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In RAN1#91, five solutions [1] are proposed:
· RAN1 to consider one of the following solutions to this issue in Rel-15 under TEI-15:
· Solution 1: Select modulation scheme based on TBS and number of REs used for rate matching.
· Solution 2: Introduce “Modulation overriding” field in DCI to change the modulation scheme.
· Solution 3: Introduce an alternative table for 256QAM by RRC configuration.
· Solution 4: Extend the MCS field in DCI to 6 bits, and introduce overlapped entries with different modulation scheme.
· Study the possibility of a single MCS table covering from QPSK to 1024QAM.
· Solution 5: NRB scaling for TBS selection (similar to TBS selection for special subframes)
· No changes to Rel-12/13/14 64QAM/256 QAM TBS/MCS entries
In RAN1#92, the following conclusion was achieved:Conclusion:
· For the issue identified in the above 4 papers, RAN1 to specify one solution in Rel-15 under TEI-15




In this paper, we discuss the possible solutions and suggest to adopt solution 5 for modulation enhancement. And, we further provide detailed design and simulation results for solution 5.

2     	Discussion on Solutions
PDSCH performance is one of the design considerations for UE CSI. To reduce CSI complexity, the following two design considerations shall be evaluated in PDSCH performance enhancement:
· Consistent PDSCH performance: it is preferred for a given MCS to avoid complicated UE-OLLA implementation.
· 5-bit MCS index field: it is preferred to keep the number of MCS index unchanged, as a larger number of MCS index increases the UE-OLLA complexity. 




Table 1 summarizes our evaluation. 

	Solutions
	#1
	#2
	#3
	#4
	#5

	Consistent PDSCH performance
	Χ
	Χ
	Χ
	Ѵ
	Ѵ

	5-bit MCS index field
	Ѵ
	Ѵ
	Ѵ
	Χ
	Ѵ



Table 1: Comments on solutions
PRB scaling in solution #5 can provide consistent PDSCH performance. Assuming CFI and RS overhead summarized in Table 2, the required SNR difference is only 0.2dB. Further details on the simulation parameters are listed in appendix. 
A larger number of symbols used for the legacy control region CFI and higher number of antenna ports will result in a higher overhead. Increasing the modulation order can provide more available bits per RE per layer and reduce the code rate as shown in Table 2. 
For example, with CFI=1 and 16QAM, the reference required SNR is 18.2 dB and code rate is 0.58. With CFI=3 and 24 CSI-RS ports, we have 
· With 16QAM, the legacy required SNR is 26.1 dB or 7.9 dB above the reference required SNR due to code rate increase to 0.91.  
· With change of the modulation to 64QAM, the required SNR is 24.7 dB or 6.5 dB above the reference required SNR. Although the code rate reduces to 0.61, larger signal power are needed to maintain same Euclidean distance.  Table 3 shows the additional power in dB for modulation changes.
· With PRB scaling in solution 5, the change of modulation is conditional to the CFI value and RS overhead as described in the next section. The required SNR with solution 5 is 18.0 dB or -0.2dB below the reference required SNR and code rate is 0.57. As the required SNR is approximately the same as the reference required SNR, there is no change for the CQI tracking and reporting in the UE-OLLA procedure.  
[bookmark: _Ref509956807]Observation 1: The PRB scaling solution can maintain consistent code rate under difference overhead scenarios. Moreover there is no additional power need because of using same modulation order.

	
	CFI = 1, 
Reference
	CFI = 3, 24 CSl-RS ports

	
	
	Legacy
	Change mod. Order
	PRB scaling

	Code rate
	0.58
	0.91
	0.61
	0.57

	Required SNR (dB)
	18.2
	26.1 (+7.9*)
	24.7 (+6.5*)
	18.0 (-0.2*)

	Note*:  Required SNR difference


Table 2: summary of simulation results

		
	Additional required power in dB

	From QPSK to 16QAM
	20*log10(sqrt(10/2))     = 7.0dB

	From 16QAM to 64QAM
	20*log10(sqrt(42/10))   = 6.2dB

	From 64QAMv to 256QAM
	20*log10(sqrt(170/42)) = 6.1dB


Table 3: Addition required power to maintain same Euclidean distance
	 
The solution 5 using PRB scaling solution allows to keep consistent PDSCH performance and keep 5-bit MCS index field without increasing the UE-OLLA procedure complexity. Hence, we make the proposal below. 
[bookmark: _Ref508715812]Proposal 1: Adopt PRB scaling solution for MCS enhancement.

