3GPP TSG RAN WG1 RAN1 #88 Meeting                                                  R1-1702735
Athens, Greece, 13th – 17th February 2017
Agenda Item: 8.1.4.2.1
Source: MediaTek Inc.
Title: Polar Code Size and Rate-Matching Design for NR Control Channels
Document for: Discussion and Decision

1. Overview
In RAN1 NR ad-hoc Spokane meeting [1], there define ranges for the maximal Polar mother code size for DL and UL control information: 
	Agreement:
· Maximum mother code size of Polar code, N=2n, is:
· 256 <= Nmax,DCI <=1024 for downlink control information
· 1024 <= Nmax,UCI <= 2048 for uplink control information
· Exact values to be revisited with the aim of agreeing at RAN1#88  



When the maximal Polar mother code size is constrained, repetition will be utilized when more code bits are required. For the case where the code bit length is smaller than the maximal mother code size, how to incorporate both puncturing and shortening schemes into a common implementation design is demanded. In this contribution, we will investigate the following:
· The maximal Polar mother code size by checking the limitation of code bit repetition
· Unified Polar code rate-matching design incorporating repetition, puncturing and shortening under a common implementation structure


2. Maximal Polar Mother Code Size
Defining the maximal Polar mother code size for NR control channels is necessary when evaluating the complexity and latency for control channel processing. In the previous contribution [2], there show a feasible design for a Polar decoder supporting mother code size of 1024 to realize similar complexity and latency as LTE PDCCH TBCC decoder. As the complexity and latency can be further improved via the advance of UE implementation, restriction on the maximal Polar mother code size should mainly base on performance consideration as well as forward compatibility.
In this section, we first investigate the limitation of the repetition scheme [3] so as to clarify the maximal Polar mother code size. Regarding the uncertainty in NR control channel aggregation level sizes as well as the forward compatibility, we consider a setting where the repetition scheme extensively repeats 3/4 of the mother code size. The repetition performance will be compared with the low rate puncturing design in [4] so that one can check the condition where repetition from a smaller mother code size can achieve confined performance loss. Specifically, Table 1 summarizes the simulation setting:





Table 1: Simulation setting to clarify the limitation of code bit repetition
	Coding scheme
	Baseline CRC-aided Polar code

	Information bit number
	16, 32, 48, 64, 80, 96, 112, 128

	CRC length
	20

	Coded bit number (denoted by M)
	112, 224, 448, 896

	Mother code size for repetition [3]
	64, 128, 256, 512

	Mother code size for puncturing [4]
	128, 256, 512, 1024

	Modulation type
	QPSK

	Channel type
	AWGN

	Decoding scheme
	CRC-aided SCL list-8



In Fig. 1, there compare the required SNR of the repetition scheme [3] and that of the low rate puncturing scheme with a larger mother code size [4]. The following can be obtained from Fig. 1:

Observation 1:  The performance loss by repetition w.r.t. low rate puncturing can be observed to be
· < 0.5 dB if the mother code rate < ~1/4
· < 0.25 dB if the mother code rate < ~1/8
· Larger loss with smaller code bit length

Observation 2:  For code bit length > 512 and DCI size <= 128, repetition from Polar mother code size of 512 bits could be considered. The performance loss is within 0.3 dB w.r.t. the puncturing scheme in [4].

Observation 3:  For code bit length <= 512, puncturing can outperform repetition by certain margins. 
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Fig. 1: Performance comparison between the repetition scheme [3] and the puncturing scheme [4] 
Although for code bit length <= 512 repetition could be acceptable with a small DCI size, e.g. 16 bits without CRC, switching between repetition and puncturing over the same code bit length (or CCE level) is not preferred as the corresponding Polar code decoding sizes are different. Decoder configuration switching as well as multi-codeword decoder sharing will require more efforts to realize and verify. Consequently, we have the following proposals: 

Proposal 1: For NR control channel, the maximal mother code sizes for DL and UL are suggested to be
· Nmax,DCI = 512 under the assumption DCI size is up to ~128 bits without CRC
· Nmax,UCI = 1024 under the assumption UCI size is up to ~200 bits without CRC
· Nmax, DCI/UCI should be revisited for if larger control information sizes are utilized.

Proposal 2: Repetition is used only when the code bit length is larger than the maximal Polar mother code size, and puncturing or shortening is used if the code bit length is smaller than the maximal size. 

3. Unified Polar Code Rate Matching Design
While proposal 2 suggests switching between repetition and puncturing, it remains to investigate if there exists a unified implementation that can efficiently realize the switching. In [4], there show two different puncturing designs for lower code rate and higher code rate settings, where the latter is also referred as shortening [5]. Then, how to realize the two different designs in a common structure is also demanded. This section is thus devoted for introducing a unified design that can realize repetition, puncturing and shortening over a common rearrangement buffer for Polar mother code output bits.
1 
2 
3 
A Common Implementation Structure
We first characterize the three rate-matching operations from a subblock-wise point of view. In Fig. 2, there provide illustrations with input and output both factored into 4 subblocks. Regarding the polarization structure in between, one can check the characteristics of the following operations:
(a) Puncturing and repetition: In this case, the mother code rate is not high so that most of the data bits are allocated in the input subblock I3. The related output subblocks B3, B2 and B1 should be transmitted so as to preserve the polarization gain. Since B3 is directly connected to I3, and B2 and B1 are assisting subblocks, B3 should be selected first, and B2 and B1 can be be evenly utilized if allowed for transmission.
(b) Shortening: In this case, mother code rate will be higher, and more input subblocks of better quality should be available for carrying more information bits. Since I3 will interfere other input subblocks the most, having the bits in I3 set to zero can reduce the interference to I2 and I1 and in turn improves their quality. Note that the resulting zero known bits in B3 can be discarded as receiver can exploit such a priori. In case B3 are all discarded, one can evenly set zero bits from the bottom of I2 and I1 and reduce their interference to I0. The corresponding zero known bits in B2 and B1 can also be evenly discarded.
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Fig. 2: Rate-matching operations viewed in subblock-wise processing

