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1 Introduction

In the RANP meeting #75, the new WID on FeLAA for enhancements to LTE operation in unlicensed spectrum was agreed [1]. In the RAN1 meeting #88b, the following agreements were achieved: 
· At least one additional UL ending point is introduced

· The ending point is indicated with a UL grant allocating the resources for the subframe

· At least one additional UL starting point is introduced

·  FFS: details, including whether the starting point is indicated with an UL grant or not
This contribution mainly discusses how to support UL transmission with multiple starting/ending positions in one FS3 (frame structure 3) subframe.

2 Multiple starting positions in an LAA UL subframe 
According to the agreements in last RAN1 meeting, at least one additional starting point is introduced for one UE for UL transmission on unlicensed carrier, so partial subframe transmission should be supported by a FeLAA UE. There are 3 alternatives for one UE to support UL partial subframe transmission. 
Alt1(rate matching): Once the LBT fails before symbol 0, UE re-generate the PHY packet with the same MAC packet for the additional starting position. This method imposes higher requirement to UE processing time and was objected by multiple UE vendors in the last meeting.

Alt2(puncture): UE generate the PHY packet once according the 1ms duration, but it is allowed to start the UL transmission from either the subframe boundary or the additional starting symbol X by throwing away (14-x) symbols. In this method, the eNB may detect the existence of DMRS to determine whether the UE is transmitted in the whole subframe or in the partial subframe. 
Assuming the additional starting point is symbol #7, in this alternative, the UE can transmit the partial subframe in Figure 1. No extra implementation complexity is required for UE to transmit the partial subframe, however, the performance deterioration of partial subframe transmission will be expected. 
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Figure 1: Puncturing transmission in partial subframe
Alt3: add one fixed starting position, e.g, symbol 12 as UpPTS. The UE is indicated to be scheduled to a 3-symbol PUSCH by UL grant. In this method, the starting position is still fixed to symbol 12, it does not provide additional flexible choices to start UL transmission adapting to channel availability situation, thus the benefit is unclear.

Proposal 1: When the UE fails LBT at the subframe boundary, it can switch to partial subframe transmission by either alt1(rate matching) or alt.2(puncturing).
2.1 Comparison of alt.1 and alt.2
The performance comparison between Alt 1 (rate matching, RM) and Alt 2 (puncture) for uplink partial subframe transmission are evaluated. The simulation assumptions can be found in Appendix. From the results, it is observed that in a few low MCS cases of QPSK, the performance loss of puncture compared to rate matching can be neglected, and in a few low MCS cases of 16QAM, the performance loss of puncture is just around 1dB.  In addition, even in a few medium to high MCS cases of QPSK, e.g., coding rate below 0.72, the maximum performance loss of puncture is 1 dB. However, in case of very high MCS and especially for 16QAM, the performance loss can be obvious. 
Observation 1: 
· In low coding rate cases, performance loss of Alt2. compared to Alt.1 can be neglected in QPSK and is around 1dB in 16QAM. 
· In medium coding rate case, e.g., coding rate below 0.72, the maximum performance loss of Alt.2 is 1 dB.

· In high coding rate and modulation type, both Alt.1 and Alt.2 cannot work well.

Proposal 2: Puncturing the OFDM symbols before the initial partial subframe can be used to increase the staring position for UL LAA, if UE cannot generate another PHY packet within one subframe.
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Figure 2: Performance comparison between Alt 1 and Alt 2
In Figure 2, it is also observed that for low modulation order cases, e.g., QPSK or 16QAM, when using half subframe to transmit the TBS allocated for the whole subframe, the code rate may be too high, e.g., the red rows in Table 2 in Appendix, so that the TB cannot be correctly demodulated at eNB side. Similar to LAA DL partial subframe transmission, the MCS table can be specially designed for UL partial subframe transmission such that the modulation orders in the rows with high coding rate can be changed into higher modulation orders. An example is shown in the green rows in Table 3, modulation type of I_TBS #8/9/10 is changed from QPSK to 16QAM, modulation type of I_TBS #14-19 is changed from 16QAM to 64QAM. 
Figure 3 provides the simulation results of Alt1. and Alt.2 with new MCS table 3. It can be observed that with a higher modulation order, the eNB may correctly decode the TB since the code rate of the TB is decreased.

Observation 2: The MCS with coding rate larger than 0.93 in the partial subframe can be correctly decoded if changing the lower modulation order to a higher modulation order. 
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Figure 3: Performance comparison between Alt 1 and Alt 2 (with new MCS table 3)

Based on the above discussion, it is proposed:
Proposal 3: Similar to DL partial subframe transmission, a new MCS table should be introduced to enhance the performance of the UL initial partial subframe transmission.

2.2 Multiplexing with Rel-14 eLAA UE

If UE can switch to UL initial partial subframe transmission by LBT result, the issue for blocking legacy eLAA UEs should be considered. As illustrated in Figure 4, assuming a FeLAA UE and an eLAA UE are scheduled with same starting time position, e.g., from symbol #0, the LBT fails before symbol #0 for both UEs. However, LBT for the FeLAA UE succeeds before symbol #7, and then the FeLAA can switch to initial partial subframe and transmit in the following several subframes, which may block the transmission of the eLAA UE. To avoid such unnecessary blocking, whether to permit performing UL initial partial subframe transmission or not should be indicated to FeLAA UEs by UL_grant. 
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Figure 4: Blocked eLAA UE by UL initial partial subframe of FeLAA UE
Proposal 4: Whether to perform UL initial partial subframe transmission or not should be indicated to FeLAA UE by UL grant.
3 Multiple ending positions in an LAA UL subframe 
For UL LAA operation with FS 3 in unlicensed spectrum, there is no strong motivation to introduce multiple ending positions considering scheduling flexibility and signaling overhead. It is preferred to introduce one additional ending position, e.g., symbol #6. One bit in the UL grant can be used to indicate whether the current UL subframe is ended in the middle of the subframe or in the end of the subframe. The end partial subframe can be transmitted in the way of rate matching. 

