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1   Introduction
In this contribution, we would like to discuss the impact of eLAA on the RAN4 specification of UE and BS 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 and BS performance requirements. In Section 3, we will discuss the UE performance requirements that should be specified in Rel-14.

2   General analysis of eLAA on UE performance requirements
In Rel-13 LAA the DL burst transmission on unlicensed carrier is specified. In Rel-14 eLAA, the UL burst transmission on PUSCH of unlicensed carrier is specified.
As given in Annex, there are mainly the following new mechanisms specified for eLAA:
· New PUSCH structure and Resource allocation: one or more Interlace which is the basic unit of resource allocation and is composed of 10RBs for 20MHz and 10MHz;

This new PUSCH structure and resource allocation can be tested by new PUSCH performance test.
· New UL grant scheduling: flexible scheduling timing between the subframe carrying the UL grant and subframe(s) of the corresponding PUSCH(s), the minimum latency is 4ms, counted from subframe N+4+k, and k is signalled with 4 bits in DCI 0A/4A for single-subframe scheduling with TM1/TM2 for LAA SCell or DCI 0B/4B for maximum N_sf (2~4) consecutive subframes scheduling with TM1/TM2 respectively. 
For this new UL scheduling, we think it can be tested by RAN5 UE functionality testing which can verify the correct scheduling timing and the scheduled number of subframes to be sent to BS. For the test setup,we can consider the multiple consecutive subrfames scheduling by using DCI 0B/4B.
· UL burst transmission after LBT start with DFTS-OFDM symbol 0 or 1 or 25us or 25 us +TA after starting of DFTS-OFDM symbol 0;
The different start positions for UL burst transmission need to be reflected in the test setup.
· Aperiodic SRS transmission with/without PUSCH is supported in eLAA triggered by DL grants; Only wideband SRS transmission in supported in eLAA; SRS, if present in a UL subframe, is transmitted at the end of the subframe and uses the legacy comb structure
No new special transmission scheme and comb structure are defined for eLAA aperiodic SRS transmission, we think that no test is needed.

· Aperiodic CSI trigger and report
It is same with the legacy LTE, no test is needed.
Based on the above discussion, only uplink demodulation performance requirement to support UL burst transmission on PUSCH would be needed. 
For the PUSCH transmission, the key purpose for LAA UL burst transmission demodulation performance is to verify the performance of detection of burst transmission and know the start of symbol position, duration and ending symbol, decoding the new PUSCH resource allocation of interlace.

PUSCH resource allocation and structure:

For the new PUSCH resource allocation structure of interlace, like as stated in section 8.1.4
Uplink resource allocation type 3 of TS 36.213, both contiguous and non-contiguous resource allocation supported by allocating one or more interlaces which is the basic unit of resource allocation and is composed of 10RBs for 20MHz and 10MHz, it is different from the legacy uplink resource allocation type 0, type 1 and type 2.
Uplink resource allocation type 3 is only applicable for a LAA SCell. The resource allocation information for uplink resource allocation type 3 indicates to a scheduled UE a set of allocated resource blocks, 
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 according to Table 8.1.4-1.

Table 8.1.4-1: 
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	0
	0
	{0, 5}

	1
	0
	{0, 1, 5, 6}

	2
	1
	{0, 5}

	3
	1
	{0, 1, 2, 3, 5, 6, 7, 8}

	4
	2
	{0, 5}

	5
	2
	{0, 1, 2, 5, 6, 7}

	6
	3
	{0, 5}

	7
	4
	{0, 5}


To correctly test the new resource decoding, the typical supported bandwidth 20MHz with RBstart = 0 and 
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 = {0, 5} can be selected for the test setup.
For the PUSCH starting position, there are 4 possible positions, as defined in Table 5.3.3.1.1A-1 of TS 36.212
Table 5.3.3.1.1A-1: PUSCH starting position 
	Value
	PUSCH starting position

