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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 UE performance 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.
Proposal 1: in Rel-13, introduce the new PDSCH demodulation performance requirements with LAA downlink burst transmission to verify the performance of DL transmission detection, synchronization, decoding LAA common signaling and UE specific scheduling information, channel estimation and demodulation on partial or full subframes of Type3 subframe structure. 
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.
3   LAA PDSCH performance requirements
In this contribution, we would like to focus on the LAA PDSCH demodulation performance requirements.
3.1   Structure of requirements
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.
Unlicensed spectrum could not be used in a standalone mode in Rel-13. So it would be natural to follow the CA demodulation performance structure to introduce a LAA PDSCH demodulation performance requirement. And the LAA will mostly likely be used together with CA or eCA. Hence we would like to make the performance specification more flexible. It would be reasonable to follow the same per-CC performance approach as what is used for 3DL CA demodulation performance requirements. In the future, the specification could be easily extended if the new supported bandwidth and the CA band combinations with new aggregated bandwidths were introduced.
Proposal 2: in Rel-13, to make the specification more flexible, follow the per-CC approach same as that used for 3DL CA demodulation requirements to specify the LAA PDSCH demodulation performance requirements in CA mode, for which at least a licensed carrier should be configured.
Regarding the applicability, the requirements are only applied to UE supporting Band 46 CA combination, although in principle the demodulation performance requirements should be band-agnostic. The new section or wording should be added to specify the applicability for LAA demodulation performance requirements.
3.2   Test setup
As discussed above, we do not expect too many new demodulation performance requirements to be defined for LAA, because the new test should verify the fundamental change of algorithms and implementations.
For LAA, both CRS based and DMRS based transmission modes are supported, and both PDCCH and EPDCCH DL scheduling can be used. To simplify the tests, we propose to specify one CRS based test with PDCCH DL grant scheduling and one DMRS based test with EPDCCH grant scheduling. For CRS based test, we propose TM3, since the CSI reporting delay will make the reporting out of date and open loop multiplexing would be more robust. For DRMS based test, we propose to use TM9.
Proposal 3: in Rel-13, introduce one TM3 test with PDCCH self-carrier DL scheduling and one TM9 test with EPDCCH self-carrier scheduling.
For the bandwidth, as we discussed above 20+20MHz will be configured in Rel-13, and in the future we should consider more bandwidth, e.g., 10MHz.
For the antenna configuration and correlation matrix, we prefer the simple setup, i.e., 2x2 low and 2x4 low to accommodate the 4Rx UE. For the propagation conditions, for the 5GHz carrier the coverage would be limited compared to 2GHz carrier, and the main use case corresponds to the stationary scenario, and thus we propose to use EVA5 or EPA5 for the test.
For MCS, because LAA operating SNR would be relative good in order to support offload and given that the single shot RRM measurement will be conducted, we propose to consider the higher modulation order like 16QAM 1/2, 64QAM 1/2 as the starting point.
The other issue for LAA demodulation is the impact of synchronization error. Like what we discussed above, UE need to use DRS and reference signals in the burst to keep/improve the frequency and timing synchronization, which is different from the continuous transmission case where UE can use continuous subframes to get excellent synchronization. In the legacy test, we always assume the perfect synchronization. But for LAA burst transmission, we should consider the negative impact of remaining timing error and frequency offset to define the minimum requirements. So at least the TAE and timing error compared to licensed cell should be assumed and for the simulation campaign maybe we should consider the real synchronization algorithm.
The most difficult task for design of the LAA requirement is to develop a transmission model for LAA. According to the RAN1 agreements, there are 7 possible configurations of the available OFDM symbols for the first subframe of a burst: partial 3 OFDM symbols, partial 6 OFDM, partial 9 OFDM, partial 10 OFDM symbols, partial 11 OFDM symbols, partial 12 OFDM symbols, and full (14 OFDM symbols) subframes. Besides, if the transmissions from other devices are sensed in CCA, the LAA BS won’t transmit anything. Correspondingly, there is additional state that 0 OFDM symbols available in a subframe duration, from UE receiver aspects. So we can say that there are 8 possibilities for a UE in the current subframe duration.
The straightforward way to develop the burst transmission pattern is to tightly follow the specification. Firstly one Cat-4 LBT priority class can be chosen and the corresponding parameters like min CW, max CW, n and MCOT, and size of CW. Secondly introduce an additional cell for contention. In that way we can get an explicit model. That method would be complicated. To simplify the model, we would like to consider alternative approach. 
From UE aspects, UE need to monitor whether there is burst transmission on the activated LAA serving cell subframe by subframe according to synchronization obtained via PCell and/or DRS from the LAA SCell. So we can simplify the model by designing a repeated burst transmission pattern. Assume that the transmission duration for a burst is 8ms, i.e., almost 8 or 9 subframes (partial subframe counted as one), 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.
For the test metric, we would like to propose to use 70% relative throughput as a starting point. Because it was agreed that UE determines the TBS size for starting partial subframe in the same way as in full subfarme and each burst pattern will be selected with the equal probability, the maximum throughput for fixed reference channel LAA test could be kept the same for different companies and the relative throughput as test metric would be feasible. And the performance requirement will be verified on LAA Cell.
In Table 1 through Table 4, we provide the example test setup including all the parameters to be considered for TM3 LAA PDSCH test. The setup for TM9 is quite similar except for using EPDCCH for DL self-carrier scheduling. In the requirements, only LAA CC performance will be verified.
In sum, for the test parameters we propose:

Proposal 4: for the test parameters for LAA PDSCH demodulation performance requirements, we propose to consider the following:

· CA bandwidth combinations: 20MHz+20MHz;

· Antenna configurations and correlation matrix: both 2x2 Low and 2x4 Low should be considered;

· Modulation schemes: [16QAM 1/2] for 2x2 case and [64QAM 1/2] for 2x4 case;

· Synchronization: frequency offset and timing error should be set relative to PCell and the practical algorithm for synchronization should be considered;

· Burst transmission pattern should be specified;

· Relative throughput as test metric: 70% TP as starting point.

