe boundary because of random backoff within the contention window and its choice of the LBT parameters. Due to channel occupancy rules, the eNB may also have to release the channel at an arbitrary time relative to the LTE subframe boundary. 

Figure 1 shows an example illustration of several options for an eNB acquiring and releasing the channel. 

· A channel occupancy time of 4ms is assumed and the figure illustrates three successive channel releases by the eNB (to meet the channel occupancy requirements) for each case. 

· For case A, UE assumes that eNB transmissions can include a downlink transmission that is shortened in the front or in the back portion of a subframe, in addition to regular downlink subframes.

·  For case B, UE assumes that eNB transmissions can only include a downlink transmission that is shortened in the back portion of a subframe, in addition to regular downlink subframes.

· For case C, UE assumes that eNB transmissions can only include a downlink transmission that is shortened in the front portion of a subframe, in addition to regular downlink subframes.

· For all the cases, if the eNB acquires the channel in middle of a LTE symbol (OFDM symbol), it may have to transmit a reservation signal to hold the channel until at least the next LTE symbol boundary, from where it can transmit downlink LTE signals/channels. In our view, the transmission of reservation signal from eNB is an implementation issue that need not be handled in RAN1 specifications. 
While shortened transmission in subframes can be beneficial, it is useful to investigate the impact of shortening on LTE physical signals/channels. For instance, if it leaves only one or two useful OFDM symbols in a subframe, it might not be useful at all (no PDSCH/EPDCCH can be sent in that subframe). In this case, if eNB wants to hold the channel, it may transmit reservation signal until the next LTE subframe boundary. 
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Figure 1. Illustration of front and back-shortened transmission in subframes for LTE operation on unlicensed carrier.
To enable efficient usage of resources, supporting both back and front shortening of a DL subframe may be desirable. Also, there will be subframes with no shortening (i.e., regular subframes). For the most generic case, i.e., case A, from a UE perspective, for each subframe, the UE has to determine whether there is shortening and if so, which type. This will increase the UE complexity. Therefore, it is desirable to minimize the number of UE hypotheses of the shortened portion within the subframe. 

As illustrated in Figure 1, it is possible for an eNB implementation to adjust its downlink transmission burst such that it contains only regular downlink subframes (i.e. no shortening) and subframes with only one type of shortening (either front or back). The type of shortening that a UE is expected to receive can be configured via higher layers. Similarly the possible starting/ending symbol(s) for data/control can be configured by higher layers. To reduce UE complexity (e.g. if UE has to blindly detect the amount of shortening), at least it is preferable to not shorten a downlink subframe in both front and back simultaneously. DwPTS can be considered as one example of back-shortening in a DL subframe. 
Proposal 1: LAA PDSCH transmission is supported for DL subframe with no shortening, front-shortening in a DL subframe, and back-shortening in a DL subframe.
Proposal 2: Higher layers configure the type(s) of shortening in a DL subframe that a UE is expected to receive.
In the following, we discuss the potential specification implications of front and back shortened transmissions in a subframe on the downlink.

2.1.1 Back-shortening in a subframe

When the back portion of a downlink transmission in a subframe is shortened,

· Assuming that the transmission duration matches the existing DwPTS durations (i.e., 3,6,9,10,11,12 OFDM symbols), 

· The last 2,3,4,5,8, or 11 symbols of the subframe can be used for LBT operation

· All downlink transmission modes (TM1-10) can be supported in the subframe using RS structures already defined for DwPTS

· Both PDCCH and EPDCCH can be supported without significant specification changes

· For demodulating PDCCH, the UE will have to use only the CRS present in that subframe. This will result in some performance degradation compared to Rel8/9/10/11/12, but as discussed in [3] (some results copied in Annex A for convenience) the performance is still good (e.g. better than EPDCCH at same aggregation level)

· For demodulating EPDCCH, the UE will have to use modified DMRS patterns (i.e., DMRS patterns used for special subframes for frame structure type 2), and performance of EPDCCH will be similar to that of EPDCCH received in DwPTS

· For values other than existing DwPTS durations (e.g. more than 11 symbols used for LBT), it is preferable to skip the subframe (unless new CRS/DMRS patterns and/or new DwPTS-like durations are introduced).

2.1.2 Front-shortening in a subframe

When the front portion of a downlink transmission in a subframe is shortened,

· Assuming that the first 1,2 or 3 symbols are used for LBT operation

·  TM10 (with EPDCCH based scheduling) can be supported with almost no specification changes 

· Up to first 5 symbols can be used for LBT assuming the existing DMRS patterns.

· TM1-9 can be supported with some specification changes (i.e., UE has to assume that CRS is not present in the first few symbols, and may require support of multiple EPDCCH starting symbols)

· PDCCH cannot be supported (unless specification changes are introduced to move the PDCCH to latter symbols e.g. PDCCH starts at the beginning of the second slot)

· For other values of front-shortened transmissions (e.g. more than 5 symbols used for LBT), it may be preferable to skip the subframe (unless new DMRS patterns are introduced).