	00
	symbol 0

	01
	25µs in symbol 0

	10
	(25+TA) µs in symbol 0

	11
	symbol 1


It is different from the legacy PUSCH starting position that always start from symbol 0, to test the BS handling, start from 25us in symbol 0 can be selected in the PUSCH demodulation performance testup.
For the PUSCH ending symbol which is signalled in DCI format 0A/0B/4A/4B – 1 bit, either the last symbol of the subframe or the second to last symbol of the subframe. To test the difference from legacy PUSCH test, value 1 which indicates the second to last symbol of the subframe is preferred in the test setup
Proposal 1: In Rel-14, only introduce the new PUSCH demodulation performance requirements with LAA uplink burst transmission to verify the performance of PUSCH UL transmission detection, with uplink resource allocation type 3 with RBstart = 0 and 
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 = {0, 5} configuration, flexible scheduling for multiple consecutive subframes, starting position at 25us in symbol 0 and the second to last symbol in the ending symbol. 
UL burst transmission model:

For the uplink burst transmission, section 15.2 of TS 36.213 Uplink channel access procedures gives the Type 1 and Type 2 UL LBT, similar with Rel-13 LAA DL burst transmission, RAN4 also should define the corresponding UL burst transmission model to test PUSCH demodulation performance. One option, considering the test simplicity, it is better to separate LAA DL burst transmission and eLAA UL burst transmission test, in the eLAA UL burst transmission, we can consider to use cross-carrier scheduling on UL, i.e. use the UL grant of one licensed cell to schedule LAA SCell PUSCH, then the DL LBT procedure is not needed and UE(TE) only needs to do the normal UL Cat.4 LBT procedure; Another option, considering the UL transmission efficiency, we can combine DL burst transmission and UL burst transmission, eNB performs the normal DL Cat.4 LBT and configure “UL duration 
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” in the DCI, then UE(TE) only needs to perform a 25us CCA to access the channel for transmissions in subframes 
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Proposal 2: Specific UL burst transmission model need to be defined:

Option 1: Use the UL grant of one licensed cell to schedule LAA SCell PUSCH, then the DL LBT procedure is not needed and UE(TE) only needs to do the normal UL Cat.4 LBT procedure for PUSCH transmission as per the received UL grant.
Option 2: Use the existing DL LBT model and configure “UL duration and offset” in the DCI to allow UE to use Channel access Type 2 for UL burst transmission.
10MHz bandwidth support:

As per the eLAA WID RP-161832, “Complete support for 10 MHz system bandwidth as an LAA SCell [RAN4, RAN1]”, also as per Table 5.6A.1-1in the latest TS 36.101 version 14.1.0:
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NOTE 4: 
Restricted to E-UTRA operation when inter-band carrier aggregation is configured. The downlink operating band is paired with the uplink operating band (external) of the carrier aggregation configuration that is supporting the configured Pcell.
10MHz bandwidth is only supported in inter-band CA with at least one licensed PCell, such as:

 3CC: CA_1A-46C; 
4CC: CA_1A-46D, CA_2A-46A-46C, CA_40C-46C; 
5CC: CA_1A-46E, CA_4A-46A-46D, CA_46A-46D-66A. 
How to define performance requirements with LAA 10MHz in those inter-band CA with different CCs and LAA SCell with different number of CCs in contiguous CA mode, maybe only the supported largest number of LAA CCs need to be tested.
Also per the LS[6] from RAN1, currently RAN1 specification does not support 10MHz bandwidth operation yet, at least the unchanged Release 13 LBT procedure.

Proposal 3: It is not necessary to define performance requirements for LAA 10MHz bandwidth.
3   eLAA PUSCH performance requirements
In this contribution, we would like to focus on the eLAA PUSCH demodulation performance requirements.
3.1   Test setup for PUSCH
Bandwidth:

According to the WID RP-161832l, The eLAA WI will complete all the RF requirements related to at least one of the following UL CA combinations for 2DL/2UL [RAN4]: CA_1A-46A, CA_2A-46A, CA_3A-46A, CA_7A-46A, CA_41A-46A, CA_42A-46A, CA_46A-66A, In Rel-14, Band 46 supports both 10MHz and 20MHz, but for those defined 2DL/2UL CA combinations, only 20MHz bandwidth is introduced. As per the principle for BS demodulation test, only the largest bandwidth combination will be tested, so the aggregated bandwidth 20+20MHz should be selected for test.

