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1. Introduction
[bookmark: OLE_LINK32][bookmark: OLE_LINK35][bookmark: OLE_LINK20][bookmark: OLE_LINK19][bookmark: OLE_LINK6][bookmark: OLE_LINK7]In this contribution, we start with conclusions achieved in the study item phase [12], and discuss CSI feedback related issues.
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In Section 7.2.1.3 “CSI measurements and reporting”, TR 36.889, the following is captured:
The contention-based channel access mechanisms for Wi-Fi and LAA networks in unlicensed spectrum employing LBT will lead to intermittent transmission bursts alternating with silent periods for nodes in the neighbourhood of a UE. The interference environment at the UE may therefore fluctuate rapidly, and interference measurements performed when the serving cell is silent may not reflect the interference characteristics while the UE is receiving DL transmission from the serving cell. As a result, interference measurements for CSI should not be allowed in time durations when the serving cell is not transmitting.

For the purpose of CSI measurements, if LAA supports CSI measurements on CSI-RS and CSI-IM (or only CSI-RS for TM9), the UE can be informed about the presence of the NZP CSI-RS and CSI-IM in a subframe implicitly or explicitly. This may or may not involve signalling to the UE. Transmission of NZP CSI-RS may be subject to LBT. The following options for the potential subframes carrying NZP CSI-RS and CSI-IM have been identified.
-	The potential subframes may be occurring periodically from a UE perspective
-	The potential subframes may be occurring aperiodically from a UE perspective
-	The potential subframes may exhibit a combination of both of the above properties
It should be noted that the above options being the same or being different for NZP CSI-RS and CSI-IM is not precluded.
For the purpose of CSI measurements, if LAA supports CSI measurements on CRS the following aspects should be considered. Due to contention-based channel access mechanisms in unlicensed spectrum, a UE cannot assume that the CRS is always present. The UE should be informed about the presence of CRS in a subframe implicitly or explicitly. This may or may not involve signalling to the UE. Transmission of CRS may be subject to LBT. 


Here we would like to consider how CSI measurement resources are provided to UEs. In LTE, periodic resources such as CRS/CSI-RS/CSI-IM are provided to UEs. In LAA, the CSI measurement resources can be provided in multiple ways:

1. As pseudo-periodic resource(s);
a. CRS/CSI-RS/CSI-IM are still configured as nominal periodic resources. Their actual transmission/usage is subject to LBT. 
b. CRS/CSI-RS/CSI-IM and/or CRS can be transmitted along with DRS. The detection of DRS and the accompanying NIB (Network Information Block) can indicate the presence of CSI measurement resources. Alternatively connected mode UEs are signaled by eNB on whether there are accompanying CSI measurement resources with the DRS transmission, further details are referred to  [10].
2. As aperiodic resource(s):
a. Aperiodic CSI-RS/CSI-IM can be introduced  in one or more subframes in an eNB’s TXOP, e.g. Type 1 subframe and/or Type 2/3 subframe(s). And their presence can be indicated in the control information embedded in the TXOP.
It seems that pseudo-periodic resources and aperiodic resources can support the need for periodic feedback and aperiodic CSI feedback, one does not have to make a choice between periodic vs aperiodic CSI feedback. We have
Proposal 1: CSI measurement resources can be provided in multiple ways to UEs, such as nominal periodic resources subject to LBT, resources transmitted in DRS occasions, and aperiodic resources.

The check to secure the proof that eNB actually holds the channel can come in three ways:
1. Using CRS to ascertain an eNB holds the channel
a. comparing the instantaneous SINR of CRS/NZP CSI-RS signal(s) against a threshold when measuring the channel response from CRS/NZP CSI-RS for CSI feedback.
b. When measuring interference from CSI-IM, a UE shall ascertain the measurement condition intended by network is met, e.g. comparing the instantaneous SINR of CRS against a threshold.
2. Introduce specification support to indicate the transmission duration in a subframe, for example in a channel in the initial subframe in a DL burst (i.e. Type 1 subframe). In a related analysis, in the context of signaling transmission duration for PDSCH, several options have been proposed in [5] 
a. A  physical channel similar to PCFICH
b. A new DCI format which is used in the common search space of PDCCH
c. A new field in the DL assignment DCI
3. As DRS for LAA will be enhanced to enable one shot detection, is also feasible, detection of DRS and the accompanying NIB.

In [8], analysis is provided on those options (2a/2b2/2c). Here we note it is possible that UEs performing CSI measurements in a subframe are not scheduled with PDSCH in the same subframe. Hence solutions 2a) or 2b) are more suitable for CSI measurement point of view. 
One may be tempted to require CSI measurement can be conducted only in a normal subframe (Type 2 subframe). Yet as a UE does not have a priori information on the type of subframe it receives, some indication on the subframe type is still necessary. One simple way to do that is to indicate the number of OFDM symbols in a subframe. Now we can see from both PDSCH reception and CSI measurement, there is a common requirement on the indication of subframe type and transmission duration. 

 
 

Compared with WiFi, LTE has a whole set of tools to deal with intercell interference, CoMP schemes such as dynamic muting can be found among them. Through careful planning of CSI-IMs, eNB receives CSI reports that can be for the case where interference from the dominant interfering cell is included and for the case where  interference from the dominant interfering cell is not included. In TM10, a UE needs NZP CSI-RS and CSI-IM to derive the CSI. It seems with the proposals from [4], CSI-IM has to be present along with the NZP CSI-RS. Now the quite dynamic presence of CSI-RS can create problems for eNB scheduling to align the CSI-IM (e.g. without frequent communications among cells, the scheduler will be at a loss to know whether the dominant cell is muted or not).

From the above, it seems further study is needed on how aperiodic CSI measurement resources are used, their use cases and limitations.
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3. [bookmark: _Ref129681832]Conclusion
In this contribution, we give our further views on CSI feedback and we have

Proposal 1: CSI measurement resources can be provided in multiple ways to UEs, such as nominal periodic resources subject to LBT, resources transmitted in DRS occasions, and aperiodic resources.
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