The above shows that while front shortening is more suited for TM9/10/EPDCCH (or DMRS-based transmission schemes), back-shortening can be advantageous for CRS-based transmissions schemes (and PDCCH). 
2.2 Transmission Schemes
In the study item, the following was identified for PDSCH transmission schemes.
LTE supports a large variety of transmission schemes on the downlink for PDSCH. These transmission schemes are grouped together to form transmission modes. Some of the transmission schemes base their demodulation on the CRS and some base their demodulation on the DMRS. If CRS is present in an LAA SCell, it is further observed that the UE cannot assume their presence in every subframe, as can currently be assumed for LTE. The effect of this on demodulation and CSI measurements may require further consideration. In light of this, the following high level options for transmission modes have been identified.

-
LAA supports DMRS-based demodulation and CRS-based demodulation for PDSCH

-
LAA supports only DMRS-based demodulation for PDSCH
In LAA, a UE cannot assume the presence of CRS in every subframe, and that can affect any functionality which depends on CRS. CRS-dependent functionality includes potentially all transmission modes and control channels. For CRS-based transmission schemes, it applies to both PDSCH demodulation and CSI measurements. For CSI measurement, as noted during the SI, due to LBT, the reference signals for CSI measurement are likely aperiodically transmitted even if the potential subframe for CRS/CSI-RS/CSI-IM occur periodically. Thus, the CSI measurement aspects are similar with both CRS and DMRS based transmission schemes. Moreover, using reduced CRS (or only a portion of transmitted CRS) for feedback is known from Rel-10 EICIC. Intra-subframe CRS channel estimation [4] can be used for PDSCH demodulation similar to DMRS based PDSCH demodulation. It is further noted that even for DMRS-based PDSCH demodulation (i.e. TM10), CRS presence is utilized for fine-time frequency tracking, as well as for QCL assumption (per current RAN4 test case). 
From a deployment perspective, even now, there seems to be significant interest in CRS-based transmission schemes as evident by the request from RAN#68 (June 2015) in [5] to include support of rank-3/4 for CRS-based TMs (3 and 4) for additional UE categories, even though those UE categories support rank-3/4 for DMRS (TM9/10).  

Thus, there is no strong motivation to rule out CRS-based demodulation for PDSCH for LAA, keeping in mind that both EPDCCH/TM10 are optional features that are yet to be deployed commercially. While it is possible that DMRS-based transmission schemes are used more in the future, the flexibility to leverage existing framework for LTE (both CRS and non-CRS based) should not be lost at this early stage of LAA. Given the above, our view is to support transmission schemes based on both CRS and DMRS transmission schemes unless there is significant additional complexity in supporting CRS-based transmission schemes.
Proposal 3: LAA supports DMRS-based demodulation and CRS-based demodulation for PDSCH.

3    Conclusions

For transmission in partial subframes, the following observations are made. 
Observation 1: For back-shortened transmissions in a downlink subframe, assuming that the transmission duration matches the existing DwPTS durations (i.e., 3,6,9,10,11,12 OFDM symbols), 

· The last 2,3,4,5,8, or 11 symbols of the subframe can be used for LBT operation

· All downlink transmission modes (TM1-10) can be supported in the subframe using RS structures already defined for DwPTS

· Both PDCCH and EPDCCH can be supported without significant specification changes

Observation 2: For front-shortened transmissions in a downlink subframe, assuming that the first 1, 2 or 3 symbols are used for LBT operation,

· TM10 (with EPDCCH based scheduling) can be supported with almost no specification changes 

· TM1-9 can be supported with some specification changes (i.e., UE has to assume that CRS is not present in the first few symbols, and may require support of multiple EPDCCH starting symbols)

· PDCCH cannot be supported (unless specification changes are introduced to move the PDCCH to latter symbols e.g. PDCCH starts at the beginning of the second slot)

We propose the following. 

Proposal 1: LAA PDSCH transmission is supported for DL subframe with no shortening, front-shortening in a DL subframe, and back-shortening in a DL subframe.
Proposal 2: Higher layers configure the type(s) of shortening in a DL subframe that a UE is expected to receive.
Proposal 3: LAA supports DMRS-based demodulation and CRS-based demodulation for PDSCH.
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Annex A (PDCCH vs EPDCCH comparison from [3])

Figure below compares the performance of distributed EPDCCH with random precoding with legacy PDCCH for different aggregation levels for 43bits DCI format 0/1A. For legacy PDCCH, the same structure as in Rel-8 is assumed (with 4 port CRS) and CRS only in the control region is used for demodulating the PDCCH thereby corresponding to the lower CRS overhead mode associated with MBSFN subframe configuration. The PDCCH performance can also be considered to represent what can be achieved by blanking some of the subframes as with using cell dormancy.  
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Figure 1: CSS: Legacy PDCCH v/s Distributed EPDCCH (random precoding), (E)CCE =  36REs, 4x2 FSTD, ETU5.

Table 1 summarizes the legacy PDCCH and distributed EPDCCH performance for DCI payload size of 43bits (0/1A) with 4/8 aggregation levels for PDCCH and 4/8/16 aggregation levels for EPDCCH at 1% BLER.

Table 1. Legacy PDCCH and distributed EPDCCH performance for DCI 0/1A (43 bits).

	Aggregation Level
	SINR requirement for 1% BLER (dB)

	
	Legacy 
PDCCH
	Distributed EPDCCH (random precoding)

	4
	-4.1
	-2.3

	8
	-6.6
	-4.4

	16
	--
	-6.5
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