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1 Introduction
In the last meeting, a list of candidates control signalling proposed to be signalled in each subframe was proposed as below,
· 1/2 or 4/6 OFDM symbol CRS

· FFS first partial subframe if supported

· End subframe (partial or regular)

· If end is a partial subframe, signal the structure of partial subframe 

· Number of expected DL subframes (starting from current subframe) in the ongoing transmission burst

· Number of subframes after end of DL transmission during which UE need not monitor downlink control information and perform CSI measurements

· These subframes may be used for UL transmission or any other purposes by the eNB.

· Presence of CSI-RS/CSI-IM

· CRS/CSI-RS power

· Other signaling is not precluded
In this contribution, our views on the need and preferred signaling method are presented.
2 LAA control signalling
2.1 MBSFN subframe
The following options on MBSFN subframe signaling were identified from the email discussion [1].
· 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

MBSFN configuration has been part of SCell RRC configuration since Rel-10. Up to 6 subframes per frame can be configured to be MBSFN subframes. Since PMCH is not expected to be supported for LAA, UEs configured with DM-RS based transmission modes can be scheduled in any subframe, while UEs configured with CRS based transmission modes can only be scheduled in non-MBSFN subframes. The network can configure the number of MBSFN subframes for a LAA SCell according to population of served UE types/categories and their traffics. Adaptation to changing traffics and UE population can be performed via RRC reconfiguration of MBSFN subframes. Scheduler can easily take into account the upcoming subframe type while contending for channel access, such that compatible UEs can be scheduled after gaining channel access. In our view, there is no strong reason/benefit to allow for dynamic MBSFN subframe signaling.
A special case is that a RRC indicated MBSFN subframe may appear like non-MBSFN subframe if DRS is transmitted in the same subframe. This would only occur during DMTC windows and the UE can identify such subframe via DRS detection. For simplicity, if DRS can be multiplexed with PDSCH in subframes other than subframe 0 and 5, UEs configured with CRS based transmission modes does not expect to be scheduled in DL in such a subframe.  

Proposal 1a: Reuse existing RRC configuration for MBSFN subframe signaling.
Proposal 1b: If DRS can be multiplexed with PDSCH in subframes other than subframe 0 and 5, UEs configured with CRS based transmission modes does not expect to be scheduled in subframe with DRS that is also indicated to be MBSFN by RRC.
2.2 End partial subframe
In RAN1#82bis, it was agreed that the last subframe of a DL Tx burst can be DwPTS subframe or a full subframe:
· DL transport block in the last subframe of a DL Tx burst can be transmitted using DwPTS structure, or a full subframe

· FFS how to signal the structure of the last subframe

· FFS whether to define a 13-symbol partial subframe

· FFS whether DwPTS structure with 3 OFDM symbols can be used for the last subframe

· FFS down selection
Furthermore, it was agreed from email discussion that the signaling of the presence of end DL partial subframe is supported with FFS on the signalling method:
Signaling the presence of end DL partial subframes is supported in LAA. 

· FFS: Signaling method and frequency

A clear purpose of such signalling to enable PDSCH and EPDCCH reception with correct number of OFDM symbols. However, the signalling can also serve the following additional purposes, which is independent of whether the UE is scheduled or not by the network in the subframe:
· Determine presence of periodically configured CSI-RS/CSI-IM
· In previous release, CSI-RS/CSI-IM is assumed not present in DwPTS subframes. The same assumption can be made for LAA DwPTS subframes. However, enhancement to allow CSI-RS/CSI-IM configurations for DwPTS can also be considered as has been agreed for FD-MIMO WI [3][4]. 
· Determine the end of current DL transmission burst
· This is beneficial so that the UE may not assume the CRS and CSI-RS EPREs in the next subframe would be the same as those in the DwPTS subframe. 
· Determine the start of UL subframe boundary or UL (E)CCA timing
· UL LBT design may assume FBE-like channel access. For the purpose of UL timing shuffling between different operators, it is beneficial to indicate end DL partial subframe and which DwPTS subframe is used [7].
For the above reason, it would be better to support common signalling rather than UE-specific signalling. To this end, eIMTA common signalling can be retooled for this purpose. Instead of UL-DL config, DCI format 1C scrambled with eIMTA RNTI or a new RNTI can indicate the number of OFDM symbols in the DL, e.g. one value can be indicated from {3, 6, 9, 10, 11, 12, 14}. In order not to overload the control channel of the PCell, the common signalling can be transmitted on the LAA SCell, i.e. CSS is defined for LAA SCell. The common signalling can be transmitted in every subframe. If control signaling overhead reduction is desirable, the signalling may be transmitted in the last subframe of the transmission burst. If the UE detects the transmission burst but does not detect the common signalling, the UE may assume the current subframe is a full subframe.
Proposal 2: The number of OFDM symbols for DL {3, 6, 9, 10, 11, 12, 14} is indicated using DCI format 1C scrambled with eIMTA RNTI or a new RNTI. The common signalling can be transmitted in every subframe. If control signaling overhead reduction is desirable, the signalling may be transmitted in the last subframe of the transmission burst.
2.3 Number of expected DL subframes (from current subframe)
The following options have been identified from the email discussion [1]:

