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1 Introduction

After RAN1 85 meeting, one email discussion [85-5-1] on scheduling aspects for eLAA was initiated and some agreements were achieved [1]. One of these agreements was:
· FFS special handling of MCS/TBS for PUSCH containing UCI and/or SRS and/or blanked symbol(s)
· Note: Common MCS value for all the scheduled subframes is already agreed

In this contribution, we give our views on handling of MCS/TBS for multi-subframe scheduling. The evaluation results are also present. 
2 Discussions
2.1 Concerns on the impact of common MCS configuration for MSF scheduling
In RAN1 84bis meeting [2], it was agreed that the resource assignment is common to all the scheduled subframes for multi-subframe (MSF) scheduling. However due to the following cases, the actual amount resource for UL-SCH is not the same for these scheduled subframes. 
· Case 1: PUSCH with/without aperiodic CSI (aCSI) reporting 
· Case 2: PUSCH with/without SRS 

· Case 3: PUSCH with/without blanked symbols

In multi-subframe scheduling, if the MCS is set according to the PUSCH subframe with aCSI/SRS/blanked symbol(s), the transmission efficiency of the PUSCH subframe without aCSI/SRS/blanked symbol(s) will be lowered. On the other side, if the MCS is set according to the PUSCH subframe without aCSI/SRS/blanked symbol(s), the transmission reliability as well as the efficiency of the subframes with aCSI/SRS/blanked symbol(s) will also be degraded, especially in the high MCS cases. 
2.2 Evaluation on the special handing of MCS/TBS for MSF scheduling

In this section, the performance of the different MCS configuration was evaluated and compared with the performance of the common MCS configuration for MSF scheduling. 
2.2.1 Simulation assumption
· Common MCS configuration

For MSF scheduling, to ensure the successful ratio of initial PUSCH in each scheduled subframe no lower than 90%, the common MCS is set according to the available resource of the subframe with aCSI/SRS/blanked symbol(s). Following common MCS configurations were assumed: (16QAM, R=3/4), (16QAM, R=5/6), (64QAM, R=5/6), (64QAM, R= 0.93), where R denotes the code rate. 

· Scheduled RBs for subframe with and without aCSI/SRS/blanked symbols

One interlace (i.e. 10 RBs) was assumed for the scheduled UL-SCH in the subframe without aCSI/SRS/blanked symbol(s). Assuming one or two symbols are not used for UL-SCH, only 91.7% or 83.3% resources of the scheduled interlace can be used for UL-SCH. On the other side, assuming aCSI associated to 5 DL or 10 DL CCs is reported and higher layer configured subband CQI and subband PMI reports are applied, at least more than 1 RB should be used for aCSI reporting when 16 QAM or 64 QAM is used for PUSCH respectively. In addition, considering aCSI associated for more cells would be reported within the scheduled RBs, even less resource may be left for UL-SCH. For example, when aCSI associated to 12 DL CCs is reported and higher layer configured subband CQI and subband PMI reports are applied, at least 4 RBs should be used for aCSI reporting when 16 QAM is for UCI transmission. For simplification, 9/8/6 RBs are assumed for UL-SCH in subframe with aCSI/SRS/blanked OS(s).

It should note that when the number of RBs for UL-SCH in subframe with aCSI/SRS/blanked OS(s) is 9 and (64QAM, R= 0.93) applies to this subframe, MCS index indicated in UL grant has reached to the highest index 28. Therefore, the case (64QAM, R= 0.93) with 9 RBs for UL-SCH is not considered here.
In summary, the simulation assumptions can be found in Table A1 in the appendix. 

2.2.2 Simulation procedure
The simulation procedure was set up as the following.

(1) Step 1: common MCS (MCS1) was selected based on the available resources of the subframe with aCSI/SRS/blanked symbol(s). 