3	Design on Solution 5
Solution 5 can be applied for all MCS indices. The detailed designs on NRB scaling factor for TBS selection and trigger conditions are proposed for solution 5. The multi-step procedure outlined below is used for consistent PDSCH performance, where a scaling factor is determined based on a range of code rate values assuming a given CFI value and RS overhead. 
Step 1: Calculate available RE number for PDSCH data transmission, namely Avail_RE
· Based on PRB allocation in DCI
· Exclude CRS, control region with CFI>1, DMRS, CSI-RS, and EPDCCH
Step 2: Calculate all RE number for PDSCH data transmission, namely All_RE
· Based on PRB allocation in DCI
· Exclude CRS and DMRS
Step 3: Derive r = ratio of Avail_RE over All_RE
Step 4: Determine the NRB scaling factor, α, as follows
if (r < (4.5/8 = 0.5625)),          α= 4/8 = 0.5;
else if (r < (5.5/8 = 0.6875)),   α  = 5/8 = 0.625;
else if (r < (6.5/8 = 0.8125)),   α  = 6/8 = 0.75;
else if (r < (7.5/8 = 0.9375)),   α  = 7/8= 0.825;
else                                         ,   α  = 8/8 =1;
In applying the PRB scaling solution, the scheduled PDSCH Spectral Efficiency (SE) can be close to the Spectral Efficiency reported in the CQI report. 
1. If eNB changes its TBS selection behavior (2.b and 2.c.i in red in procedure below), eNB is able to guarantee that the scheduled PDSCH SE is closed to the reported PDSCH SE by the UE under different RS and CFI overhead scenarios .
1. UE shall change demodulation behavior on TBS selection part only. 

Procedure details:
1. Based on predefined RS and down link control overhead, UE determines the CQI index by using CFI value and RS overhead at subframe n. Assume reported SE is X. 
· SE is spectrum efficiency per available RE. 
· UE reports SE = X at subframe n+k.
1. When eNB wants to schedule DL data at subframe n+l, 
1. eNB knows the CFI value and RS overhead and scheduled PRBs at subframe n+l. 
0. The available RE number is known. Assume Y.
0. Maximum TBS shall be less than X*Y
1. eNB knows the PRB scaling factor (same decision rules for eNB and UE)
1. The eNB applies PRB scaling to find the suitable MCS with the closest code rate to reported code rate X. 
2. Suitable MCS: the TBS with PRB scaling is less than X*Y.
2. eNB indicates the MCS and RA in DCI at subframe n+I
1.  Based on MCS and RA in DCI, the UE knows the TBS index and determines the TBS size followed by rate de-matching and decoding.
An example of the PRB scaling procedure is shown in the appendix.

4	Summary
Based on the discussion in section 2, we have the following observation and proposal:
Observation 1: The PRB scaling solution can maintain consistent code rate under difference overhead scenarios. Moreover there is no additional power need because of using same modulation order.
Proposal 1: Adopt PRB scaling solution for MCS enhancement.

5	Appendix
	
	Legacy
	Change modulation order
	PRB scaling

	Parameter
	Case 1
	Case 2
	Case 1
	Case 3
	Case 1
	Case 4

	DL cell bandwidth
	10MHz

	CRS port number
	2-CRS port

	DMRS port number
	2-DMRS port

	TM mode
	TM9

	Precoder
	Random

	PDSCH PRB number
	100

	MCS
	16 (64QAM table)
16QAM
	16 (64QAM table)
16QAM
	16 (64QAM table)
16QAM
	17
(64QAM table)
64QAM
	16 (64QAM table)
16QAM
	16 (64QAM table)
16QAM

	ITBS
	15
	15
	15
	15
	15
	15

	CFI
	1 (from PCFICH)
	3(from PCFICH)
	1 (from PCFICH)
	3(from PCFICH)
	1 (from PCFICH)
	3(from PCFICH)

	CSI-RS port number
	N.A.
	24-CSI-RS port
	N.A.
	24-CSI-RS port
	N.A.
	24-CSI-RS port

	N_RB scaling factor
	N.A.
	N.A.
	N.A.
	N.A.
	1
	0.625[Note1]

	TBS (bits)
	30576
	30576
	30576
	30576
	30576
	19080[Note1]

	TBS+CRCs (bits)
	30720
	30720
	30720
	30720
	30720
	19200

	RE NUM
	13200
	8400
	13200
	8400
	13200
	8400

	Coderate
	0.58
	0.91
	0.58
	0.61
	0.58
	0.57















Table 4: simulation parameters
Note 1:  PRB scaling for TBS selection
· Step 1: All_RE = 100 * (12* 14 -12(CFI =1) - 12 (CRS port)-12 DMRS) = 13200 REs
· Step 2: Avail_RE = 100*(12*14- 36 (CFI from PCFICH) - 12 (CRS port) - 24 (CSI-RS port)-12(DMRS)) = 8400 REs
· Step 3: r = 8400/13200 = 0.63
· Step 4: NRB scaling factor α = 0.625, NPRB for TBS is .
· Step 5: TBS = 19080 when ITBS = 15 and NPRB = 62
[image: ]
Figure 1: TM9 PDSCH performance
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