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Introduction
[bookmark: _GoBack]We have discussed new and possible channel interleaver schemes in a companion contribution (R1-1717046). Unfortunately, such PHY performance degradations are not confined to a few specific PHY cases, in fact the issues are propagated to upper layers optimizations (either base-station organized mode 3 or DCC mode 4), and quick-fixes are needed until a proper solution (in our opinion ) is decided, to limit the impact on network performance.
In this contribution, we analyse the performance per MCS index and per allocation size, and provide recommendations for fixes in Rel-14, as well as in Rel-15.
MCS range (or TBS) vs SNR performance: non-monotonic behaviour detected
In the below plot, we represent the SNR needed to reach 1% BLER performance, for MCS 1-18 for a fixed allocation size (3RB PSSCH in this example), with current Rel-14 channel interleaver (with ). We can clearly see a non-monotonic behaviour which will be complicated to optimize for upper layers.
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Figure 1 SNR vs TBS for MCS1-18 for 3 RB
We can identify the following facts:
· SNR performance of MCS10 is worse than MCS11-12-13
· SNR performance of MCS9 lower than MCS11
· MCS 18-20 lead to systematic error floors at BLER=1

Consequently, for PSSCH (in both transmission mode 3 or 4), in order to optimize the network performance, it seems logical that upper layers (i.e. the base-station in mode 3, or the DCC algorithm in mode 4), would purely drop the usage of MCS 9 & 10, and jump straight from MCS 8 to MCS11, as depicted by the orange arrow. This quick-fix helps recovering a monotonic behaviour, although there is quick a leap frog from MCS 8 to MCS 11, in terms of required SNR.

Such results & quick-fixes will be allocation size specific, and no generic rule/exceptions can be established, for example:
· Allocation size = 3 RB: rule = ignore MCS 9-10-18-19-20
· Allocation size = X RB: rule = ignore MCS 9-10-19-20
· Allocation size = Y RB: rule = ignore MCS 10-19-20
· Allocation size = Z RB: rule = ignore MCS 10-20
· Etc..

The table of exception might be complicated to establish and will significantly complicate the network performance optimization.

Channel Interleaver schemes & updated MCS table
Channel Interleaver schemes simulated
We evaluated 3 different schemes for PSSCH channel interleaver, including the current specified one:
· . This is the current scheme, as specified by the standard 36.212.
· . In this scheme, the last symbol is not used for the channel interleaver. 
· . In this scheme, the last symbol is not used for the channel interleaver, and the first symbol is also not used for the channel interleaver. The data placed in the first symbol can be a replica of the second symbol, although this aspect can be FFS. 
MCS-TBS schemes
Concurrently, we also evaluated 2 different MCS-TBS schemes for PSSCH, including the current specified one:
· Current MCS-TBS table
· Updated version with increase in modulation order (Qm=Qm+2)
a. MCS0-10: 16QAM
b. MCS11-20: 64QAM

Simulation results for PRB size = 3
The above options described in 3.1 and 3.2 lead to 3*2=6 options simulated:
·  & current MCS-TBS scheme
·  & current MCS-TBS scheme
·  & current MCS-TBS scheme
·  & new “Qm=Qm+2” MCS-TBS scheme
·  & new “Qm=Qm+2” MCS-TBS scheme
·  & new “Qm=Qm+2” MCS-TBS scheme
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Figure 2 SNR vs TBS for MCS1-20, for Cmux=8-9-10 and/or Qm=Qm+2, Num RB = 3
This numerical simulation show that:
· Improving the channel interleaver scheme with  or  does help bridge the performance gap around the QPSK-to-16QAM transition point (up to 1.5 dB improvement for MCS10 for example)

· Advancing the transition point from QPSK to 16QAM (or 16QAM to 64QAM) brings huge improvement, regaining a monotonic behaviour. We can see that:
· 16QAM is more adapted to TBS induced by MCS 9 & 10
· 64QAM is more adapted to TBS induced by MCS  ≥  17

· Current Rel-14 standard cannot operate MCS ≥ 18 
· Meaning that effective Rel-14 maximum throughput is achieved at MCS17, that is maximum of 15.8 Mbps for LTE10MHz, compared of theoretically 20.6 Mbps if MCS20 was working correctly (48 RB allocation).

Some “sporadic” or “random” MCS are not working at all (ex: MCS9)
Numerical simulation show that certain MCS configuration are having error floors at BLER = 1, while their neighbours (MCS+1, MCS-1) are operational (no error floor). 
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Figure 3 SNR vs TBS for MCS0-20, for Cmux=8-9-10 and/or Qm=Qm+2, Num RB = 4

Below is a list of the “sporadic” MCS with problematic error floors encountered:
Figure 4 List of “sporadic” MCS with error floors
	
	
	
	

	3 RB
	
	
	

	4 RB
	
	14
	9

	5 RB
	
	
	14

	6 RB
	
	
	9

	8 RB
	
	
	9

	9 RB
	
	
	

	10 RB
	
	15
	14

	12 RB
	
	
	

	15 RB
	
	
	

	16 RB
	
	
	8,9

	18 RB
	
	
	9

	20 RB
	
	
	10

	24 RB
	
	
	

	25 RB
	
	
	13

	27 RB
	
	
	10

	30 RB
	
	
	9

	32 RB
	
	10
	10, 11

	36 RB
	
	
	9



Note: codewords with more than 1 codeblock not simulated.


