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1   Introduction
In this contribution, we would like to discuss the impact of LAA on the RAN4 specification of UE demodulation performance requirements. In the Annex we briefly summarize the agreements in RAN1 according to [1]. In Section 2 we analyze the general impact on UE performance requirements. In Section 3, we will discuss the CSI reporting requirements that should be specified in Rel-13.

2   General analysis of LAA on UE performance requirements
In the Annex we briefly summarize the agreements in RAN1 for LAA and analyze the impact on the demodulation performance requirements. In order to improve the capacity the unlicensed spectrum is explored and the access to the unlicensed spectrum should be associated with the licensed spectrum in order to well operate the network. On the unlicensed carriers, according to regulation, the LAA device (BS in Rel-13) should listen to the possible transmission from other devices before transmission. For the transmission, LAA device should not occupy the channel for a long duration and thus the burst transmission is specified.
As given in Annex, there are mainly three new mechanism specified for LAA:
· LBT transmission procedure
· RRM measurement enhancement: single shot cell identification/RSRP measurement and new RSSI measurement

· DL burst transmission after LBT beginning with partial or full subframe and ending with a DwPTS-like subframe.
In Rel-13, only downlink transmission is supported where LBT is used. Thus LBT procedure in Rel-13 applies only to BS. There was channel access procedure requirement specified in TS36.104. So there is no need to specify the LBT requirement for UE. To ensure the performance for RRM measurement enhancement, the new RRM requirements are specified in 36.133. So there is no need to specify RRM requirement for LAA.
Based on the above discussion, only downlink demodulation performance requirement to support DL burst transmission and CSI requirement would be needed. 
Unlike the legacy downlink demodulation performance requirement, to support the burst transmission, UE would need to firstly detect the DL transmission via CRS port 0 (0+1), secondly monitor the common PDCCH DCI in common search space to understand the available OFDM symbols in a subframe, thirdly improve the synchronization for DL, finally conduct the channel estimation based on the available reference signals, and then decode the control channel for DL grant and the associated PDSCH. The frequency and timing synchronization could be maintained by using DRS, and refined during the burst transmission, which would impact the LAA downlink performance and leads to the difference from the legacy demodulation performance requirements where the ideal synchronization is always assumed. Besides, UE may need to detect the existence of burst transmission. The detection algorithm may also impact the final PDSCH performance.
Almost all the transmission modes can be supported for LAA and the legacy MCS/TBS tables are reused. According to the above analysis, we understand that the key purpose for LAA DL burst transmission demodulation performance is to verify the performance of detection of burst transmission, monitoring and decoding common LAA signaling to indicate the available OFDM symbols for type 3 subframes, keeping the good synchronization on LAA CC, and channel estimation and demodulation on both partial and full subframes. By applying the legacy demodulation performance requirement to UE, the performances of control channels including PDCCH and EPDCCH have been extensively verified. And by using PDSCH demodulation performance, the control channel performance can be implicitly verified. So to reduce the test case number, we propose only to introduce PDSCH demodulation performance requirements.
For CSI measurement, the measurement resources are limited to the subframes belonging to one burst transmission. The power of CRS and CSI-RS may vary burst by burst. The cross burst averaging for CSI measurement is not allowed. Besides, the transmission duration for one DL burst is quite limited (e.g., 8ms for LBT priority class 3), and the legacy CSI procedure timing should be followed, which result in around 8ms delay from CSI measurement to CSI utilization by BS. In other words, the CSI measurement and reporting delay is comparable to DL burst duration. Thus it would cause the mismatch between reported CSI and channel conditions when the CRS and CSI-RS power changed burst by burst. And it also causes some difficulty for testing. 
For CSI reporting, the key is to ensure the correct UE behavior for CSI measurement averaging. On the correctly selected subframes belonging to the same burst, the existing algorithms for both wideband and subband CSI can be reused. Those algorithm and implementations have been verified by the legacy requirements. Thus we do not need to duplicate the test for LAA. So we propose to define the limited number of CSI requirements similar to those for FeICIC or eIMTA.
Proposal 1: in Rel-13, introduce the limited number of CSI reporting requirement to verify the correct UE behavior of CSI measurement averaging for LAA.
3   LAA CSI reporting performance requirements
In this contribution, we would like to focus on the LAA CSI reporting requirements. The test purpose is to verify the proper UE behavior and the corresponding performance. Firstly we should not follow CA CQI test where the purpose is to verify whether the separate CSI measurement is conducted per CC. But since the LAA CC cannot work in a standalone mode, the licensed carrier should be configured. Thus the test should be conducted in CA mode and CSI will be feedback via licensed carrier, i.e., PCell.

According to the conclusion in RF session, the new 5GHz Band 46 is specified, and accordingly the following CA combinations are specified in Rel-13: CA_1-46, CA_2-46, CA_3-46, CA_4-46, CA_7-46, CA_41-46, and CA_42-46. In Rel-13 Band 46 only supports 20MHz and for all the combinations the aggregated bandwidth is 20+20MHz. And in the future, there is no need to extend the aggregation bandwidth since the test purpose is different from that for CA, say, 2CC (one licensed carrier + one LAA carrier) would be sufficient for LAA CSI test.
For the antenna configuration, we would like to propose having 1x2 and 1x4 test. For the transmission mode, we propose to use TM1.