· 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

The purpose of the signaling is to enable the UE to determine subframes belonging to the same transmission burst, so that averaging on CRS/CSI-RS across subframes can be performed. But with potential signaling in every subframe, it is unclear indicating more than one subframe in advance is really needed. Nevertheless, there are several benefits if the UE can know the subframe structure (including the number of DL OFDM symbols) one subframe in advance.

1. For CRS channel estimation purpose, the UE can determine if the next subframe will be available for channel interpolation, rather than having to wait until the detection result of the first OFDM symbol of the next subframe
2. The presence/configuration of CSI-RS/CSI-IM (and potential other physical signals) may depend on the subframe structure as discussed in Sec 2.2. Signaling the subframe structure in subframe n-1 allows the UE to measure CSI in subframe n without the latency of decoding the subframe structure signaling in subframe n.  
Indicating only one subframe in advance also allows scheduling flexibility for the network since the network does not have to commit transmissions too far ahead of time.
Based on the above discussion, we have the following proposal:
Proposal 3: If the current DL subframe is indicated to be 14 OFDM symbols, the number of DL OFDM symbols of the next subframe (including zero, i.e. {0, 3, 6, 9, 10, 11, 12, 14}) is also signaled to the UE.
2.4 Non-DL subframes
For indicating the number of subframes after the end of DL transmission, or the time duration, during which UE need not detect transmission, monitor DCI and perform CSI measurements, it was agreed [1] that such signaling can be considered and it is FFS the candidate signaling methods that may be specified in a potential future WI (as per WID (RP-151045)). 
When UL subframe is introduced in a future release, it would be beneficial for the UE to be aware of the non-DL subframes for the following reasons: UE can avoid the need to blindly detect DL transmission and monitor PDCCH/EPDCCH unnecessarily. This provides UE power savings and minimize false alarm of PDCCH/EPDCCH detection, which is significant particularly for a large number of carriers (up to 31 carriers as per eCA WI).

In our view, the following signaling candidates can be further studied:

a) Indicate the number of non-DL subframes after the end of the DL transmission

· This is the original signaling proposal for the email discussion [1]. It implies that the UE should resume transmission detection after the last indicated non-DL subframes. 
· It has similar issue as the number of expected DL subframe indication in terms of the network scheduling restriction (not possible for the network to override own decision should the need arises).
b) Dynamic “DL activation/deactivation” of LAA SCell

