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1. Introduction

In RAN1 #82bis meeting, there were discussions on CSI measurement in Rel-13 LAA and the following agreements and working assumptions were made:
	Agreements:
· RAN1 recommends signaling parameters describing the potential periodic subframes for NZP CSI-RS and CSI-IM configured for CSI measurement are the same as in Rel-12

· FFS: Aperiodic subframe case

· FFS: DRS occasion overlapping with potential periodic subframe configured for NZP CSI-RS and CSI-IM

· Note that this does not preclude applicability to LAA of any CSI-RS enhancements in other Rel-13 WIs
Agreements:

· 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

Working assumptions:
· 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

· FFS: Whether there is any problem with AGC

· FFS: Whether there is an issue with CSI measurements due to potential mismatch in UE’s measured subframe and eNB’s understanding of the measured subframe

· FFS: How the UE identifies whether subframes belong to the same transmission burst

· Note: The following options and other potential options for such identification are not precluded.

· Such identification is left up to UE implementation.
· Such identification is provided via assistance from the eNB.


In this contribution, we discuss CSI measurement in LAA mainly considering CRS and CSI-RS transmission power (TXP) and the structure of last subframe of a DL TX burst (e.g., DwPTS).
2. Discussion

2.1. CSI measurement considering different CRS and CSI-RS TXP
Considering that the number of carriers, which succeed to have a chance to access channel via LBT, can be smaller than the number of configured carriers, dynamic power allocation was suggested for power sharing between carriers in LAA study item. In this regard, it was agreed as working assumption that UE may assume that the CRS and CSI-RS TXP is constant in a DL TX burst while it should not assume that CRS and CSI-RS TXP is the same across DL TX bursts [1]. It implies that eNB can change CRS and CSI-RS TXP per DL TX burst. However, dynamic power allocation per DL TX burst makes it difficult for eNB to interpret reported CSI from a UE because eNB may not know the UE implementation for CSI measurement (e.g., channel interpolation over multiple subframes) and how UE reflects varying CRS TXP (or CSI-RS TXP) into CSI calculation. To resolve this, three alternatives could be considered as follows.
· Alt 1: UE can perform channel measurement from a single CRS (or CSI-RS) subframe.
· Alt 2: UE can perform channel interpolation across CRS (or CSI-RS) subframes within a DL TX burst.
· Alt 3: UE can perform channel interpolation across CRS (or CSI-RS) subframes having same CRS TXP (or CSI-RS TXP).
Alt 2 and Alt 3 may need explicit signalling from eNB for DL TX burst identification and TXP respectively while Alt 1 may not. In Alt 1, for a CSI report, it is expected that eNB may implicitly know, by a certain rule,  the subframe where UE performs channel measurement using CRS (or CSI-RS) and corresponding CRS TXP (or CSI-RS TXP) at the subframe.
It should be noted that Alt 1 is an expansion of the definition on measurement restriction (MR) which was agreed in Rel-13 FD-MIMO work item [2]. It was shown in [3] that there would be negligible impact on UE throughput even though channel interpolation was not used. In this regard, Alt 1 can be a simple and feasible solution without any explicit signalling while resolving ambiguity on CSI calculation with varying CRS TXP (or CSI-RS TXP). For DL TX burst identification in Alt 2, there was a discussion on dynamic signalling of the number of remaining DL subframes in the ongoing transmission burst. If the remaining DL subframes means “expected” DL subframes to be transmitted, UE cannot use the information for channel interpolation since transmission of the subframes would not be guaranteed. Or if the remaining DL subframes means “guaranteed” DL subframes to be transmitted, UE can use the information for channel interpolation but it may cause scheduling restriction or excessive transmission of dummy signal. Therefore, Alt 3 can be preferred if channel interpolation across CRS (or CSI-RS) subframes is necessary. However, channel interpolation doesn’t seem to be necessary. 
Proposal 1: Considering dynamic TXP per DL TX burst, restricted measurement (e.g., one-shot) within a subframe can be adopted for channel measurement for CSI report in LAA.
For interference measurement, interference averaging would be needed in LAA to alleviate overestimation/underestimation of interference level due to occurrences of very short interference or hidden nodes. However, we are not convinced that it is needed for UE to perform interference averaging across the subframes having same TXP. Anyhow, eNB may not know the actual TXP (of a carrier) which can be different from scheduled TXP due to the results of LBT procedure. Accordingly, interference measurement assuming a specific TXP may not be quite useful.
Proposal 2: It depends on UE implementation how UE performs interference measurement in LAA.
2.2. CSI measurement considering different subframe structure
In RAN1 #82bis meeting, it was agreed that DwPTS structure is adopted for the last subframe of a DL TX burst [1].
	Agreements:
· 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


