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1 Introduction

As part of the generic work on LAA RRM tests, it is necessary to develop reference measurement channel(s) and LBT model to be used in the tests. In this paper we discuss the main characteristics of the RMC 
2 Discussion
For cells operating with frame structure 3 (FS3) in LAA testing, it is first necessary to identify the main differences between other RMC which have been already used, for example, for FDD and TDD RRM testing and for release 12 DRS testing. In principle the RMC for LAA testing should as much as possible reuse similar structure as other RMC.
Some of the key differences that have been identified include
· Possible transmission of fewer than 14 symbols in a subframe due to LBT operation

· The need for a DRS signal to be included to allow UE to make measurements

· Configuration of one or two symbol CRS structure by higher layer signalling. When one or two symbol CRS is configured only one or two CRS symbols will be transmitted in the available subframe. One or two symbol CRS structure may be configured only for DMRS based transmission modes.

· Release 13 LAA involves only downlink signals

· No PBCH is transmitted on an LAA SCell.

Otherwise it is clearly beneficial to reuse as much as possible from the framework of existing reference measurement channels. Some of the other aspects specified in the RMC include

· Transmission BW of the LAA cell

· Channel bandwidth

· Number of transmitter antennas

· Allocated resource blocks

· Allocated subframes per Radio Frame

· Modulation

· Target Coding Rate

· Information Bit Payload per subframe
· Number of Code Blocks per Sub-Frame

· Binary Channel Bits Per Sub-Frame

· Max. Throughput averaged over 1 frame

Considering first the main differences the following proposals may be considered:

Possible transmission of fewer than 14 symbols in a subframe due to LBT operation

Information about possible subframe occupation is indicated to the UE using the DCI field SubframeConfigurationforLAA . The following values are defined in TS36.213:
Table 13A-1: Subframe configuration for LAA in current and next subframe
	Value of 
‘Subframe configuration for LAA’ field in current subframe
	Configuration of occupied OFDM symbols

(current subframe, next subframe)

	0000
	(-,14)

	0001
	(-,12)

	0010
	(-,11)

	0011
	(-,10)

	0100
	(-,9)

	0101
	(-,6)

	0110
	(-,3)

	0111
	(14,*)

	1000
	(12,-)

	1001
	(11,-)

	1010
	(10,-)

	1011
	(9,-)

	1100
	(6,-)

	1101
	(3,-)

	1110
	reserved

	1111
	reserved

	NOTE:

· (-, Y) means UE may assume the first Y symbols are occupied in next subframe and other symbols in the next subframe are not occupied.


· (X,-) means UE may assume the first X symbols are occupied in current subframe and other symbols in the current subframe are not occupied.


· (X,*) means UE may assume the first X symbols are occupied in current subframe, and at least the first OFDM symbol of the next subframe is not occupied.


Since the purpose of RRM testing is to verify that the UE can make measurements (which will be based on DRS), the test purpose does not need to include partially occupied subframes. This will significantly simplify the RMC design and reduce the coupling between LBT modelling and RMC, since a subframe can include a constant number of binary (and information) bits if partial subframes due to LBT are not considered. To minimise differences from existing RMC, the RMC for LAA RRM tests may use Subframe configuration for LAA=0111 when continuing to transmit in the next subframe, and transmit a complete subframe, and Subframe configuration for LAA=1000 when stopping transmissions and also leave the subsequent subframe completely empty.

In addition there is a higher layer parameter subframeStartPosition  which indicates possible starting positions of transmission in the first subframe of the DL transmission burst, see TS 36.211 [21].Value s0 means the starting position is subframe boundary, s07 means the starting position is either subframe boundary or slot boundary.  Value s0 may be used to align starting positions to the start of subframes

Proposal 1 : Partially occupied subframes do not need to be used in the RRM reference measurement channels and the LBT model applies to complete subframes
Proposal 2 : subframeStartPosition=s0 is used in RRM tests

DRS configuration
A periodic DRS (subject to LBT) is necessary for serving SCell and any neighbouring LAA cells that are configured for RRM as this is needed for measurement. It is also necessary to configure the DMTC in the UE under test so that the DRS falls within the DMTC window, so DMTC parameters need to be specified. However, our assumption is that DMTC parameters are specified as part of the test cases rather than the RMC definition. RAN1 informed RAN4 of the agreements on DRS in [1]. 
	Agreements:
· The signals comprising the LAA DRS are the same as symbols 0-11 of the Rel-12 DRS for FDD (LAA assumes normal CP)

· DRS occasion duration is 12 symbols

· NZP-CSI-RS of the Rel-12 DRS can be transmitted in symbols #9 and #10, if configured




Since the LAA DRS is the same signal as symbols 0-11 of the release 12 DRS for FDD, it implies that for DRS configuration the same approach as release 12 could be used. When checking the release 12 DRS based measurement tests, all tests reused existing RMCs, but nevertheless it is implicit that the DRS must be transmitted instead of regular RMC subframes for the tests to work. DMTC periodicity in the release 12 tests is 160ms, and our preference is that the same periodicity is used for LAA testing.
Proposal 3 : The RMC implicitly includes a DRS transmission (when allowed by LBT model) consistent with a DMTC periodicity specified in the test cases
Configuration of one or two symbol CRS structure by higher layer signalling

We propose that the legacy CRS structure is used, which allows for both CRS and DMRS based transmission modes to be used (the expectation anyway being that CRS transmission modes are used in RRM tests to signal downlink data to the UE, as the test purpose is not to verify DMRS based transmission).
Proposal 4 : laa-SCellSubframeConfig=00000000 is used configuring all subframes to have non MBSFN CRS structure

Another aspect is that for non DRS subframes, PSS and SSS (and CRS) are always transmitted in subframe 0 and 5 when these subframes are transmitted by the eNB, according to the agreements in [1]
	Agreements:
· Every subframe 0 and 5, when transmitted by the eNB, should contain Rel-12 PSS/SSS/CRS where PSS/SSS/CRS in the LAA DRS is a subset of these signals.