· It affords the network the flexibility to activate/deactivate a LAA DL cell anytime according to need. Note that for UE supporting UL LAA, UL transmission can still occur on a “DL deactivated” SCell. This is different from the conventional SCell activation/deactivation behavior where UL transmission is not allowed on deactivated SCell.
· To support this feature, L1 signaling (e.g. using PDCCH/EPDCCH from the PCell or another serving cell) of the set of carriers that the UE monitors or does not monitor for PDCCH/EPDCCH and/or measuring/reporting CSI can be introduced. To reduce control signaling overhead, the signalling should be a UE-common signaling.
In our view, if signaling of non-DL subframes is introduced, it should also be used to dynamically select/unselect from a potentially large set of LAA carriers that the UE is required to detect transmission, monitor DCI and perform CSI measurements, e.g. based on the state of the backoff counter or interference/energy measurement at the eNB. In this way, the channel access opportunity across carriers for the UE can be maximized, which can significantly increase the UPT for the UE and the overall system throughput. Significant UPT gain has been observed e.g. in [5]. For this reason, the approach with dynamic “DL activation/deactivation” has additional advantage.
Proposal 4: Support indication of non-DL subframes via dynamic DL activation/deactivation signaling of LAA SCell.
2.5 Presence of CSI-RS/CSI-IM
It was agreed in [1] that the signalling of the presence of periodic CSI-RS and CSI-IM is not considered in LAA. But for aperiodic CSI-RS and CSI-IM, signalling can be considered after a decision on the support for aperiodic CSI-RS/CSI-IM. 
In our view, UE blind detection of aperiodic CSI-RS/CSI-IM should be avoided. Due to the low density of CSI-RS, detection reliability can be a concern. Hence, if aperiodic CSI-RS/CSI-IM is supported, its presence should be indicated to the UE. The signaling should be a common signaling since EPDCCH/PDSCH rate matching is impacted (for all TMs). Further discussions can be found in our companion paper [3].  
Proposal 5: If aperiodic CSI-RS/CSI-IM transmission is supported, the presence of aperiodic CSI-RS/CSI-IM is indicated in common signaling.
2.6 CRS/CSI-RS power variation
The following options have been identified from the email discussion [1]:
· 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

In the last meeting, the following working assumption was agreed:

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

Given the working assumption, whether or not signaling to indicate power variation is needed depends on whether the UE is able to identify if subframes belong to the same transmission burst. As mentioned in Sec 2.2 and 2.3, signaling of subframe structure of the current and the next subframe can help the UE in this regard. Hence, we don’t think there is enough justification to introduce this signaling. 
Proposal 6: No signaling is needed to indicate CRS/CSI-RS power variation.
2.7 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

Given that the UE is supposed to blindly detect DRS of a serving cell to maintain sync and perform RRM measurements, we do not find strong motivation to introduce signalling to indicate presence of DRS, although it would add robustness if such signalling is provided to the UE. 

Proposal 7: If DRS can be multiplexed with PDSCH in subframes other than subframe 0 and 5, no signaling is needed to indicate presence of DRS for EPDCCH/PDSCH rate matching and CSI-RS/CSI-IM presence since DRS can be blindly detected by the UE.
3 Conclusions
Introduction of new control signalling means increased implementation complexity and testing for both the network can the UE, therefore should not be introduced without strong justification. Based on our analyses, our views on the LAA control signalling are given below.
Proposal 1a: Reuse existing RRC configuration for MBSFN subframe signaling.
Proposal 1b: If DRS can be multiplexed with PDSCH in subframes other than subframe 0 and 5, UEs configured with CRS based transmission modes does not expect to be scheduled in subframe with DRS that is also indicated to be MBSFN by RRC.
Proposal 2: The number of OFDM symbols for DL {3, 6, 9, 10, 11, 12, 14} is indicated using DCI format 1C scrambled with eIMTA RNTI or a new RNTI. The common signalling can be transmitted in every subframe. If control signaling overhead reduction is desirable, the signalling may be transmitted in the last subframe of the transmission burst.
Proposal 3: If the current DL subframe is indicated to be 14 OFDM symbols, the number of DL OFDM symbols of the next subframe (including zero, i.e. {0, 3, 6, 9, 10, 11, 12, 14}) is also signaled to the UE.
Proposal 4: Support indication of non-DL subframes via dynamic DL activation/deactivation signaling of LAA SCell.

Proposal 5: If aperiodic CSI-RS/CSI-IM transmission is supported, the presence of aperiodic CSI-RS/CSI-IM is indicated in common signaling.
Proposal 6: No signaling is needed to indicate CRS/CSI-RS power variation.
Proposal 7: If DRS can be multiplexed with PDSCH in subframes other than subframe 0 and 5, no signaling is needed to indicate presence of DRS for EPDCCH/PDSCH rate matching and CSI-RS/CSI-IM presence since DRS can be blindly detected by the UE.
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