Firstly, the closest TBS and its corresponding MCS was selected for a given available RB resource, modulation type and coding rate, e.g 9RB/16QAM/rate=3/4. Under MCS1, the SNR to ensure the 10% BLER performance for the initial transmission of UL-SCH under these assumptions can be obtained (denoted as SNR1).

 (2) Step 2: a different MCS (MCS2) was selected based on the available resources of the subframe without aCSI/SRS/blanked symbol(s) and SNR1.
MCS2 is selected based on the assumption that more available resource can be used for PUSCH transmission, i.e, 10 RB for UL-SCH. Under SNR1, it can be expected that the index of MCS2 will be higher than MCS1, i.e, larger TBS can be transmitted in 10 RBs than 9 RBs.
There might be multiple larger MCS index satisfying the 10% BLER requirement for initial transmission in the subframe without aCSI/SRS/blanked symbol(s). In this case, MCS2 is selected as the highest index which could maximize the transmission throughput for the subframe.

 (3) Step 3: The possible spectrum efficiency improvement of MCS2 over MCS1 is provided for the subframe without aCSI/SRS/blanked symbol(s). 

2.2.3 Evaluation results
According to the discussion in section 2.2.2, the evaluated results were summarized in this section. 

Under different modulation/coding rate assumptions transmitted in PUSCH subframe with different aCSI/SRS/blanked symbol(s) conditions, the common MCS index (MCS1) is selected. Meanwhile, the corresponding SNR1 to ensure the 10% BLER performance for the initial transmission of UL-SCH in the subframe with aCSI/SRS/blanked symbol(s) for this MCS is also given. Under SNR1, MCS2 to ensure the the 10% BLER performance meanwhile to maximize the transmission throughput for UL-SCH in the subframe without aCSI/SRS/blanked symbol(s) is listed in the last column.
The detailed results can be found in Figure A1-1, A1-2, A1-3 and A2.
Table 2. Comparison of MCS1 and MCS2 under different modulation/coding rate/resource assumptions
	Ratio between the resource for UL-SCH in the subframe with and without aCSI/SRS/blanked symbol(s)
	Modulation/coding rate assumptions 
	MCS1 index
	SNR1 (dB)
	MCS2 index

	90% 
	(16QAM, R=3/4)
	19
	13.5
	21

	
	(16QAM, R=5/6)
	20
	14.3
	22

	
	(64QAM, R=5/6)
	25
	19.8
	27

	80%
	(16QAM, R=3/4)
	18
	13.8
	21

	
	(16QAM, R=5/6)
	19
	15.3
	23

	
	(64QAM, R=5/6)
	25
	20
	27

	
	(64QAM, R=0.93)
	27
	22
	28

	60%
	(16QAM, R=3/4)
	14
	13
	20

	
	(16QAM, R=5/6)
	15
	14.5
	22

	
	(64QAM, R=5/6)
	21
	20
	27

	
	(64QAM, R=0.93)
	23
	24
	28


According to Table 2, it can be observed in most cases, the difference between MCS1 index 1 and MCS2 index is larger than 1 when the ratio between the resource for UL-SCH in the subframe with and without aCSI/SRS/blanked symbol(s) is 90% or 80%. When the ratio between the resource for UL-SCH in the subframe with and without aCSI/SRS/blanked symbol(s) is 60%, the difference between MCS1 index and MCS2 index is larger than 5. It is reasonable the greater the ratio between the resource for UL-SCH in the subframe with and without aCSI/SRS/blanked symbol(s), the bigger the gap between MCS2 and MCS1 configuration.
The throughput performance comparison between MCS1 and MCS2 listed in Table 2 for UL-SCH in the subframe without aCSI/SRS/blanked symbol(s) was calculated and summarized in Figure 1.
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Figure 1. Throughput gain achieved by using a different MCS rather than common MCS for subframes w/o aCSI/SRS/blanked symbol(s)
Some observations can be achieved according to the above evaluation results
Observation: By using different MCS(s) in the subframes w/o aCSI/SRS/blanked symbol(s), 
· About 8%-24% throughput gain can be achieved when the ratio between the UL-SCH resource in the subframe with and without aCSI/SRS/blanked symbol(s) is 90% or 80%. 

