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1. Introduction

LTE has been designed for operation in licensed bands. In some regulatory domains such as Europe and Japan [2], LBT is required for a system operating in some unlicensed bands of interest to LAA (Licensed-Assisted Access). With LBT, on the downlink there are occasions an eNB’s transmission has to be inhibited due to backoff or detecting an ongoing transmission from another device; that can create uncertainties in the UE behavior and it may lead to detrimental effects to the system performance.  On the uplink, a UE’s transmission can be also inhibited due to LBT. 
In [5], we provided our initial views on CSI feedback and reporting in LAA. In [6]
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 \* MERGEFORMAT [9], we analyze various aspects of LAA design, and provide corresponding design options. In this contribution, we provide further views on CSI feedback and reporting based on the design considerations given in [5].   


2. eNB LBT behavior’s effects on LTE operation
We check the effects of LBT on the downlink operation from CSI measurement/reporting and and PDSCH reception. We assume the UCI for a LAA carrier including CSI feedback and HARQ-ACK for DL transmission is carried over the uplink of a licensed carrier. Further in this contribution we consider a DL only design for LAA.

The following physical channels/signals/resource are defined in the LTE downlink:

1. CRS

2. PSS/SSS

3. PBCH

4. PCFICH

5. PDCCH/EPDCCH
6. PDSCH

7. PHICH

8. CSI-RS

9. CSI-IM
With LBT, at a LAA carrier there is no guarantee that an eNB is able to transmit any signal at a fixed schedule. In a companion contribution [type 1], we give our design on the LAA frame structure. It is important to differentiate 3 types of LAA subframes as shown in figures 1, 2 and 3:
1. Type 1: transmission starting from somewhere after the beginning a subframe to  the end of the subframe;

2. Type 2: transmission starting from the beginning of a subframe to the end of the subframe

3. Type 3: transmission starting from the beginning of a subframe to somewhere before the end of the subframe.
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Figure 1 Type 1 LAA subframe
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Figure 2 Type 2 LAA subframe
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Figure 3 Type 3 LAA subframe
A UE cannot reliably use BCH and SIB messages on the LAA carrier to acquire system information.  We assume a UE acquires the system information concerning the LAA carrier from a licensed carrier. As we focus on the DL only design in this contribution, PHICH is not discussed here.
2.1 CSI measurement and feedback
In [4], it is proposed that only aperiodic CSI feedback is supported for LAA. It is important to note that many issues in the CSI measurement are actually common for both aperiodic feedback and periodic feedback. In the licensed band LTE, both aperiodic and periodic CSI feedback schemes depend on guaranteed periodic resources from eNB for the measurement. 
Depending on the configured transmission mode at a LAA carrier, a UE needs to use CRS (e.g. at transmission mode 4) or NZP CSI-RS and CSI-IM (at transmission mode 10) to derive channel state information.  
At the LAA Ad Hoc meeting, the following agreement was reached:

Agreement:
· Interference measurement for CSI is not allowed outside of the serving cell transmission periods
which is inline with our analysis in [5]. 

In [5], we have analyzed the check a UE needs to perform to secure the proof that eNB actually holds the channel, and the measurement the UE performs is under the condition intended by the network. The check is needed for both the measurement for the desired channel and the measurement of interference; and it is needed for both aperiodic feedback and periodic feedback. 
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. Detection of DRS and the accompanying NIB, further details are provided in  [10].
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. 
At this point, we can further consider the possibility that CSI measurement is only supported on a Type 2 subframe.  Noting CSI refererence signals are not transmitted in DwPTS, one choice is to require CSI measurement can be conducted only on a Type 2 subframe. This is certainly a simple solution yet considering in Japan the maximum transmission duration is limited to 4 ms, the percentage of Type 2 subframes is just 50%, the consequence of  limiting CSI measurement opportunities severely may need further study.
We need also to consider whether CSI measurement should be supported on Type 1 subframe. With 7~9 OFDM symbols in a Type 1 subframe, the DMRS pattern needs to be changed, which may affect whether CSI-RS/CSI-IM can be still transmitted or not, CSI-RS/CSI-IM from CSI reference signal configurations at 1,6,8,12,16 and 17 cannot be used, and of course  those from CSI reference signal configurations at 0,5, 10 and 11 cannot be used either as they are located in the first slot of a subframe. The CSI-RS/CSI-IM from remaining CSI reference signal configurations can still be used. With this example, it is possible to define a rule so CSI-RS/CSI-IM can be still measured in a Type 1 subframe.
A similar analysis can be done for Type 3 subframe. There seems only minor addition work compared to the case with Type 2 subframe  to allow CSI measurements on a Type 3 subframe. We note in [4] it also proposes to allow CSI reference signal configurations in “DwPTS”.  We have
Proposal 2: CSI measurements are allowed on Type 3 subframes. Further study the possibility of CSI measurements on Type 1 subframes. 

[4] has the following two proposals
1. Introduce a CSI-RS periodicity of 2 ms

2. The presence of CSI-RS is indicated by a UL grant triggering an aperiodic CSI report for the indicated SCell

There seem to be two implications:

Aperiodic CSI-RS is used, and the presence of CSI-RS is indicated by UL grant. 

As the presence or absence of CSI-RS affects rate-matching of PDSCH, it seems a UE needs to receive both the DL assignment and the UL grant correctly to determine its DL assignment and whether CSI-RS is present. 
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.



3. 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.
Proposal 2: CSI measurements are allowed on Type 3 subframes. Further study the possibility of CSI measurements on Type 1 subframes. 
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