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1
Introduction
Based on the email discussion [82b-11] after the previous RAN1 meeting, the several PHY layer signalling options were agreed for LAA. In this document, we outline our views on the remaining open issues of the various signalling aspects.
2
Views on PHY layer signalling
2.1
MBSFN vs non-MBSFN subframes
Agreement:

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. 
Proposal:

The set of UEs associated with an LAA eNB at any given moment in time can be classified into the following types.
A. All UEs are configured for CRS based demodulation

B. All UEs are configured for DMRS based demodulation

C. Some UEs are configured for CRS based demodulation while others are configured to use DMRS based demodulation.
While RRC configuration would be sufficient to support scenarios A and B, dynamic choice of MBSFN or non-MBSFN subframes may be needed to support scenario C. To enable reduced signalling in scenarios A and B and to provide flexibility for the eNB in scenario C, we propose that RRC configuration support three modes 
(1) 4/6 symbol CRS in all subframes 
(2) 1/2 symbol CRS in all subframes other than subframe 0 and 5 
(3) MBSFN configuration is indicated dynamically 
In the first two modes, the UE is expected to follow the RRC configuration which improves reliability and reduce UE computation and processing timeline. When the MBSFN configuration is signalled dynamically, the UE is expected to read the MBSFN configuration and determine whether it needs to further process the subframe. When dynamically indicated, the MBSFN configuration can be indicated in several ways. One possibility is to repurpose one of the bits in the PCFICH, while another possibility is to use PHICH resources to transmit a one bit indication. A common PDCCH may also be used for this purpose (in addition to signalling other information). 
2.2
End partial subframe
Agreement:
Signaling the presence of end DL partial subframes is supported in LAA. 

· FFS: Signaling method and frequency

Proposal:

If DL partial subframes are configured by the eNB, the signalling to indicate of the presence of end DL partial subframes should be supported in LAA. The eNB should configure the UEs using RRC signalling to enable the UEs to process end DL partial subframes and to monitor the associated signalling. If the eNB does not plan to use end partial subframes, then by using the RRC configuration, the UE can skip monitoring the physical layer signalling. 
If the partial subframe configuration is indicated only in the actual last subframe of the transmission burst, the UE first has to make a determination of the actual subframe configuration before processing every subframe (as UE does not beforehand if it is partial or full subframe) and this can impact the processing timeline at the UE especially when processing high MCS. Thus, we propose to send this configuration in every subframe of a transmission. 
However, we recognize that the eNB may not have decided on the end partial subframe configuration at the very beginning of the burst. Thus, we propose the following to indicate the configuration using 2 bits which can indicate the following states

A. Bits 00: Configuration is undetermined yet

B. Bits 10: End subframe is full subframe

C. Bits 11: End subframe is partial subframe

In case C, the partial subframe configuration should also be included. To help the UE processing, we propose that the eNB indicate the actual last subframe configuration at least one subframe before the last subframe of the transmission burst. 
2.3
Number of expected DL subframes (starting from the current subframe) in the ongoing transmission burst

Agreement:
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. 
Proposal:

Signalling to a UE the number of remaining DL subframes in the remainder of the transmission burst, enables the UE to determine validity of the rest of the subframes without checking for CRS in symbol 0 thus saving computation at the UE and improving reliability. 
To enable UEs which wake up from DRX to read this signal and also to enable robustness against interference wiping out this signal, we propose that this signal is present in every subframe of the DL transmission burst. Signalling in every subframe allows the eNB to also update (only increase) the duration of time for which it occupies the channel providing additional flexibility at the eNB in case new data arrives during transmission. As this information is not time-critical at the UE for processing that subframe, it can be transmitted over a common PDCCH or over some PHICH resources. 
From a system perspective, this signalling can act as an LAA NAV and signals the amount of time an eNB intends to occupy the channel. From this perspective, such a signalling acts as an enabler to further improve coexistence in the unlicensed spectrum. 

2.4
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:
Agreement:

Signalling the number of subframes after the end of DL transmission, or the time duration, during which the UE need not detect transmission, monitor DCI and perform CSI measurements can be further considered

· FFS candidate signalling methods that may be specified in a potential future WI

Proposal:

Such a signalling can serve several purposes both from a UE and network perspective. Such a signalling can be interpreted as a medium reservation signal and help protect UL transmissions from interferers close to the eNB but who may be far away from the UEs. In addition, it can reduce power consumption at the UE by enabling baseband processing to be shut off for the duration indicated (especially if UE is not scheduled in the UL).
We propose that this signalling be present in every subframe so that any other node which reads this signal can immediately along with the expected number of Dl subframes in Section 2.3 can determine the amount of time an eNB intends to reserve the channel. 

Finally, we propose the identify candidate signalling methods in Rel-13 to enable future compatibility when UL is defined. 

2.5
Presence of periodic CSI-RS/CSI-IM:

Agreement:

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.

Proposal:

First we propose that aperiodic transmission of CSI-RS and CSI-IM resources is not supported in LAA. In this scenario, CRS detection in symbol 0 is sufficient to determine the validity of the DL subframe and hence also determine whether a given subframe has periodic CSI transmission in it. In addition, signalling the number of expected valid DL subframes from the current subframe also improves the robustness of this determination. Hence no additional signalling is needed for periodic CSI-RS and CSI-IM transmissions. Finally, we note that UE can only assume the presence of valid periodic CSI-RS and CSI-IM resources only in the subframes in which CRS and CSI-RS scrambling is consistent with subframe index [1]. 
2.6
Signaling of CRS/CSI-RS power variation

Agreement:
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

Proposal:

As there is no strong benefit to indicating the CRS and CSI-RS power variation in LAA and it imposes several constraints at the eNB so as to quantize the power variation for signalling we propose to not include such a signalling in LAA.

2.7
Presence of DRS for EPDCCH/PDSCH rate matching and CSI-RS/CSI-IM presence

Agreement:

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.

Proposal:
As described in detail in [1], a typical UE implementation is expected to have a data path and a searcher path. While the control and data channels, CSI reference signals etc. are processed by the data path, the searcher is usually designated for the purpose of serving and (especially) neighbour cell measurement. If the UE has to blind detect the presence of DRS, then the UE needs to process the subframe with two possible CRS scrambling sequences (see [1]). Alternatively, the UE has to do the same even if signalling is needed at the UE as the signalling would be decodable most likely only using the CRS.
We thus reiterate the following principles for the interaction of DRS and other physical channels for LAA. 

1. UE is expected to process all physical channels and reference signals only in subframes in which the subframe number is consistent with the scrambling used for the channels.

2. No signalling is needed for the presence of DRS
2.8 
Initial partial subframes

If initial DL partial subframes are used by the eNB, it should configure the UEs using RRC signalling to enable the UEs to process initial DL partial subframes. The potential candidate start positions should be indicated to the UE as part of this signalling. The potential candidate start positions should be compatible with the UE procedure to detect the start of a transmission burst, i.e., detecting CRS transmission in first symbol of the initial partial subframe. 

Thus, we propose the following to indicate the configuration using 1 bits which can indicate the following states

A. Bits 0: Initial partial subframes are not supported by eNB
B. Bits 1: Initial partial subframes are supported by the eNB

In case, initial partial subframes are supported, indicate through RRC configuration the candidate start positions which UE should monitor to detect eNB transmission. 
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