· The greater the ratio between the UL-SCH resource in the subframe with and without aCSI/SRS/blanked symbol(s), the bigger the gain obtained by using different MCS(s). The throughput gain could achieve as high as 45%-68% when the ratio becomes 60%.

On the other side, if the common MCS is setting according to the UL-SCH in the subframe without aCSI/SRS/blanked symbol(s), the transmission reliability of the subframe with aCSI/SRS/blanked symbol(s) will be degraded, especially for high MCS index. For example, if the MCS for subframe without aCSI/SRS/blanked symbol(s) is selected as the highest index 28, the code rate for the subframe with aCSI/SRS/blanked symbol(s) will exceed 1. Since in eLAA transmission, the channel condition might be relatively good due to LBT, using common MCS for all the subframes would reduce the probability of scheduling high MCS index, especially for 256QAM transmission, which might greatly affect the transmission efficiency of eLAA.
Proposal 1: In order to enhance the spectrum efficiency of eLAA transmission, different MCS(s) should be used for subframes w. or w/o aCSI/SRS/blanked symbol(s) for MSF scheduling. 

2.3 Different MCS design for MSF scheduling
In this section, how to support different MCS for MSF scheduling is discussed. 
One option is to introduce another MCS indication in the UL grant. However it will incur additional 5 bits per UL-SCH transport block in the physical layer signalling which is undesirable. 
Another option is to define one MCS offset to the common MCS index for MSF scheduling via higher layer signalling. For example, common MCS indication in the UL grant is applied to the subframe without aCSI/SRS/blanked symbol(s) and another MCS offset relative to the common MCS is applied to the subframe with aCSI/SRS/blanked symbol(s). In case where two UL-SCH transports are transmitted in PUSCH subframe, if SRS/blanked symbol(s) result in different UL-SCH resources for different subframes of MSF scheduling, the MCS offset should be applied to each codeword. On the other side, if aCSI reporting results in different UL-SCH resources for different subframes of MSF scheduling, the MCS offset should be applied to one codeword which the aCSI reporting will be mapped to according to TS36.212 [3].
 According to the evaluation results in section 2.2, one MCS offset (i.e. 2) can be considered regardless of the different ratio between the resource for UL-SCH in the subframe with and without aCSI/SRS/blanked symbol(s). Alternatively, multiple MCS offsets can be defined in RRC signalling and each of them applies to one ratio between the resources for the UL-SCH in the subframe with and without aCSI/SRS/blanked symbol(s), for example the MCS offset can be 2 or 6 when the ratio is 80% or 60% respectively. Obviously no physical layer impact is required for this option. 
Proposal 2: 

· The common MCS (MCS1) indication in UL grant is for UL-SCH in the subframe without aCSI/SRS/blanked symbol(s).
· MCS offset(s) is configured by higher layer signalling. The MCS for UL-SCH in the subframe with aCSI/SRS/blanked symbols is derived by MCS2 = MCS1 -MCS offset.
· RRC signalling can include one MCS offset, or several MCS offset(s) which corresponds to different ratios between the UL-SCH resources in the subframe with and without aCSI/SRS/blanked symbol(s).

· In case where two UL-SCH transports are transmitted in PUSCH subframe,
· if SRS/blanked symbol(s) result in different UL-SCH resources for different subframes of MSF scheduling

