3GPP TSG RAN WG1 Meeting #82bis
        

              R1-155476
Malmö, Sweden, 5th - 9th October 2015
Agenda item:
7.2.3.4
Source: 
Samsung 

Title: 

LAA CSI measurements
Document for:
Discussion and Decision

1 Introduction

In RAN plenary meeting #65, a new SI on Licensed-Assisted Access (LAA) was approved [1]. The outcome of the study is captured in [2]. The study has shown that it is possible to adapt LTE to operate SCells in unlicensed spectrum while coexisting in a fair manner with Wi-Fi as well as with other LAA networks.  In RAN plenary meeting #68, a new WI on LAA was approved and several functionalities are identified to be further studied [3]. CSI measurement and reporting is one of the most important functionalities. In this contribution, we will discuss CSI measurement design while CSI reporting is discussed in the companion contribution [4]. 

2 CSI Measurement Aspects for LAA
In the LAA SI TR, the following design options are captured:
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. 

2.1 CSI-RS measurement and reporting
CSI measurement triggering and reporting conditions may need to be enhanced compared to the existing framework for licensed carriers. For example, the timing of valid subframes containing CSI resources for channel and interference measurements will be relative to the availability of a DL transmission burst subject to LBT. As a result, one approach is for the UE to perform blind detection of the RS to determine whether a subframe is a valid subframe containing CSI resources. For example, as described in the next section, the first subframe of a DL transmission burst can be configured as containing CSI resources and detection of the DRS can be used to confirm that the eNB acquired the channel. 

To reduce the burden at the UE to perform blind detection, explicit L1 signaling can be used to indicate valid CSI resources in a DL transmission burst. The explicit L1 signaling can be used even if periodic CSI resources are configured by high-layer signaling on licensed CC, as a confirmation that the UE should attempt to measure CSI in the configured subframes.
Of course one concern is ambiguity between the eNB and UE on whether a subframe is indeed a valid CSI resource, e.g.  if the eNB does transmit valid CSI signals while the UE has a missed detection event. In that case, the CSI reported may be inaccurate and a CSI ACK/NACK signaling may be introduced as further discussed in [4]. 
Proposal 1: In addition to UE blind detection, explicit L1 signaling can be used to indicate valid CSI resources in a DL transmission burst.
2.2 CSI-RS transmission opportunities
For licensed carriers, CSI reporting is periodic or aperiodic. However for LAA there are unique challenges for the network to acquire timely CSI feedback. For example, the RS utilized for CSI measurement may need to be transmitted with very low density or is transmitted only opportunistically when the eNB successfully acquires the channel satisfy regulatory requirements such as LBT. If the eNB fails to access the channel with sufficient frequency, the reported CQI, especially periodic CQI, could be outdated and not useful for the network. The same also applies for interference measurements. 
One potential enhancement is to extend the function of DRS for CSI measurement. DRS transmissions may be beneficial to provide more frequency CSI measurement opportunities at the UE as shown in Figure 1. 
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Figure 1: Periodic and Aperiodic DRS/CSI-RS occasions
A second potential enhancement is to support aperiodic CSI-RS transmissions with and without concurrent data transmissions. For example, as shown in Figure 1, CRS/CSI-RS could always be transmitted at the start of a DL transmission burst, including the case where PDSCH and the DRS are multiplexed outside of the DMTC. Providing the CRS/CSI-RS in the first subframe provides additional benefits for obtaining time/frequency synchronization on an unlicensed carrier as well as CSI feedback with reduced delay. 
Simulation results are provided in Figure 2 for different combinations of CSI measurement mechanisms in order to assess the relative benefits from a throughput perspective. In addition to the two aperiodic CSI approaches described previously, a baseline approach is simulated where a 5ms periodic measurement is configured (e.g. CSI is reported whenever subframes 0 or 5 correspond to a DL transmission burst). Additionally, an idealized approach where updated CSI is available for every subframe is also provided for comparison. 
In summary, the following CSI schemes are evaluated:

1. 5ms periodic CSI

2. 5ms periodic CSI + CSI measured every successfully transmitted DRS occasion (40ms DMTC, 1 subframe duration, Alt. 2)

3. CSI measured in the 1st subframe of every DL transmission burst

4. 1st subframe + DRS
5. 5ms periodic CSI + 1st subframe + DRS
6. Ideal (every subframe)

Significant benefits are observed for increasing the number of CSI measurement opportunities on the unlicensed carrier, especially in the case of aperiodic opportunities such as measuring CSI in the 1st subframe of a burst and also when CSI measurement is extended to DRS occasions. This because due to LBT, the interval between CSI measurement reports (even when periodically configured) becomes variable and latency can increase with traffic load.
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Figure 2: Comparison of DL UE perceived throughput for different CSI configurations
As discussed in Sec 2.1, explicit indication of the presence of CSI-RS/CSI-IM should be considered in order to reduce the ambiguity between the eNB and UE regarding the availability of valid CSI measurement opportunities. Besides, aperiodic CSI-RS/CSI-IM resource arrangement and the impact of aperiodic CSI-RS/CSI-IM resource on the rate matching of control signaling as well as PDSCH should also be studied.    
Proposal 2: Extending the function of DRS for CSI measurement and aperiodic CSI-RS transmissions with or without concurrent data transmissions should be supported.
3 Conclusions
In this contribution, we discussed the impact of regulatory requirements and desired functionalities for LAA on CSI measurement and feedback. Evaluations were provided in order to understand if potential enhancements are beneficial or required for LAA and to quantify the potential gain. 
The following proposals are made:

Proposal 1: In addition to UE blind detection, explicit L1 signaling can be used to indicate valid CSI resources in a DL transmission burst.
Proposal 2: Extending the function of DRS for CSI measurement and support of aperiodic CSI-RS transmissions with or without concurrent data transmissions should be supported.
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