Antenna:

Following the current legacy PUSCH test, both 1Tx and 2Tx with receiver antenna 2, 4 and 8 are defined, for eLAA test, we can follow the same antenna configuration.

Propagation condition:

For eLAA under 5GHz carrier, maybe the offloading is the main purpose and the coverage would be limited compared to 2GHz carrier, so the main use case corresponds to the stationary scenario, also EPA5 Low is used in the current legacy 1Tx and 2Tx test, thus we propose to use EPA5 for the test.
MCS:

The current PUSCH demodulation test, there are QPSK 1/3, 16QAM 3/4 and 16QAM 5/6 defined for 1Tx and there are QPSK 1/3 and 16QAM 3/4 defined for 2Tx. We can choose 16QAM 3/4 and 16QAM 5/6 for eLAA PUSCH demodulation test for both 1Tx and 2Tx.
Test metric:

There are 30% maximum throughput for low SNR and 70% for higher SNR, considering LAA operating SNR would be relative good in order to support offloading, we prefer to use 70% relative throughput.

In Table 1 through Table 4, we provide the example test setup including all the parameters to be considered for eLAA PUSCH test.
In sum, for the test parameters we propose:

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

· CA bandwidth combinations: 20MHz;

· Antenna configurations and correlation matrix: 1Tx and 2Tx with the number of Rx antenna 2, 4 and 8;

· Modulation schemes: 16QAM 3/4 and 16QAM 5/6 for eLAA PUSCH demodulation test for both 1Tx and 2Tx;

· Relative throughput as test metric: 70% TP.

Table 1: Test Parameters for LAA with Large Delay CDD 

	Parameter
	Value

	Maximum number of HARQ transmissions
	4

	RV sequence
	0,1,2 or 3 for DCI format 0A/4A, 0 or 2 for DCI format 0B/4B


Table 2 Minimum requirements for PUSCH, 20 MHz Channel Bandwidth, 1Tx

	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix 

(Annex B)
	FRC
(Annex A)
	Fraction of  maximum throughput
	SNR

[dB]

	1
	2
	Normal
	EPA 5Hz Low
	TBD
	70%
	TBD

	
	
	
	
	TBD
	70%
	TBD

	
	4
	Normal
	EPA 5Hz Low
	TBD
	70%
	TBD

	
	
	
	
	TBD
	70%
	TBD

	
	8
	Normal
	EPA 5Hz Low
	TBD
	70%
	TBD

	
	
	
	
	TBD
	70%
	TBD


Table 3 Minimum requirements for PUSCH, 20 MHz Channel Bandwidth, 2Tx

	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix 

(Annex B)
	FRC
(Annex A)
	Fraction of  maximum throughput
	SNR

[dB]

	2
	2
	Normal
	EPA 5Hz Low
	TBD
	70%
	TBD

	
	
	
	
	TBD
	70%
	TBD

	
	4
	Normal
	EPA 5Hz Low
	TBD
	70%
	TBD

	
	
	
	
	TBD
	70%
	TBD

	
	8
	Normal
	EPA 5Hz Low
	TBD
	70%
	TBD

	
	
	
	
	TBD
	70%
	TBD


4   Conclusions
In this contribution, we discuss the eLAA BS demodulation performance requirements. The proposals are summarized as follows:
Proposal 1: In Rel-14, only introduce the new PUSCH demodulation performance requirements with LAA uplink burst transmission to verify the performance of PUSCH UL transmission detection, with uplink resource allocation type 3 with RBstart = 0 and 
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 = {0, 5} configuration, flexible scheduling for multiple consecutive subframes, starting position at 25us in symbol 0 and the second to last symbol in the ending symbol. 
Proposal 2: Specific UL burst transmission model need to be defined:

Option 1: Use the UL grant of one licensed cell to schedule LAA SCell PUSCH, then the DL LBT procedure is not needed and UE(TE) only needs to do the normal UL Cat.4 LBT procedure for PUSCH transmission as per the received UL grant.

