3GPP TSG RAN WG1 Meeting #90bis	R1-1717046
Prague, Czech Republic, 09-13 October 2017

[bookmark: _GoBack]Agenda Item:	6.1.3
Source:	NXP
Title:	Discussion on LTE Rel-14 V2X PSSCH Channel Interleaver
	(Error floors with Cmux = 10, and fix with Cmux = 8 or 9)
Document for:	Discussion and decision

Introduction
The Rel-14 Sidelink V2X PSSCH & PSCCH channels specifies usage of a channel interleaver in 36.212, as per sections 5.4.2, 5.2.7 & 5.2.8.
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Figure 1 36.212, 5.4.2
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Figure 2 36.212 5.2.8
We recall the key properties of the channel interleaver scheme:
· Rate-Matching is done over 10 SC-FDMA symbols ()
· However, the last symbol is not transmitted (TX-RX switch time)
· However, the first symbol might be used for AGC calibration purposes at the receiver’s side, and therefore not available for the codeword decoding procedure
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Figure 3 Sidelink data subframe, SC-FDMA symbols organization

This scheme introduces 2 symbols of puncturing. It is also to be noted that these two symbols are contiguous, being the first and the last one of the subframe grid. This introduces consecutive series of the zero-valued LLRs at the input of the Turbo decoder. The number of consecutive zeros thus equals , that is for example  in case of 16QAM modulation.

Degraded performance for MCS with code rate too close to 1 (QPSK & 16QAM): example with PSSCH 3 RB
Numerical simulations with the current Channel Interleaver scheme show that for certain MCS (where rate is getting close to 1), the aforementioned puncturing degrades significantly the receiver performance, and even introduces error floors for high MCS.
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The above figure depicts the current status of codeword decoding performance, given the current Channel Interleaver MCS table, and showing PRB size = 3 as an example.

We can identify several problematic MCS curves:
· (NTR for MCS 0-8)
· MCS 9: Performance start to degrade abnormally, with more than 2dB offset from MCS 8
· MCS 10: Performance is really degraded, up to the point that MCS 11-13 perform better than MCS 10
· (NTR for MCS 11-16)
· MCS 17: Performance start to degrade abnormally, with 1.5 dB offset from MCS 16
· MCS >= 18: Error Floor at BLER=1

These performance degradations can be observed on most of the allocation sizes. It indicates that the rate-matching & channel interleaver schemes inherited from LTE Uplink should not be used as such: some adjustment is required to fix these performance issues.
Fix proposed: PSSCH Channel Interleaver scheme update
Channel Interleaver schemes simulated
We evaluate 3 different schemes for PSSCH channel interleaver, including the current specified one:
1. . This is the current scheme, as specified by the standard 36.212.
2. . In this scheme, the last symbol is not used for the channel interleaver. 
3. . 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. 

Simulations conditions
Sidelink Rel-14 Codeword encoding and decoding.
AWGN environment, 1x1 receiver, timing error = none, frequency error = none.
10MHz bandwidth, PSSCH allocation size = 3 RB, no HARQ.
First SC-FDMA symbol puncturing set to ON and OFF to mimic AGC calibration, and availability (or not) of the first symbol for PSSCH decoding.
Note#1: in the case of , in case of puncturing disabled, at the receiver’s side, the first and second SC-FDMA symbols are averaged before the demodulation mapping. More complicated and more efficient schemes are probably possible. Such simple receiver is therefore provided here only as an example.


Example #1: MCS 10 (QPSK) and First symbol puncturing: ON
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1.50 dB degradation

We can notice a strong performance degradation of 1.50 dB, when using the current  Channel Interleaver scheme vs , or 0.72 dB performance degradation vs .

Example #2: MCS 18 (16QAM) and First symbol puncturing: ON
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In this example, the current  Channel Interleaver scheme has an error floor at BLER=1, as opposed to options   and  which lead to correctly decoded messages.

Error floors for certain medium-range MCS: example with PSSCH 4 RB & MCS9
Some numerical simulation show that certain MCS configuration are having BLER = 1, while their neighbours (MCS+1, MCS-1) are operational (no error floor). Differently from the example described in the earlier section 3., here the error floors concern some medium-range MCS, mostly MCS 9 or MCS10.
This behaviour is more problematic than the one described in 3. as the degraded performance (as observed for 3RB for example) is not really predictable, with previous and next MCS operating correctly. We believe this problem might be related to the puncturing pattern itself.
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Error Floor for MCS 9 


Fix proposed: PSSCH Channel Interleaver scheme update
Similarly, as in section 3, we tested the 3 channel interleaver approaches, and alternative schemes with   and  lead to a correct decoding, solving again the issue.
Example #3: MCS 9 (QPSK) and First symbol puncturing: ON, PSSCH allocation size = 4 RB
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Conclusion on PSSCH simulation results
· The current Rel-14 V2X channel interleave schemes introduces severe performance degradations (up to 1.5 dB), when coding rates are close to 1
· In QPSK for MCS 9-10
· In 16QAM for MCS 13-17 

· MCS index ≥ 18 cannot be decoded (error floor at BLER=1) 

· Certain “sporadic” medium-range MCS index cannot be decoded (error floor at BLER=1), mostly MCS 9 or MCS 14

Recommendations for fixes
·  appears to be a safe low-hanging fruit fix:
· Almost always a better performance than  
· Fixes sporadic error floors (like MCS9 – 4RB)
· Pushes the maximum usable MCS index from 17 to 18.

·  is providing the best decoding performance when the first SC-FDMA symbol is punctured, but also yields a strong degradation in case of no puncturing. Maybe a better combining than the one used here could improve the performance (refer to Note#1).

· PSCCH is not studied in this document, but for consistency, we recommend to adopt the same channel interleaver scheme, after verification that the decoding performance is not affected.

· In conjunction to the above, we recommend building a V2X specific TBS/MCS mapping table, as opposed to re-using the table from PUSCH. This table will have an earlier switching point from QPSK to 16QAM for example, in order to avoid code-rates which are too close to 1, and eventually a different set of TBS.


image4.png
Sidelink Codeword decoding, BLER performance
algo: Crmux=10 (current 36.212 scheme)
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Sidelink Codeword decoding, BLER performance
NRB_3_MCS_10_TBS_504_ModType_2_1stSymbAGCpunct 1, code rate = 0.52099
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Sidelink Codeword decoding, BLER performance
NRB_3_MCS_18_TBS_1064_ModType_4_1stSymbAGCpunct 1, code rate = 0.84253
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—— Crmux=3 (RM for 9 DFT-OFDM symbols )
—— Crmux=10 (current 36.212 scheme)
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Sidelink Codeword decoding, BLER performance
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542  Sidelink shared channel

‘The processing of the sidelink shared channel follows the downlink shared channel according to section 5.3.2, with the
Sollowing differences:
- Data arrives to the coding unit in the form of a maximum of one transport block every transmission time interval
am
- Inthe step of code block concatenation, the sequence of coded bits corresponding to one transport block after

code block concatenation is referred to as one codeward in section 9.3.1 of [2].

- PUSCH interleaviag is applied according to sections 5.2.2.7 and 5.2 without any control information in order
to apply a time-first rather than frequency-first mapping, where C,,_ =2.(V:E,~1). For SL-SCH configured by

higher layers for V2X sideliak, C,._, =2-(ViE,, 2] is used.
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Sidelink Data Subframe, 1 ms = 14 SC-FDMA symbols
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