Recommendations for fixes in Rel-14
MCS-TBS schemes
Rel-14 being limited to 16QAM, changing the MCS17-20 from 16QAM to 64QAM is not an option. Consequently, we propose changing only the MCS 9 & 10, advancing the transition from QPSK to 16QAM. 
This change will help recover a monotonic behaviour of “MCS vs SNR” – that is especially important for proper network optimization (base-station scheduling policies or DCC algorithms).

 
	MCS Index
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	Modulation Order
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	TBS Index
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	0
	2
	0

	1
	2
	1

	2
	2
	2

	3
	2
	3

	4
	2
	4

	5
	2
	5

	6
	2
	6

	7
	2
	7

	8
	2
	8

	9
	 2  4
	 9  8

	10
	 2  4
	 10  9

	11
	4
	10

	12
	4
	11

	13
	4
	12

	14
	4
	13

	15
	4
	14

	16
	4
	15

	17
	4
	16

	18
	4
	17

	19
	4
	18

	20
	4
	19

	21
	6
	19

	22
	6
	20

	23
	6
	21

	24
	6
	22

	25
	6
	23

	26
	6
	24

	27
	6
	25

	28
	6
	26


Figure 5 Proposed updated MCS-TBS table for Rel-14
Channel Interleaver scheme
We recommend that the Channel interleaver scheme is changed from  to .
This is a low-hanging fruit that will help boost MCS 9 & 10 significantly, and will make MCS 18 usable until Rel-15 allows 64QAM. 

Build an exception table
We need to carefully verify each MCS index performance for each allocation size. Upper layers must be informed that certain configurations shall not be used, in order to keep the transmissions operational.
The below table gathers the “sporadic” error floors described in previous section 4.0 as well as the non-monotonic aspects highlighted in sections 2.0 and 3.0.

Figure 6 Table of exceptions: exception table of MCS index which shall not be used.
	
	
	

	3 RB
	9, 10 (if QPSK)
17, 18, 19, 20
	9, 10 (if QPSK)
16, 17, 18, 19, 20

	4 RB
	9, 10 (if QPSK)
19, 20
	9, 10 (if QPSK)
19, 20

	5 RB
	9, 10 (if QPSK)
19, 20
	9, 10 (if QPSK),
14,
18, 19, 20

	6 RB
	9, 10 (if QPSK)
19, 20
	9, 10 (if QPSK),
19, 20

	8 RB
	9, 10 (if QPSK)
18, 19, 20
	9, 10 (if QPSK),
18, 19, 20

	9 RB
	9, 10 (if QPSK)
19, 20
	9, 10 (if QPSK),
19, 20

	10 RB
	10 (if QPSK),
15,
19, 20
	9, 10 (if QPSK),
14,
18, 19, 20

	12 RB
	10 (if QPSK),
14,
19, 20
	10 (if QPSK),
13,
18, 19, 20

	15 RB
	10 (if QPSK),
19
	10 (if QPSK),
18, 19

	16 RB
	10 (if QPSK),
18
	9, 10 (if QPSK),
18

	18 RB
	9,10 (if QPSK)
	8, 9, 10 (if QPSK)

	20 RB
	10 (if QPSK)
	10 (if QPSK)

	24 RB
	10 (if QPSK)
	10 (if QPSK)

	25 RB
	10 (if QPSK)
	10 (if QPSK),
13

	27 RB
	10 (if QPSK)
	10 (if QPSK)

	30 RB
	10 (if QPSK)
	9, 10 (if QPSK)

	32 RB
	9, 10 (if QPSK)
	9, 10 (if QPSK),
11

	36 RB
	10 (if QPSK)
	9, 10 (if QPSK)



Note: codewords with more than 1 codeblock not simulated.


Recommendations for fixes in Rel-15
New MCS-TBS schemes
We recommend designing a V2X specific MCS-TBS table, with advanced transition points for QPSK to 16QAM, as well as 16QAM to 64QAM.



	MCS Index
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	Modulation Order
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	TBS Index
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	0
	2
	0

	1
	2
	1

	2
	2
	2

	3
	2
	3

	4
	2
	4

	5
	2
	5

	6
	2
	6

	7
	2
	7

	8
	2
	8

	9
	 2  4
	 9  8

	10
	 2  4
	 10  9

	11
	4
	10

	12
	4
	11

	13
	4
	12

	14
	4
	13

	15
	4
	14

	16
	4
	15

	17
	 4  6
	 16  15

	18
	 4  6
	 17  16

	19
	 4  6
	 18  17

	20
	 4  6
	 19  18

	21
	6
	19

	22
	6
	20

	23
	6
	21

	24
	6
	22

	25
	6
	23

	26
	6
	24

	27
	6
	25

	28
	6
	26


Figure 7 Proposed updated MCS-TBS table for Rel-15
New I_MCS vs TBS table
We recommend designing a V2X specific TBS table, so that the possible remaining “sporadic” problems are fixed by choosing a slightly different transport block size. In order to create this table, we must first agree on a  configuration (8, 9 or 10), and MCS-TBS scheme.

For example, for 4RB and sticking with the current channel interleaver scheme , I_mcs=9 TBS = 616 bits must not be used. We propose using 632 bits in this configuration instead, as an example.
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Figure 8 MCS9 4RB TS=616 bits

[image: C:\Vincent\AUTO\V2X\VINCENT_SLIDES\3GPP_RAN_contribution_ChanInterleaver\PRB4_MCS9_Nalgo=6_632.png]
Figure 9 MCS9 4RB TS=632 bits
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