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1 Introduction

In Rel-15 NR, basic support for low latency and high reliability communication was introduced. To support new use cases with higher requirements as well as improvement of Rel-15 enabled use cases, a new Rel-16 SI on enhancement of Rel-15 URLLC has been approved in June 2018 [1]. For example, the requirements of higher reliability up to 1E-6 level is targeted. This contribution discusses the impact and improvement on reliability of PUSCH when UCI piggybacks on PUSCH. 
This is a revised submission of R1-1806123. 
2 Discussion
UCI is carried by PUSCH when PUSCH and PUCCH overlap. Such UCI piggyback decreases the REs for UL-SCH data and has a negative impact on the reliability of UL-SCH data. Compared to eMBB type UL-SCH data, the impact gets larger for URLLC type UL-SCH data due to limited times of potential retransmission. Occupied REs by UCI piggyback should be adaptively adjusted depending on the type of data to support URLLC and eMBB simultaneously from the UE perspective. As shown in the appendix, with small UCI size and beta-offset, BLER of 10^{-5} can be achieved by one-shot transmission without significant increase of required SNR. As the UCI size and beta-offset increase, the BLER performance of UL-SCH degrade. In fact, for the low SNR region, a large beta-offset is needed to guarantee the reliability of UCI. That causes very large negative impact on the reliability of PUSCH. 
Observation 1: To efficiently support URLLC and eMBB simultaneously from the UE perspective, occupied REs by UCI piggyback should be adaptively adjusted depending on the type of UL-SCH data.
In Rel-15 NR, in addition to the LTE-compatible 64QAM MCS tables, 64QAM MCS tables including lower MCS are also introduced for targeting high reliability up to 1E-5 level. Depending on RRC configuration, either RNTI or search space can be used for indicating whether a 64QAM MCS table for high reliability is used for PUSCH/PDSCH. This 64QAM MCS table for high reliability can be indicated by DCI format 0_1 as well as 0_0. Beta_offset indicator optionally configured in DCI format 0_1 can be leveraged to reduce the number of occupied REs when needed. However, DCI format 0_1 has a larger size than 0_0. As Rel-16 URLLC targets to support higher reliability than Rel-15 URLLC, the reliability of PDCCH also need to be enhanced.  One basic approach is to introduce compact DCI. Similar to DCI format 0_0, this compact DCI may not afford the field of beta_offset indicator. Thus, further study is needed to guarantee the reliability of PUSCH considering UCI piggyback.
Observation 2: Explicit indication on beta_offset by DCI can enhance the reliability of PUSCH but has a negative impact on the reliability of PDCCH. 
Proposal 1:
Study how to improve the reliability of UCI piggybacked PUSCH and corresponding PDCCH.
3 Conclusions
In this contribution, we discussed the impact and improvement on reliability of PUSCH when UCI piggybacks on PUSCH. The observations and proposals are summarized as follows,
Observation 1: To efficiently support URLLC and eMBB simultaneously from the UE perspective, occupied REs by UCI piggyback should be adaptively adjusted depending on the type of UL-SCH data.
Observation 2: Explicit indication on beta_offset by DCI can enhance the reliability of PUSCH but has a negative impact on the reliability of PDCCH. 

Proposal 1:
Study how to improve the reliability of UCI piggybacked PUSCH and corresponding PDCCH.
Appendix: Simulation results on the impact on PUSCH by UCI piggyback
Table 1 Simulation setup

	Parameters
	Value

	Carrier frequency
	4GHz

	Subcarrier spacing
	30kHz

	Channel model
	TDL-B (Delay spread = 300ns)

	Channel estimation
	Real, MMSE

	Antenna configuration
	Tx 1, Rx 2

	Packet size
	32 bytes

	MCS for PUSCH
	#0, #4, #8 in Table 5.1.3.1-1 in TS38.214 

	DMRS mapping
	PUSCH mapping type B, configuration type 1

	Number of UCIs
	2, 12, 24
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Figure 1:  BLER curves of PUSCH piggybacking 2 bit UCIs
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Figure 2:  BLER curves of PUSCH piggybacking 12 bit UCIs
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Figure 3:  BLER curves of PUSCH piggybacking 24 bit UCIs
The results of Link Level Simulation on UCI piggyback are shown in Figure 1, 2 and 3. From the viewpoint of URLLC data, the impact by UCI piggyback is simulated at BLER of 10^{-4} and 10^{-5}. As defined in TS38.212 [2], the number of occupied REs is in direct proportion to the UCI size and beta-offset unless it reaches the upper limit. It can be seen that the BLER performance of PUSCH degrades as the UCI size and beta-offset increase. For example, when UCI size = 2 bits and beta-offset = 1, the degradation of MCS#0 is less than 0.5dB. When UCI size = 24 bits and beta-offset = 4, the degradation of MCS#0 is almost 3.0 dB. 
For all the simulated case, we also checked the BLER performance of UCI part. Basically, upon the SNR that PUSCH can achieve BLER of 10^{-5} with a certain MCS, the BLERs of UCI are less than 10^{-3} and 10^{-5} when beta-offset =1 and 2 respectively. That means, upon the relative high SNR region, once the gNB selects a proper MCS for PUSCH, the required reliability for UCI, which includes HARQ-ACK for DL URLLC data, can be met with small beta-offset. However, for the low SNR region, a higher beta-offset is needed to guarantee the reliability of UCI. According to TS38.331 [3], the default value of beta-offset for HARQ-ACK is 20. That causes very large negative impact on the reliability of PUSCH. Proper UCI dropping rules are needed to guarantee the reliability of PUSCH, especially non-slot based transmission for URLLC. In addition, different sets of beta-offset value may be used for UCI for eMBB and URLLC to efficiently meet the requirement for each service.
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