When a UE performs CSI measurement based on CRS, the available number of CRS symbols can vary subframe by subframe at the UE side. Considering that CRS is transmitted in a whole system bandwidth, a UE may easily detect CRS symbols (e.g., #0, #4, #7, and #11 for CRS port 0) in a subframe and hence the detected CRS symbols can be used for channel and interference measurement. Moreover, since a UE may assume that OFDM symbol #0 containing CRS port 0 (or port 0/1) is transmitted in every subframe as agreed in [1], the UE can use at least CRS in OFDM symbol #0.
Proposal 3: Considering the subframe structure variation, UE can detect CRS symbols in a subframe and use the detected CRS symbols for CRS based channel and interference measurement.
Though only non-MBSFN subframe(s) are considered as valid subframe for CRS based CSI measurement in Rel-12, it can be changed considering that LAA has a large system bandwidth (e.g., ≥ 5 MHz). Therefore it is desirable MBSFN subframe(s) can also be used for CRS based CSI measurement in addition to non-MBSFN subframe in LAA.
Proposal 4: MBSFN subframe(s) can also be used for CRS based CSI measurement in addition to non-MBSFN subframe in LAA.
In Rel-12, UE assumes that CSI-RSs are not transmitted in the special subframe(s) in case of frame structure type 2 [4]. Regarding this, it should be clarified whether a UE can expect the presence of CSI-RS/IM in DwPTS structure in LAA. If a UE cannot expect CSI-RS/IM in DwPTS in LAA, the UE should be able to distinguish between normal subframe and partial subframe (e.g., DwPTS). One possible way is to determine whether a subframe is normal subframe or partial subframe by the OFDM symbols where CRS (port 0) is detected. It is assumed that MBSFN subframe is not set to a partial subframe and is configured by RRC.
Table 1. CRS based blind detection for subframe structure determination

	CRS symbols
	Normal or partial

	{0}

{0, 4}

{0, 4, 7}
	Partial

	{0, 4, 7, 11}
	Normal


Note that some options for DwPTS are excluded in Table 1 to remove ambiguous cases. For example, a UE cannot distinguish between normal subframe and DwPTS with 12 OFDM symbols when CRS symbols are detected in OFDM symbols {0, 4, 7, 11}. To avoid this limitation, eNB may send common signalling (e.g., 1 bits) which indicates a subframe is normal subframe or not. 
Similarly, if a UE can expect CSI-RS/IM in DwPTS in LAA, the above two directions (i.e., CRS based blind detection or common signalling) can be applied with more DwPTS options. For example, a new CSI-RS/IM design can be introduced for DwPTS as discussed in Rel-13 FD-MIMO. Then, by means of CRS based blind detection or common signalling, a UE can identify the subframe structure (e.g., normal subframe or specific DwPTS option) and/or corresponding CSI-RS/IM design.
Observation 1: Considering the subframe structure variation, the following two options can be considered for CSI-RS and/or CSI-IM resource identification.
· Option 1: CRS based blind detection (e.g., via detected CRS symbols)

· Option 2: Common L1 signalling
Especially, for the subframe where aperiodic CSI report is triggered, a UE can assume that there would be CRS/CSI-RS/IM resources in a subframe by a given rule since eNB intentionally triggered aperiodic CSI report at the subframe.
Proposal 5: If aperiodic CSI report is triggered in subframe n, a UE configured with CRS based TM can use CRS in subframe n for channel estimation.

Proposal 6: If aperiodic CSI report is triggered in subframe n, a UE configured with TM9/10 can assume that there is CSI-RS/IM resource in subframe k which is configured with CSI-RS/IM resources for the UE, where subframe k is latest subframe up until subframe n,

Combining proposal 4 and 5 above with restricted channel measurement in proposal 1 in section 2.1, UE doesn’t need to blindly detect CRS/CSI-RS subframe for channel measurement for the aperiodic CSI report. Therefore, two options in observation 1 can be considered only for CSI-IM resource identification for subframe interpolation of interference measurement.
Proposal 7: For aperiodic CSI report, UE doesn’t need to identify CRS/CSI-RS subframes besides CRS/CSI-RS subframe given by relation with the subframe where aperiodic CSI report is triggered.

Proposal 8: Consider the following two options for CSI-IM resource identification.

· Option 1: CRS based blind detection (e.g., detected CRS symbols)

· Option 2: Common L1 signalling
3. Conclusion
In this contribution, we discussed CSI measurement in LAA and the following proposals were made:
Proposal 1: Considering dynamic TXP per DL TX burst, restricted measurement (e.g., one-shot) within a subframe can be adopted for channel measurement for CSI report in LAA.
Proposal 2: It depends on UE implementation how UE performs interference measurement in LAA.
Proposal 3: Considering the subframe structure variation, UE can detect CRS symbols in a subframe and Proposal 4: MBSFN subframe(s) can also be used for CRS based CSI measurement in addition to non-MBSFN subframe in LAA.
Proposal 5: If aperiodic CSI report is triggered in subframe n, a UE configured with CRS based TM can use CRS in subframe n for channel estimation.

Proposal 6: If aperiodic CSI report is triggered in subframe n, a UE configured with TM9/10 can assume that there is CSI-RS/IM resource in subframe k which is configured with CSI-RS/IM resources for the UE, where subframe k is latest subframe up until subframe n,

Proposal 7: For aperiodic CSI report, UE doesn’t need to identify CRS/CSI-RS subframes besides CRS/CSI-RS subframe given by relation with the subframe where aperiodic CSI report is triggered.

Proposal 8: Consider the following two options for CSI-IM resource identification.

· Option 1: CRS based blind detection (e.g., detected CRS symbols)

· Option 2: Common L1 signalling
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