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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]Less available REs degrades PDSCH performance, especially when CFI=3 and 32-port CSI-RS occur in a subframe. 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: N_RB 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 this paper, we discuss the possible solutions and suggest to adopt solution 5 for modulation enhancement. And, we further provide detailed design 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:
· Consideration 1: For a given MCS, consistent PDSCH performance is preferred so as to avoid complicated UE-OLLA implementation.
· Consideration 2: Keep same number of MCS index. Larger number of MCS index also increases the UE-OLLA complexity. 
Table 1 summarizes our evaluation. Regarding solution 1~3, modulation overriding and (table) selection lead to inconsistent PDSCH performance. As shown in Figure 1, for fixed MCS and fixed TBS, the required SNR to achieve 10% BLER varies from 2.4 dB to 4.1 dB because of introducing modulation order changes. Therefore solution 1~3 are not preferred due to the increased complexity of UE-OLLA. Regarding solution 4, MCS field in DCI is extended to 6bits. CSI implementation complexity could be doubled because UE-OLLA design shall consider at most 64 MCS indices (originally 32 MCS indices). 


	Solution 
	Comments

	Solution 1
	Consideration 1 is not met

	Solution 2
	Consideration 1 is not met

	Solution 3
	Consideration 1 is not met

	Solution 4
	Consideration 2 is not met

	Solution 5
	Both considerations are met


Table 1: Comments on solutions
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[bookmark: _Ref505180408]Figure 1: PDSCH performance with different modulation orders
Regarding solution 5, both mentioned design considerations are meet, and it is UE-implementation friendly. 
Proposal 1: Adopt solution 5 for MCS enhancement.
3	Design on Solution 5
The detailed designs on N_RB scaling factor for TBS selection and trigger conditions are proposed for solution 5. Moreover, solution 5 can be applied for all MCS indices. The multi-stage architecture is used for consistent coderate maintenance. And the procedure can be broken down as following steps:
Step 1: Calculate available RE number for PDSCH data transmission, namely Avail_RE
· [bookmark: _GoBack]Base on PRB allocation in DCI
· Exclude CRS, control region, DMRS, CSI-RS, and EPDCCH
Step 2: Calculate all RE number for PDSCH data transmission, namely All_RE
· Base on PRB allocation in DCI
· Exclude CRS, control region with CFI of 1, and DMRS
Step 3: Derive r = ratio of Avail_RE over All_RE
Step 4: if (r < (4.5/8 = 0.5625)),           N_RB scaling factor = 4/8 = 0.5;
else if (r < (5.5/8 = 0.6875)),  N_RB scaling factor  = 5/8 = 0.625;
else if (r < (6.5/8 = 0.8125)),  N_RB scaling factor  = 6/8 = 0.75;
else if (r < (7.5/8 = 0.9375)),  N_RB scaling factor  = 7/8= 0.825;
else                                         ,  N_RB scaling factor  = 8/8 =1;

Table 2 lists two cases for N_RB scaling. It can be observed the coderate difference between two cases is 0.062 and it also demonstrates that solution 5 can provide more consistent PDSCH performance. 

	
	Value

	Parameter
	Case 1
	Case 2

	DL cell bandwidth
	10MHz

	CRS port number
	2-CRS port

	DMRS port number
	2-DMRS port

	PDSCH PRB number
	100 (from DCI)

	MCS
	16 (64QAM table)

	ITBS
	15

	CFI
	3(from PCFICH)
	1 (from PCFICH)

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

	EPDCCH
	2 active PRBs
	N.A.

	N_RB scaling factor
	0.625
	1

	TBS (bits)
	19080
	30576

	TBS+CRCs (bits)
	19200
	30720

	Coderate
	0.644
	0.581



Table 2: Examples of N_RB scaling
N_PR scaling factor calculation for case 1:
Step 1: All_RE = 100 * (12* 14 -12(CFI =1) - 12 (CRS port) -12 (DMRS port)) = 13200 REs
Step 2: Avail_RE = (100 -2(EPDCCH))*(12*14- 36 (CFI from PCFICH) - 12 (CRS port) -12 (DMRS port) - 32 (CSI-RS port)) = 98*76 = 7448 REs
Step 3: r = 7448/13200 = 0.56422 
Step 4: N_RB scaling factor = 0.625, PRB for TBS is floor(100*0.625) = 62 PRBs.
4	Summary
Based on the discussion in section 2, we have the following proposal:
Proposal 1: Adopt solution 5 for MCS enhancement.
5	Reference 
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