· MCS offset applies to each codeword.
· Else if aCSI reporting results in different UL-SCH resources for different subframes of MSF scheduling
· MCS offset applies to the codeword which the aCSI reporting will be mapped to.
3 Conclusion
In this contribution, the special handling of MCS for normal PUSCH and the PUSCH containing UCI/SRS/blanking symbol(s) was discussed. According to the analysis, the following observation and proposals were obtained. 
Observation: By using different MCS(s) in the subframes w/o aCSI/SRS/blanked symbol(s), 
· About 8%-24% throughput gain can be achieved when the ratio between the UL-SCH resource in the subframe with and without aCSI/SRS/blanked symbol(s) is 90% or 80%
· The greater the ratio between the UL-SCH resource in the subframe with and without aCSI/SRS/blanked symbol(s), the bigger the gain obtained by using different MCS(s). The throughput gain could achieve as high as 45%-68% when the ratio becomes 60%.
Proposal 1: In order to enhance the spectrum efficiency of eLAA transmission, different MCS(s) should be used for subframes w. or w/o aCSI/SRS/blanked symbol(s) for MSF scheduling.
Proposal 2: 

· The common MCS (MCS1) indication in UL grant is for UL-SCH in the subframe without aCSI/SRS/blanked symbol(s).

· MCS offset(s) is configured by higher layer signalling. The MCS for UL-SCH in the subframe with aCSI/SRS/blanked symbols is derived by MCS2 = MCS1 -MCS offset.
· RRC signalling can include one MCS offset, or several MCS offset(s) which corresponds to different ratios between the UL-SCH resources in the subframe with and without aCSI/SRS/blanked symbol(s).

· In case where two UL-SCH transports are transmitted in PUSCH subframe,

· if SRS/blanked symbol(s) result in different UL-SCH resources for different subframes of MSF scheduling

· MCS offset applies to each codeword.

· Else if aCSI reporting results in different UL-SCH resources for different subframes of MSF scheduling
· MCS offset applies to the codeword which the aCSI reporting will be mapped to.
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Appendix

(1) Simulation assumption for special handling of MCS for MSF scheduling.

Table A1. Simulation assumptions

	Parameters
	Values

	RBs for scheduled UL-SCH 
	10 RBs for UL-SCH in SF w/o aCSI/SRS/blanked OS(s)

	
	9, 8, or 6 RBs for UL-SCH in SF with aCSI/SRS/blanked OS(s)

	Common MCS configuration [Note 1]
	(16QAM, R=3/4), (16QAM, R=5/6)
(64QAM, R=5/6), (64QAM, R= 0.93) [Note 2]

	Carrier frequency
	5.0GHz

	System bandwidth
	20M

	Antenna configuration
	1TX2RX for UL; 2TX2RX for DL;

	Channel
	EPA

	UE mobility
	3km/h

	HARQ
	no HARQ for UL-SCH

	Note 1: in the simulation, common MCS is configured according to SF with aCSI/SRS/blanked OS(s), so as to ensure the successful ratio of initial PUSCH for the transport block in each scheduled subframe no lower than 90%.

Note 2: (64QAM, R= 0.93) with 9 RBs for UL-SCH in SF with aCSI/SRS/blanked OS(s) is not considered. 


(2). BLER for the initial transmission of UL-SCH in the subframe with aCSI/SRS/blanked symbol(s)
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Figure A1-1 BLER performance for UL-SCH in the subframe with aCSI/SRS/Blanked symbol(s) when the ratio between the resource for UL-SCH in the subframe with and without aCSI/SRS/blanked symbol(s) is 90%
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Figure A1-2 BLER performance for UL-SCH in the subframe with aCSI/SRS/Blanked symbol(s) when the ratio between the resource for UL-SCH in the subframe with and without aCSI/SRS/blanked symbol(s) is 80%
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Figure A1-3 BLER performance for UL-SCH in the subframe with aCSI/SRS/Blanked symbol(s) when the ratio between the resource for UL-SCH in the subframe with and without aCSI/SRS/blanked symbol(s) is 60%
(3). BLER for the initial transmission of UL-SCH in the subframe without aCSI/SRS/blanked symbol(s) when different MCS is applied for this kind of subframe
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Figure A2 BLER performance for UL-SCH in the subframe w/o aCSI/SRS/Blanked symbol(s) when different MCS is applied











































































