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1. Introduction

In RAN1#88bis meeting, the following agreements were achieved ‎[1]:
Agreements:
· K=1 (if channel coding is applied):

· Repetition code

· K=2 (if channel coding is applied):

· Simplex code

· 3<=K<=11:

· LTE RM code

· Note that if NR requires a codeword size N that is not supported by the LTE RM code, then the LTE RM code will be extended by repetition as in LTE

· 12<=K:

· Polar code (single design for all control information sizes, except for possible omission of CRC bits for payloads <= ~22 bits)

NOTE: K is the number of un-coded bits.

In this document we describe an overlooked problem regarding to LTE-RM code.

RM codes are used in NR for very small block lengths without error detection code. In this document we discuss about the decoding ambiguity derived from RM codeword puncturing when the available amount of PHY resource elements is limited. As a result the link performance may be decreased.
Furthermore, since RM codes are mainly used for UL control (reports of HARQ-ACK, CQI/PMI and RI), the decoding reliability is very important for the link adaptation which eventually improves the overall network performance. The penalty of not solving this decoding ambiguity would be link degradation and/or scheduling limitations.

2. Discussion

It was agreed that when NR requires a codeword size N that is not supported by the LTE RM code, then the LTE RM codeword will be extended by repetition as in LTE. In LTE the extension by repetition is a circular buffer rate matching with puncturing. And for the case where PHY resources are limited (e.g., N < 20 or 32), a similar practice takes place and the RM codeword is punctured (truncated at the end).

Such puncturing may lead to a decoding ambiguity of LTE-RM code that severely degrades the BLER performance (BLER floor of 0.5 or 0.75).
Simulation results of all possible codewords with K uncoded bits and N coded bits, without any noise added and thus perfect decoding is expected, are given in the table below showing the high BLER in the relevant cases; weak decoding ratio gives the number of more than one peak occurrences divided by the overall number of test, separately for the first and second order stages (weak decoding ratio of 1 means in all tests more than one peak was detected, and 0 means no multiple peaks were detected).
|       ||                  weak decoding ratio  ||