 For the detailed test setup we have two options as follows.
3.1   Option 1: CQI definition test with BLER criterion as test metric
The test purpose is similar to FeICIC and eIMTA, where the CQI definition test is specified to fulfill the purpose. We would like to follow the similar way to specify the periodic CQI definition test for LAA.
In order to rule out the bad UE which averages CSI across the multiple burst, the transmit power or interference levels should be vary burst by burst. This is related to burst pattern design. We would like to use the similar approach as that for the UE demodulation performance requirements. We can pre-define 8 types of burst pattern, each with 8 or 9 continuous transmitted subframes and with one of 8 types of partial subframes, i.e., partial 3 OFDM symbols …, and after the previous burst transmission we can randomly decide to chose which burst type out of 8 types. Besides in order to change the SINR burst by burst, we can artificially define two sets of burst transmissions, each with separate interference levels. During the test the SS know which set of burst transmission is used and can evaluate the performance for each set separately.
The test metric in the existing eIMTA CQI test could be used as starting point, including the distribution of reported CQI, BLER criterion. But the test metrics should be applied on two sets of burst transmissions separately. Besides, in order to avoid the mismatch between the reported CQI and the practical channel conditions for a transmission, we would like to limit that SS only calculate the BLER of the subframe #n downlink transmission on the condition that subframe #(n-8) and #n are in the same transmission burst. In order to get a good test, 10ms burst duration could be considered rather than 8ms to obtain more valid subframes for BLER calculation.
3.2   Option 2: CQI distribution test
The alternative way is to only use the CQI distribution as test metric. We still artificially set two sets of burst transmissions, each with separate interference levels. The available SNR on each set is quite different. If UE follows the specification not to average across the bursts, then the final reported CQIs are expected to distribute around two CQI index value, i.e., the pdf of reported CQI distribution would be with two-peak. If UE average the CQI across the bursts, the distribution of reported CQI is expected to be different, i.e., with more peaks.

3.3   Summary
In sum we have two options for CQI test:
Proposal 2: we propose to consider the following two options for LAA CQI test:

· Option 1: define a TM1 1x2/1x4 20MHz(licensed CC)+20MHz(LAA CC) CQI definition test under AWGN with two sets of interference levels and with BLER criterion and CQI distribution with respect to medium CQI as the test metric;
· Option 2: define a TM1 1x2/1x4 20MHz(licensed CC)+20MHz(LAA CC) CQI definition test with two sets of interference levels and with BLER criterion and the reported CQI distribution only as the test metric

In our opinion, we prefer Option 2 due to simplicity. But more simulation analysis would be needed.
4   Conclusions
In this contribution, we discuss the LAA CSI reporting requirements. The proposals are summarized as follows:
Proposal 1: in Rel-13, introduce the limited number of CSI reporting requirement to verify the correct UE behavior of CSI measurement averaging for LAA.
Proposal 2: we propose to consider the following two options for LAA CQI test:

· Option 1: define a TM1 1x2/1x4 20MHz(licensed CC)+20MHz(LAA CC) CQI definition test under AWGN with two sets of interference levels and with BLER criterion and CQI distribution with respect to medium CQI as the test metric;

· Option 2: define a TM1 1x2/1x4 20MHz(licensed CC)+20MHz(LAA CC) CQI definition test with two sets of interference levels and with BLER criterion and the reported CQI distribution only as the test metric
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6   Annex: Summary of RAN1 agreements
In this section, we will briefly summarize the RAN1 agreements for B5C.

	LAA features
	Descriptions
	UE or BS
	New test?
	Analysis

	LBT transmission procedure
	LBT Category 4 operation: LAA BS conducts ECCA with defer time and contention window to detect the occurrence of transmission other LAA/WiFi BS-es according to a given threshold before burst DL transmission. Multi-carriers LBT. Priority classes specified.
	UE
	No
	DL transmission only. BS should follow the procedure.

	
	
	BS
	Yes
	The LBT channel access procedure requirements have 

	RRM measurement enhancement
	Single shot cell identification, single shot RSRP measurement, new RSSI measurement with new side condition
	UE
	No
	RRM requirements have been specified for one shot and multi-shot measurement.

	
	
	BS
	No
	No need to have BS RRM requirement

	DL burst transmission: Type 3 subframe structure
	Burst transmission: after LBT, transmit burst with duration of MCOT beginning with a partial or full subframe and end up with a DwPTS-like subframe. UE is required to detect the transmission and decode the control channel at SF#0 and #7.
CSI measurement: follow the legacy timing for measurement, and the across bursts averaging for CSI is not allowed.
	UE 
	Yes
	Verify the performance of detection of DL transmission and monitoring the control channels. Verify the performance of synchronization, channel estimation and demodulation of burst PDSCH transmission with the partial subframe(s). Verify the proper CSI measurement behaviour and performance. 

	
	
	BS
	No
	No need to have BS requirement.
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