Proposal 5: Symbol #6 is introduced as the additional UL ending point. 

4 Conclusion
In this contribution, how to support UL transmission with multiple starting/ending positions in one FS3 (frame structure 3) subframe are discussed. It is proposed and observed:

Proposal 1: When the UE fails LBT at the subframe boundary, it can switch to partial subframe transmission by either alt1(rate matching) or alt.2(puncturing).

Proposal 2: Puncturing the OFDM symbols before the initial partial subframe can be used to increase the staring position for UL LAA, if UE cannot generate another PHY packet within one subframe.
Proposal 3: Similar to DL partial subframe transmission, a new MCS table should be introduced to enhance the performance of the UL initial partial subframe transmission.

Proposal 4: Whether to perform UL initial partial subframe transmission or not should be indicated to FeLAA UE by UL grant.
Proposal 5: Symbol #6 is introduced as the additional UL ending point. 

Observation 1: 
· In low coding rate cases, performance loss of Alt2. compared to Alt.1 can be neglected in QPSK and is around 1dB in 16QAM. 

· In medium coding rate case, e.g., coding rate below 0.72, the maximum performance loss of Alt.2 is 1 dB.

· In high coding rate and modulation type, both Alt.1 and Alt.2 cannot work well.

Observation 2: The MCS with coding rate larger than 0.93 in the partial subframe can be correctly decoded if changing the lower modulation order to a higher modulation order. 
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Appendix: Simulation assumption
Table 1: General assumption
	Parameter
	Value

	Carrier frequency
	5 GHz

	System bandwidth
	20 MHz

	TTI length
	7-symbol/ 14-symbol 

	Allocated bandwidth
	100 PRBs

	Channel model and UE velocity
	EPA 3km/h

	Antenna configuration
	1Tx(UE), 2Rx(eNB)

	Antenna correlation 
	Uncorrelated

	CP length
	Normal

	Transmission mode
	TM1

	Receiver type
	MMSE

	Channel estimation
	Practical

	Link adaptation
	Disabled

	Modulation order
	QPSK, 16QAM, 64QAM

	TBS and code rate
	See Table 2, Table 3

	HARQ retransmission 
	Disabled

	Performance metrics
	BLER


Table 2: MCS with legacy modulation order
	TBS index
	TBS
	Modulation order
	Code Rate 1

(1ms)
	Code Rate 2 (0.5ms)

	0
	2792
	2
	0.098
	0.196

	1
	3624
	2
	0.127
	0.253

	2
	4584
	2
	0.160
	0.320

	3
	5736
	2
	0.200
	0.400

	4
	7224
	2
	0.253
	0.507

	5
	8760
	2
	0.307
	0.613

	6
	10296
	2
	0.360
	0.720

	7
	12216
	2
	0.427
	0.853

	8
	14112
	2
	0.493
	0.987

	9
	15840
	2
	0.553
	1.107

	10
	17568
	2
	0.613
	1.227

	10
	17568
	4
	0.307
	0.613

	11
	19848
	4
	0.347
	0.693

	12
	22920
	4
	0.400
	0.800

	13
	25456
	4
	0.444
	0.889

	14
	28336
	4
	0.494
	0.989

	15
	30576
	4
	0.533
	1.067

	16
	32856
	4
	0.573
	1.147

	17
	36696
	4
	0.640
	1.280

	18
	39232
	4
	0.684
	1.369

	19
	43816
	4
	0.764
	1.529

	19
	43816
	6
	0.510
	1.019

	20
	46888
	6
	0.545
	1.090

	21
	51024
	6
	0.593
	1.187

	22
	55056
	6
	0.640
	1.280

	23
	57336
	6
	0.667
	1.333

	24
	61664
	6
	0.717
	1.434

	25
	63776
	6
	0.741
	1.483

	26
	75376
	6
	0.876
	1.753


Table 3: MCS with a higher modulation order
	TBS index
	TBS
	Modulation order
	Code Rate 1

(1ms)
	Code Rate 2 (0.5ms)

	0
	2792
	2
	0.098
	0.196

	1
	3624
	2
	0.127
	0.253

	2
	4584
	2
	0.160
	0.320

	3
	5736
	2
	0.200
	0.400

	4
	7224
	2
	0.253
	0.507

	5
	8760
	2
	0.307
	0.613

	6
	10296
	2
	0.360
	0.720

	7
	12216
	2
	0.427
	0.853

	8
	14112
	4
	0.247
	0.493

	9
	15840
	4
	0.277
	0.553

	10
	17568
	4
	0.307
	0.613

	10
	17568
	4
	0.307
	0.613

	11
	19848
	4
	0.347
	0.693

	12
	22920
	4
	0.400
	0.800

	13
	25456
	4
	0.444
	0.889

	14
	28336
	6
	0.330
	0.659

	15
	30576
	6
	0.356
	0.711

	16
	32856
	6
	0.382
	0.764

	17
	36696
	6
	0.427
	0.853

	18
	39232
	6
	0.456
	0.913

	19
	43816
	6
	0.510
	1.019

	19
	43816
	6
	0.510
	1.019

	20
	46888
	6
	0.545
	1.090

	21
	51024
	6
	0.593
	1.187

	22
	55056
	6
	0.640
	1.280

	23
	57336
	6
	0.667
	1.333

	24
	61664
	6
	0.717
	1.434

	25
	63776
	6
	0.741
	1.483

	26
	75376
	6
	0.876
	1.753