| K | N || BLER          | 1st order | 2nd order ||

|  6|  7||           0.50|       1.00|       0.00||

|  6|  8||           0.50|       1.00|       0.00||

|  7|  8||           0.50|       1.00|       0.00||

|  6|  9||           0.50|       1.00|       0.00||

|  7|  9||           0.50|       1.00|       0.00||

|  8|  9||           0.50|       1.00|       0.00||

|  6| 10||           0.50|       1.00|       0.00||

|  7| 10||           0.50|       1.00|       0.00||

|  8| 10||           0.50|       1.00|       0.00||

|  9| 10||           0.50|       1.00|       0.00||

| 11| 12||           0.50|       0.00|       1.00||

| 11| 13||           0.50|       0.00|       1.00||

| 11| 14||           0.50|       0.00|       1.00||

| 11| 15||           0.50|       0.00|       1.00||

| 11| 16||           0.50|       0.00|       1.00||

Observation 1: With LTE-RM code, harsh puncturing may lead to decoding ambiguity.
Decoding ambiguity happens when there is more than a single peak in the ML decoding process, either for the first order correlation (i.e. several peak indices) and/or for the second order selection of highest peak amongst all possible masks (i.e. several mask indices). With the absent of an error detection code there is no way knowing which peak is the correct peak.
In order to avoid such decoding ambiguity in NR we should either provide another coding scheme or the NR scheduler should consider a workaround; such workaround may lead to an overhead in the NR scheduler and if not carefully designed, it may miss some scenarios.
LTE example with decoding ambiguity
When UCI are multiplexed with UL-SCH on PUSCH, the amount of PHY resource elements (REs) for the RI report transmissions are calculated according to section 5.2.2.6 in ‎[2]:
QRI = Qm*min{ ceil( O*MPUSCH-initialsc*NPUSCH-initialsymb*βRIoffset / sum{Kr; r = 0,…,C-1} ) , 4*MPUSCHsc }
Where Qm is the modulation order of a given TB; O = K is the number of RI bits; MPUSCHsc is the scheduled bandwidth for PUSCH transmission and MPUSCH-initialsc for the initial transmission for the same TB;  NPUSCH-initialsymb is the number of SC-FDMA symbols per subframe for initial PUSCH transmission for the same TB, respectively, given by NPUSCH-initialsymb = (2(NULsymb - 1) - NSRS) where NSRS is the SRS indication (0 or 1); C and Kr are obtained according section 5.2.2.2 in ‎[2] for the TB code-block (CB) segmentation and CRC attachment C = ceil( TBS / (Z - L) ) where Z = 6144 and L = 24; and Dr = Kr + 4 is the number of bits for CB number r (6144 maximal CB size, 24-bits CRC, 4 for the tail biting) and TBS is determined according to MPUSCHRB; βRIoffset is determined according to Table 8.6.3-2 in ‎[3].
For the case of carrier aggregation (CA) the RI reports are concatenated K = sum{log2(NL,DL_CCi)} where NL,DL_CCi is the number of DL layers for the i-th component carrier (CC), and N = NL,UL*QRI is the calculated amount of PHY REs for the RI report transmission. For the case when only one transport block (TB) is transmitted in the PUSCH there are many configurations in which (K,N) lead to the aforementioned LTE-RM decoding ambiguity, among them:

	K
	N
	Qm
	NULsymb
	NSRS
	βRIoffset
	NL,DL_CC
	MPUSCHRB
	TBS
	TB code rate

	6
	10
	2
	6
	1
	2.5
	4, 4, 4
	1
	328
	0.63

	11
	16
	2
	7
	1
	1.625
	4, 4, 4, 4, 8
	1
	328
	0.76

	6
	10
	2
	7
	1
	2.0
	2, 2, 4, 4
	1
	328
	0.77

	11
	12
	6
	6
	1
	1.25
	2, 4, 4, 8, 8
	5
	3752
	0.86


These specific configurations practically cannot be avoided without causing the eNB scheduler too many efforts and/or limitations (e.g., no UCIs interleaved on PUSCH).

Since the last reported RI acts a main role in the following UCI reports’ length, for example the tables in sections 5.2.3.3.1 and 5.2.3.3.2 in ‎[2] for wideband and sub-band reports consider the last reported RI to calculate the amount of bits in a report, the decoding failure of current RI report would affect also the reception of more reports to come; meaning after an RI decoding failure the eNB’s attempts to decode the next CSI reports are bound to fail, and also the TBs interleaved with those CSI reports would fail (since the PHY REs would not be correctly calculated).

Although this problem is not very frequent in LTE (only RI reports on PUSCH in case of CA, and probably 1 UL CC to force the limitation in UL resource), it may happen more frequently in NR because of more UCI traffic due to more DL throughput, more CA scenarios and URLLC pre-emption limiting the UL resource. 

In another aspect, resolving this decoding ambiguity would allow the support of higher coding rates and higher spectral efficiency for the very small block lengths in NR.
For example, in LTE PUCCH format 3 a combined codeword of 48 bits is allocated and two interleaved RM encoders are used to support 11 < K <= 21 (K/2 bits per codeword). Each encoder produces 32 bits codeword and each codeword is then truncated to 24 bits. For a codeword size of 24 bits there is no decoding ambiguity, however for 16 bits we do have it. With resolving the decoding ambiguity, PUCCH3-like scheme of multiple RM encoders can be extended to three codewords of 16 bits each and support up to K = 39 bits (K/3 bits per codeword) with a higher code rate (for higher spectral efficiency).

To summarize, when the available amount of PHY resource elements is limited and the RM codeword is therefore punctured, we observed RM decoding ambiguity which we propose to either solve it within the code scheme or workaround it; we prefer the former for a simpler NR scheduler.
Proposal 1: RAN1 should consider resolving the decoding ambiguity of LTE-RM code.

3. Conclusion

In this contribution we provide an overview of LTE-RM decoding ambiguity for NR to deal with. 

Observation 1: With LTE-RM code, harsh puncturing may lead to decoding ambiguity.
Proposal 1: RAN1 should consider resolving the decoding ambiguity of LTE-RM code.
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