Table 1: Test Parameters for LAA with Large Delay CDD 

	Parameter
	Unit
	Value

	Downlink power allocation
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	-98

	PDSCH transmission mode
	
	TM3

	DL Burst transmission pattern
	
	Randomly select one of 8 types of burst pattern after the previous burst transmisson (details for the pattern FFS)

	Available OFDM symbols in the first subframe of LAA transmissions
	
	Burst pattern 0: nothing transmitted in the next 8 ms
Burst pattern 1: first subframe with partial 3 OFDM symbol

Burst pattern 2: first subframe with partial 6 OFDM symbol

Burst pattern 3: first subframe with partial 9 OFDM symbol

Burst pattern 4: first subframe with partial 10 OFDM symbol

Burst pattern 5: first subframe with partial 11 OFDM symbol

Burst pattern 6: first subframe with partial 12 OFDM symbol

Burst pattern 7: first subframe is full subframe

	Starting position in the first subframe of LAA transmissions
	
	Burst pattern 0: N/A

Burst pattern 1~6: OFDM symbol #7

Burst pattern 7: OFDM symbol #0

	Duration of burst transmissions
	
	8ms (special configuration needs be considered for Japan regulation)

	Configuration of the last subframe of LAA transmissions
	
	FFS for Burst pattern 0~7

	DL transmission scheduling
	
	PDCCH (self-carrier scheduling)

	Frequency offset relative to PCell
	us
	[30.26] (maximum receiver timing error between CCs)

	Timing error relative to PCell
	Hz
	[750] (consider 2GHz PCell and 5.5GHz LAA Cell and 0.1ppm absolute frequency error)

	Reference receiver algorithm
	
	Practical synchronization algorithm should be considered

	NOTE 1:
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NOTE 2:
PUCCH format 3 is used to feedback ACK/NACK.
NOTE 3:
The same PDSCH transmission mode is applied to each component carrier.
NOTE 4 :
The transmission power across multiple bursts during the test is constant.


Table 2: Single carrier performance for LAA carrier with 2Rx
	Band-width
	MCS and Reference channel
	OCNG pattern
	Propa-gation condition
	Correlation matrix and antenna config.
	Reference value

	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	20MHz
	16QAM 1/2
	OP. 1 FDD
	[EVA5]
	2x2 Low
	[70]
	FFS


Table 3: Single carrier performance for LAA carrier with 4Rx
	Band-width
	Reference channel
	OCNG pattern
	Propa-gation condition
	Correlation matrix and antenna config.
	Reference value

	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	20MHz
	64QAM 1/2
	OP. 1 FDD
	[EVA5]
	2x4 Low
	[70]
	FFS


Table 4: Minimum performance (FRC) based on single carrier performance for CA with 4 DL CCs
	Test num.
	CA Bandwidth combination
	Antenna configuration
	Requirement
	UE category

	
	Licensed CC
	LAA CC
	
	
	

	1
	20MHz
	20MHz
	2x2
	As specified in Table 2 per CC
	FFS

	2
	20MHz
	20MHz
	2x4
	As specified in Table 3 per CC
	FFS

	NOTE 1: 
The applicability is defined in FFS.


4   Conclusions
In this contribution, we discuss the LAA UE demodulation performance requirements. The proposals are summarized as follows:
Proposal 1: in Rel-13, introduce the new PDSCH demodulation performance requirements with LAA downlink burst transmission to verify the performance of DL transmission detection, synchronization, decoding LAA common signaling and UE specific scheduling information, channel estimation and demodulation on partial or full subframes of Type3 subframe structure.
Proposal 2: in Rel-13, to make the specification more flexible, follow the per-CC approach same as that used for 3DL CA demodulation requirements to specify the LAA PDSCH demodulation performance requirements in CA mode, for which at least a licensed carrier should be configured.

Proposal 3: in Rel-13, introduce one TM3 test with PDCCH self-carrier DL scheduling and one TM9 test with EPDCCH self-carrier scheduling.

Proposal 4: for the test parameters for LAA PDSCH demodulation performance requirements, we propose to consider the following:

· CA bandwidth combinations: 20MHz+20MHz;

· Antenna configurations and correlation matrix: both 2x2 Low and 2x4 Low should be considered;

· Modulation schemes: [16QAM 1/2] for 2x2 case and [64QAM 1/2] for 2x4 case;

· Synchronization: frequency offset and timing error should be set relative to PCell and the practical algorithm for synchronization should be considered;

· Burst transmission pattern should be specified;

· Relative throughput as test metric: 70% TP as starting point.

5   Reference

[1]
TS36.211 d.0.0.
[2] TS36.212 d.0.0.

[3] TS36.213 d.0.1.

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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