With the above subblock-wise characterization, Fig. 3 further shows a common rearrangement buffer design for Polar mother code output bits, where B2 and B1 are intentionally interlaced. Then, repetition, puncturing and shortening operations will differ only in the way accessing the common buffer. In particular, one can check:
· Repetition: Reading the rearrangement buffer from the bottom of B3 and circle back to B3 if the whole buffer is read out. Continue the circular reading until the targeted M bits are collected.
· Puncturing: Reading the rearrangement buffer from the bottom of B3 until a targeted amount of bits are selected. In Fig. 3, M = (5/8) N, and (3/8) N of the mother code output bits will not be transmitted.
· Shortening: Reading the rearrangement buffer after skipping N-M bits from the bottom of B3. In Fig. 3, (3/8) N of the known zero bits are skipped and the remaining (5/8) N mother code output bits are selected for transmission.
For the unified rate-matching design, repetition is applied when the number of coded bits is larger than the maximum Polar mother code size Nmax. Otherwise, either puncturing or shortening is applied according to the mother code rate. In the simulations of the next subsection, we all apply puncturing for mother code rate <= 1/2 and shortening when mother code rate > 1/2.
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Fig. 3: A unified rate-matching design for Polar code

Performance Examination
In order for a unified rate-matching design, the repetition and shortening schemes no longer follow the designs in [3] and [5], respectively. To examine the performance, simulations are conducted to compare with the schemes in [3] and [5]. The specific setting are summarized in Table 2 below:

Table 2: Simulation setting to compare different rate-matching schemes
	Coding scheme
	Baseline CRC-aided Polar Code

	Information bit length
	16, 32, 48, 64, 80, 96, 112, 128

	CRC length
	20

	Coded bit number, M
	80, 96, 112, 288, 320, 384, 448, 576, 640, 768

	Maximal Polar mother code size, Nmax
	512

	Rate-matching schemes
	Repetition [3] or shortening [5] v.s. proposed unified design

	Modulation type
	QPSK

	Channel type
	AWGN

	Decoding scheme
	CRC-aided SCL list-8



In Fig. 4, the mother code size is 128, and the unified design switches to shortening mode when informaiton bit length >= 64 and puncturing mode when information bit length <= 48. One can observed that the unified design can provide up to 0.5 dB better performance for the low code rate settings. In Fig. 5, the mother code size is 512, and only puncturing mode is applied in the unified design. There exhibits wider range for the unified design to outperferm the shortening design. Finally, in Fig. 6, repeition mode will be used since M > Nmax = 512. When the repetition amount is not large, the unified design behaves the same as the design in [3]. However, when the repetition amount reaches Nmax / 2, the unified design bahaves differently and can realize 0.5 dB gain over the repeition scheme in [3]. In summary, we have:

Observation 4: The suggested unified rate-matching design can achieve competitive to better performance than the repetition design [3] and the shortening design [5] while accommodating a common implementation structure capable of all repetition, puncturing and shortening operations.

Proposal 3: Efficient and effective rate-matching design that unifies repetition, puncturing and shortening schemes should be considered for NR control channels with Polar code.
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Fig. 4: Performance comparison between the shortening design [5] and the unified one for smaller M
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Fig. 5: Performance comparison between the shortening design [5] and the unified one for larger M

[image: ]
Fig. 6: Performance comparison between the repetition design [3] and the unified one

4. Summary
In this contribution, the maximal Polar mother code size and a unified rate-matching design are investigated. In particular, we have

Observation 1:  The performance loss by repetition w.r.t. low rate puncturing can be observed to be
· < 0.5 dB if the mother code rate < ~1/4
· < 0.25 dB if the mother code rate < ~1/8
· Larger loss with smaller code bit length

Observation 2:  For code bit length > 512 and DCI size <= 128, repetition from Polar mother code size of 512 bits could be considered. The performance loss is within 0.3 dB w.r.t. the puncturing scheme in [4].

Observation 3:  For code bit length <= 512, puncturing can outperform repetition by certain margins. 

Proposal 1: For NR control channel, the maximal mother code sizes for DL and UL are suggested to be
· Nmax,DCI = 512 under the assumption DCI size is up to ~128 bits without CRC
· Nmax,UCI = 1024 under the assumption UCI size is up to ~200 bits without CRC
· Nmax, DCI/UCI should be revisited for if larger control information sizes are utilized.

Proposal 2: Repetition is used only when the code bit length is larger than the maximal Polar mother code size, and puncturing or shortening is used if the code bit length is smaller than the maximal size. 
[bookmark: _GoBack]Observation 4: The suggested unified rate-matching design can achieve competitive to better performance than the repetition design [3] and the shortening design [5] while accommodating a common implementation structure capable of all repetition, puncturing and shortening operations.

Proposal 3: Efficient and effective rate-matching design that unifies repetition, puncturing and shortening schemes should be considered for NR control channels with Polar code.
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