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1. Introduction
In RAN1 #88ad-hoc meeting, following agreements were made [1]:
	Agreement: 
· Built-in puncturing of systematic bits is supported for LDPC coding, that is:
· At least for the initial transmission, the coded bits are taken after skipping the first Nsys,punct  systematic bits 
· Nsys,punct is selected from: 0, Z, and 2*Z
· The rate matching for LDPC code is circular buffer based (same concept as in LTE)
· The circular buffer is filled with an ordered sequence of systematic bits and parity bits
· FFS: Order of the bits in the circular buffer
· For IR-HARQ, each Redundancy Version (RV), RVi, is assigned a starting bit location Si on the circular buffer
· For IR retransmission of RVi, the coded bits are read out sequentially from the circular buffer, starting with the bit location Si
· Limited buffer rate matching (LBRM) is supported
Agreement:
· Base graph for supporting Kmax has minimum code rate Rmin,kmax = ~1/3 
· ‘~’ means approximately
· This does not preclude extending the same base graph to code rate lower than ~1/3 when supporting K<Kmax, provided that the number of variable nodes (after lifting) of any parity check matrix, Nmax, is not exceeded, where:
· Nmax = Kmax / Rmin,kmax + Nsys,punct
· Nsys,punct is the number of built-in punctured systematic bits
· Base graph for any info block sizes K has
· Rmin,k >= ~1/5, provided that Nmax is not exceeded
Agreement:
· Shortening is applied before LDPC encoding when necessary
· Working assumption: Filler bits F are attached at the end of info block B to form vector U = [B F] 
· Can be verified at RAN1#88
· Vector U is the input to LDPC encoding
· The filler bits F are not transmitted


In this contribution, we discuss on rate matching with LDPC code for eMBB data channel.
2. Discussion of basic coding chain
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Figure 1. Basic channel coding chain with LDPC code
Code block segmentation: If TBS is larger than maximum LDPC information size, code block segmentation is necessary.
CB-CRC attachment: Like-LTE turbo code, CB-level CRCs are attached for early stop.
Zero-padding: Zero-padding operation is necessary to make LDPC information for encoding.
Rate-matching: After LDPC encoding, rate-matching is necessary to support HARQ. As agreed in previous meeting, circular buffer operation with Redundancy-Version (RV) is required.
Interleaving: The interleaving could be accepted if the gain of performance is verified with small cost.
As it is shown in Figure1, the coding chain of NR is similar to that of LTE-turbo.
3. Rate matching with LDPC code
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Figure 2. Example of circular buffer operation with systematic puncturing
First of all, we want to specify the circular buffer operation. As agreed from previous RAN1 meeting, the maximum circular buffer size is defined as Nmax supporting maximum LDPC information size with code rate 1/3 [1].
It is considered two-scheme of circular buffer operation when writing LDPC encoded bits into circular buffer, Case a) and b). In case of Case a), if we skip the zero-padded bits in storing LDPC encoded bits, more parity bits can be stored in circular buffer as much as zero-padded bits. It leads to that the entire code rate would be lower, which provide better performance in IR-HARQ (Parity1 is larger than Parity2 at Figure2). In case of Case b), it may be beneficial in implementation perspective sine LDPC decoder would be usually be performed in the unit of lifting, Then Case b) may make LDPC decoder implantation more efficient than Case a). 
Proposal 1: When writing LDPC encoded bit into circular buffer, further investigation is needed whether zero-padding bits are included in the circular buffer or not.
4. Retransmission scheme with different RV sets
Unlike LTE-turbo code, LDPC code with sequential transmission keeps stable performance as it was designed. But in order to provide stable IR-HARQ with sequential transmission, more RVs are required. 3-RV schemes are evaluate to confirm the performance differences with different RV schemes referring to figure 3.
Scheme-1: Sequential transmission
Scheme-2: Non-overlapped RV - parity jumping may happen to retransmission
Scheme-3: Overlapped RV – some bits are repeated in retransmission
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Figure 3. Example of RV schemes for IR-HARQ
We evaluated the performance of above schemes with following parameters in Table1:
Table 1. Evaluation assumptions
	Channel
	AWGN

	LDPC code
	[2]

	Modulation
	QPSK

	1st transmission rate
	8/9, 5/6, 3/4

	Total transmission rate with 2nd transmission
	4/9, 5/12, 3/8

	Code block size
	2048
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Figure 4. BLKER Performance for r=8/9
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Figure 5. BLKER Performance for r=5/6
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Figure 6. BLKER Performance for r=3/4
From figure 4 to 6, we can see that sequential transmission shows the best performance but Scheme-2 shows comparable performance to sequential transmission of Scheme-1, with around 0.25dB gap. And also, in order to provide sequential transmission, more RV signalling is necessary. Therefore, the signalling overhead should be carefully considered for finer RV sets.
Observation 1: Sequential transmission (Scheme-1) shows the best performance. But Scheme-2 shows comparable performance with Scheme-1.
Proposal 2: 4RV set like LTE-turbo is sufficient for IR-HARQ. But to guarantee more stable HARQ performance, 8RV set is acceptable if one bit more signalling is allowed.
5. Conclusion
In this contribution, we have the following observation and proposals:
Observation 1: Sequential transmission (Scheme-1) shows the best performance. But Scheme-2 shows comparable performance with Scheme-1.
Proposal 1: When writing LDPC encoded bit into circular buffer, further investigation is needed whether zero-padding bits are included in the circular buffer or not.
[bookmark: _GoBack]Proposal 2: 4RV set like LTE-turbo is sufficient for IR-HARQ. But to guarantee more stable HARQ performance, 8RV set is acceptable if one bit more signalling is allowed.
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