Option 2: Use the existing DL LBT model and configure “UL duration and offset” in the DCI to allow UE to use Channel access Type 2 for UL burst transmission.
Proposal 3: It is not necessary to define performance requirements for LAA 10MHz bandwidth.
Proposal 4: For the test parameters for eLAA PUSCH demodulation performance requirements, we propose to consider the following:

· CA bandwidth combinations: 20MHz;

· Antenna configurations and correlation matrix: 1Tx and 2Tx with the number of Rx antenna 2, 4 and 8;

· Modulation schemes: 16QAM 3/4 and 16QAM 5/6 for eLAA PUSCH demodulation test for both 1Tx and 2Tx;

· Relative throughput as test metric: 70% TP.
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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

	Resource Allocation and PUSCH structure
	one interlace is the basic unit of resource allocation, which is composed of 10RBs for 20MHz and 10MHz. A UE can be assigned one or more interlaces (except 7)which is contiguous and indicated by 6 bits RA in field in DCI 0A/4A/0B/4B and also agreed additional code points which is non-contiguous;
the UL DMRS for eLAA is same with legacy UL DMRS;


	UE
	No
	This is UL transmission

	
	
	BS
	Yes
	New PUSCH performance test to support the new resource allocation structure

	Scheduling and HARQ
	flexible timing between the subframe carrying the UL grant and subframe(s) of the corresponding PUSCH(s), the minimum latency is 4ms, counted from subframe N+4+k, and k is signalled with 4 bits;
1: DCI 0B (TM1)and DCI 4B(TM2) can schedule PUSCH transmission in maximum N_sf (2~4) consecutive subframes;

2: Maximum number of uplink grants to be transmitted for a single UE in a subframe is 4; DCI 0A/4A supports PUSCH single-subframe scheduling with TM1/TM2 for LAA SCell;

3: Transmission on UL is allowed to start at the following times in a UL subframe:
· Start of DFTS-OFDM symbol 0

· Start of DFTS-OFDM symbol 1

· 25 us after start of DFTS-OFDM symbol 0

· 25 us + TA value after start of DFTS-OFDM symbol 0
and can transmit up to OFDM symbol 13 or 12;

4：Rel-14 eLAA UE is required to decode UL grant PDCCHs as well as the common PDCCH in the ending partial subframe even if the number of occupied OFDM symbols for the ending partial subframe is not indicated from the previous subframe;
C-PDCCH indicates a pair of values (UL burst duration, offset)
	UE
	NO
	New flexible timing scheduling for single or multiple subframes scheduling can be tested by RAN5 functionality test.

	
	
	BS
	Yes
	PUSCH can transmit from other start position other than symbol 0 in UL burst transmission

	SRS design
	Aperiodic SRS transmission with/without PUSCH is supported in eLAA triggered by DL grants;
Only wideband SRS transmission in supported in eLAA;

SRS, if present in a UL subframe, is transmitted at the end of the subframe and uses the legacy comb structure;
When SRS without PUSCH is transmitted in DL ending partial subframes, UE transmits SRS in symbol 13;

For SRS triggered with DCI format 4B, the SRS subframe location is determined relative/as an offset n to the first subframe of the multi-subframe scheduling burst according to

n = mod (x, N)
where x is the value of the SRS subframe indication in the SRS parameter set configuration (x({0,1,2,3}) and N is the number of scheduled UL subframes.


	UE
	No
	No new functionality compared to legacy

	
	
	BS
	No
	Same with legacy aperiodic SRS transmission

	aperiodic CSI trigger  and report 
	· An aperiodic CSI report without UL-SCH is triggered when the UE receives DCI formats 0A/0B with MCS 29 and an aperiodic CSI trigger

· An aperiodic CSI report without UL-SCH is triggered when the UE receives DCI formats 4A/4B with MCS 29 for both TBs and an aperiodic CSI trigger

· UE is not expected to receive an aperiodic CSI only request if more than one subframe is scheduled with DCI formats 0B/4B

· When CSI report is triggered using DCI 0A/4A/0B/4B, the reference subframe is the last valid subframe with reference to the subframe in which the CSI report is transmitted


	UE 
	No
	Same with the existing CSI test

	
	
	BS
	No
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