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We have identified a remaining open issue related to physical uplink channel and UCI transmission which are listed in the following:
· Filler bits for UCI on PUSCH rate matching

In this contribution, we discuss our view and propose solutions to resolve this issue.
Discussion
Filler bits for UCI on PUSCH rate matching
When UCI is multiplexed on PUSCH, since the TBS is determined from target rate in the MCS table, the beta factor is used to change rates due to multiplexing UCI on PUSCH as compared to the target rate obtained from MCS table. Hence, the number of bits in the formula should only include the information and CRC bits. We have noticed that in 38.212, section 6.3.2.4.1, the denominator sum_Kr includes the LDPC filler bits (according to definition of Kr in 5.2.2) which seems to be wrong.

Let’s K’r denotes the number of information and CRC bits, excluding the LDPC filler bits. The ratio K’r / Kr determines that when using the formula in the specification for rate matching and a certain beta factor, the actual rate of for rate matching of the UCI will be off by a factor of K’r / Kr  when using the rate matching formula in the specification. 
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[bookmark: _Ref528983191]Figure 1: K’r / Kr  versus TBS size for base-graph 1 (upper plot) and base-graph 2 (lower plot). 
Figure 1 shows this ratio for BG1 and BG2. We see that the impact is larger in the case of BG2 which is used for rates up to 0.67 for TBS below < 3824 bits. The actual rate for rate matching excluding the filler bits can be off by 0.8 of the rate obtained by including the LDPC filler bits for TBS of around 500 ~ 600 bits.

The actual rate for rate matching excluding the filler bits can be off by 0.8 of the rate obtained by including the LDPC filler bits for TBS sizes of 500 ~ 600 bits.

To analyze the actual impact, we use the IP packet size statistics that were collected in December 2015 in a live LTE network. The IP packet sizes include the IP packet header, but no PDCP, RLC or MAC headers. 
Figure 2 shows a histogram over how frequent the different uplink packet sizes occur in a real LTE network. The packet sizes are given in bytes and include the IP header. From the CDF in Figure 3, we see that the number of short packets is much higher. The statistics show that 80% of packets in UL are smaller than ~65 bytes, about 520 bits.
The statistics show that 80% of packets in UL are smaller than ~65 bytes (or 520 bits).
Including filler bits has a substantial impact in inefficient usages of UL resources for UCI transmission on PUSCH.
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[bookmark: _Ref528984430]Figure 2: CDF over packet sizes in uplink.
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[bookmark: _Ref528984447]Figure 3: Zooming in in the CDF over packet sizes in uplink.
Therefore, based on the above observation, we propose to the following to correctly calculate the UCI on PUSCH rate matching by excluding the LDPC filler bits.


In TS 38.212, add a notation K’r = K’ for the number of bits for the code block number excluding filler bits in section 5.2.2. Change Kr to K’r in calculation of Q’ACK, Q’CSI-1, and Q’CSI-2 in sections 6.3.2.4.1.1, 6.3.2.4.1.2, and 6.3.2.4.1.3 respectively.
· Corresponding TP is provided in the companion draft CR “R1-1813471 Draft CR to TS 38.212 on UCI on PUSCH rate matching”.
Conclusion
In this contribution, we discussed the motivations to resolve the open issue related to physical uplink channel and UCI transmission where the LDPC filler bits are included for UCI on PUSCH rate matching and provided the following observations and proposal.
 

1. The actual rate for rate matching excluding the filler bits can be off by 0.8 of the rate obtained by including the LDPC filler bits for TBS sizes of 500 ~ 600 bits.
The statistics show that 80% of packets in UL are smaller than ~65 bytes (or 520 bits).
Including filler bits has a substantial impact in inefficient usages of UL resources for UCI transmission on PUSCH.
1. 
In TS 38.212, add a notation K’r = K’ for the number of bits for the code block number excluding filler bits in section 5.2.2. Change Kr to K’r in calculation of Q’ACK, Q’CSI-1, and Q’CSI-2 in sections 6.3.2.4.1.1, 6.3.2.4.1.2, and 6.3.2.4.1.3 respectively.
· Corresponding TP is provided in the companion draft CR “R1-1813471 Draft CR to TS 38.212 on UCI on PUSCH rate matching”.
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