· Number of CRS ports should be the same or higher than the number of CRS ports in the DRS.

· FFS: Partial TTI in SF0 and SF5

· FFS: Changes to scrambling for SSS/CRS 

· Note: A UE is only expected to detect and measure cells transmitting DRS during the configured DRS DMTC window (from RAN2 agreements)




When proposals 1-4 are considered, it can be seen that there are only small differences between an LAA configuration and a legacy configuration
· The LBT model may prevent transmission of some subframes. We consider LBT modelling separately, and it should be specified that the LBT takes priority over the PDSCH RMC model.
· DRS transmission needs to occur at a chosen position in the DMTC window, and over-rides PDSCH transmission (similarly to release 12 DRS RRM tests)

· In release 13 LAA there is no UL transmission, so there is no TDD UL/DL configuration or DwPTS and any subframe may be used for DL transmission.
· In LAA there is no PBCH transmission meaning that subframes 0 and 5 have the same number of bits available.
However, the key point is that under the proposals, existing RMC definitions may be mostly reused. In particular, the following configuration is proposed
	Parameter
	Unit
	Value

	Reference channel
	
	R.0 FS3

	Channel bandwidth
	MHz
	20

	Number of transmitter antennas
	
	1

	Allocated resource blocks (Note 4)
	
	24

	Modulation
	
	QPSK

	Target Coding Rate
	
	1/3

	Information Bit Payload
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	2088

	  For Sub-Frame 5
	Bits
	2088

	  For Sub-Frame 0
	Bits
	2088

	Number of Code Blocks per Sub-Frame
(Note 7)
	
	1

	For Sub-Frames 1,2,3,4,6,7,8,9
	
	1

	For Sub-Frame 5
	
	1

	For Sub-Frame 0
	
	1

	Binary Channel Bits Per Sub-Frame
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	6624

	  For Sub-Frame 5
	Bits
	6480

	  For Sub-Frame 0
	Bits
	6480

	Max. Throughput averaged over 1 frame
	Mbps
	2.088

	Note 1:
Reference signal, synchronization signals allocated as defined in TS 36.211 [16].

Note 2:
If necessary the information bit payload size can be adjusted to facilitate the test implementation. The payload sizes are defined in TS 36.213 [3].

Note 3:
Allocation is located in the middle of bandwidth.

Note 4:
As per Table 4.2-2 in TS 36.211 [16]
Note 5:
As per Table 4.2-1 in TS 36.211 [16]
Note 6:
If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit)

Note 7:
PDSCH allocation applies only to subframes not configured as PRS subframes.

Note 8:      PDSCH allocation applies only to subframes where there is no DRS transmission

Note 9:      PDSCH is not transmitted in subframes where it is determined that transmission should not occur according to the listen before talk (LBT model).
Note 10: 
Max throughput averaged over 1 frame does not account for missed PDSCH transmission due to LBT or DRS transmission



Table 1: Proposed PDSCH RMC for FS3

	Parameter
	Unit
	Value

	Reference channel
	
	R. 0 FS3

	Channel bandwidth
	MHz
	20

	Number of transmitter antennas
	
	1

	Control region OFDM symbolsNote1
	symbols
	2

	Aggregation level
	CCE
	8

	DCI Format
	
	Note 3

	Cell ID
	
	Note 4

	Payload (without CRC)
	Bits
	Note 5

	Note 1:
The control region consists of PCFICH, PHICH and PDCCH.

Note 2:
DCI formats are defined in TS 36.212.

Note 3:
DCI format shall depend upon the test configuration.

Note 4:
Cell ID shall depend upon the test configuration.

Note 5:
Payload size shall depend upon the test configuration.

Note 6:
Only 2 OFDM symbols for special subframes 1 and 6.

Note 7:
For PDCCH using SI/RA/P-RNTI, Aggregation level 4 is used.


Table 2: Proposed PCFICH/PDCCH/PHICH Reference Channel for FS3

In addition, the following parameters need to be specified in the test cases

· subframeStartPosition=s0
· DMTC configuration including 160ms DMTC periodicity

· laa-SCellSubframeConfig=00000000

In addition, proposal 1 (no partially occupied subframes) needs to be captured in the description of the LBT model.

3 Conclusion

In this contribution we discuss and propose a 20MHz RMC suitable for RRM testing. We would request companies to review the configuration for testing, keeping in mind that the RMC is also dependent on the proposals which we make, and 
Proposal 1 : Partially occupied subframes do not need to be used in the RRM reference measurement channels and the LBT model applies to complete subframes

Proposal 2 : subframeStartPosition=s0 is used in RRM tests

Proposal 3 : The RMC implicitly includes a DRS transmission (when allowed by LBT model) consistent with a DMTC periodicity specified in the test cases
Proposal 4 : laa-SCellSubframeConfig=00000000 is used configuring all subframes to have non MBSFN CRS structure

The proposals would need to be captured in the LBT model or LAA RRM test cases.
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