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Introduction
In RAN#88b, the following agreement has been made regarding the Polar decode design:
· J CRC bits are provided (which may be used for error detection and may also be used to assist decoding and potentially for early termination)
· J may be different in DL and UL
· J may depend on the payload size in the UL (0 not precluded)
· In addition, J’ assistance bits are provided in reliable locations (which may be used to assist decoding and potentially for early termination)
· J + J’ <= the number of bits required to satisfy the FAR target (nFAR) + 6
· Working assumption: 
· For DL, nFAR = 16 (at least for eMBB-related DCI)
· For UL, nFAR = 8 or 16 (at least for eMBB-related UCI; note that this applies for UL cases with CRC)
· J’>0
· Working assumption: J”<=2 additional assistance bits are provided in unreliable locations (which may be used to assist decoding and potentially for early termination)
· Can be revisited in RAN1#89 if significant benefit is shown from a larger value of J” without undue complexity – companies are encouraged to additionally evaluate J”=8
· The J’ (and J” if any) bits may be CRC and/or PC and/or hash bits (downscope if possible)
· Placement of the J, J’ (and J” if any) assistance bits is FFS after the study of early termination techniques
· Appended?
· Distributed?
· evenly?
· unevenly? 

· 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)

Here we discuss this in the context of physical layer channel design
Discussion
 Multi-bits ACK bits for self-contained transmission
When we have multiple ACK bits with CBG-based re-transmission together with self-contained transmission, we need to consider the impact on UE and eNB timeline. With frequency first resource mapping, the first CBs will be decoded earlier. If we have only 1 symbol of short burst, all ACK bits may be encoded jointly. If we have 2-symbol UL short burst, we may transmit the first part of the ACK bits in the 1st short PUCCH symbol and the last part of the ACK bits in the second short PUCCH symbol. With this kind of transmission, the ACK bits in 1st symbol will be encoded separately from the remaining ACK bits. Since the 2nd symbol will have tight time line for UE transmission as well as for eNB receiving and scheduling, it’s therefore desirable to put a payload as small as possible in the second symbol, e.g., 1 or 2 bits only as illustrated in the following figure. We have more discussion in [4]. We therefore make the following proposal:
Proposal 1: Allow multiple bits ACKs for self-contained transmission to be split into two portions with at least the first portion encoded separately from the second portion. 
· The second portion may only contain 1 or 2 bits 

[image: ]
Figure 1. multi-bits ACK for self contained transmissions with 2 short PUCCH symbols

On Nmax,UCI

Although, Nmax,UCI =1024 may put some limitations on the code design with support for larger payloads, it is important to put this into the proper context. A more detailed discussion is provided in [1], and we summarize some important points below.

Observation 1:

· The essential content of UCI needs to be considered as it has important implications on the effective coverage allowed for the link.
· This scaling of UCI needs to be considered carefully in the context of the number of CCs (which is already agreed to be less than LTE, and the actual number of CC may be smaller given agreements on maximum CC bandwidth. 
· If larger payloads are needed by the MAC layer, PUSCH should be considered first since that will be better optimized for larger payloads (e.g., support for more efficient DMRS, modulation order, modulation order mapping, etc.). Moreover, it should be determined whether these actually constitute essential UCI.

It is equally important to understand the hardware implications when there is redundant design. Nominally, PUSCH could be optimized for higher payloads with better spectral efficiency and link budget. At the same time, having redundant set of requirements for a larger PUCCH could unnecessarily complicate hardware implementations since there may be duplication of requirements and thus hardware components. 
Moreover, as was studied extensively at RAN1 #87, as illustrated in the contribution [2], there can be crossover points where the LDPC data channel code can start to exceed the ability of the Polar code, as shown in Figure 1. Recall this was the reason for adoption of single LDPC code for the data channel. Therefore, it is important not to duplicate the abilities with excessive decoder hardware, just as we would prefer not to duplicate the requirements of the physical layer channels. 
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[bookmark: _Ref466073276]Figure 1. Small packet performance of LDPC and Polar Codes (taken from [2])

There may also be negative energy efficiency aspects, as reported in hardware implementation analysis of [3]. A table below is reproduced from this reference for illustration.

[bookmark: _Ref471731152]Table 1 Energy efficiency per information bit for L = 32 polar list decoders compared to LDPC (from [3]) 
	Code length (N)
	1024
	2048
	4096
	8192

	Number of info. bits (K)
	910
	1024
	1024
	1024

	Code rate
	8/9
	1/2
	1/4
	1/8

	Polar energy  efficiency (normalized to LDPC)
	52.9x
	16.3x
	8.2x
	3.6x



Observation 2:
· Inefficiencies can arise from over-design and duplication of requirements across physical layer channels

From these observations, we have the following conclusions.
Proposal 2: Nmax,UCI =1024 (acceptance of working assumption from RAN1 #88)

In case where larger payload are needed for MAC layer operation, i.e., information not in the agreed UCI, e.g., 600 bits, we might consider transmitting this payload on PUSCH as discussed in [4], or may alternatively adding code block segmentation similar to PUSCH so that each CB is within the range of Nmax,UCI =1024 for Polar code. We therefore make the following proposal:
 Proposal 3: Consider code block segmentation of Polar code for large UCI.

Conclusions
Proposal 1: Allow multiple bits ACKs for self-contained transmission to be split into two portions with at least the first portion encoded separately from the second portion. 
· The second portion may only contain 1 or 2 bits 

Observation 1:

· The essential content of UCI needs to be considered as it has important implications on the effective coverage allowed for the link.
· This scaling of UCI needs to be considered carefully in the context of the number of CCs (which is already agreed to be less than LTE, and the actual number of CC may be smaller given agreements on maximum CC bandwidth. 
· If larger payloads are needed by the MAC layer, PUSCH should be considered first since that will be better optimized for larger payloads (e.g., support for more efficient DMRS, modulation order, modulation order mapping, etc.). Moreover, it should be determined whether these actually constitute essential UCI.

Observation 2:
· Inefficiencies can arise from over-design and duplication of requirements across physical layer channels

Proposal 2: Nmax,UCI =1024 (acceptance of working assumption from RAN1 #88)

Proposal 3: Consider code block segmentation of Polar code for large UCI.
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