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1 Introduction

This contribution discusses UCI piggyback on PUSCH with URLLC data based on the simulation results. This is a revised submission of R1-1803945. 
The following agreements made in RAN1#92b [1] relate to this issue.
Agreements:

· To confirm the following working assumption:

·  (working assumption) At most 4 different DCI sizes are monitored by the UE per slot

· At most 3 different DCI sizes are monitored per C-RNTI per slot

Working assumption:

· When single-slot PUCCH overlaps with single-slot PUCCH or single-slot PUSCH in slot n for a PUCCH group,

· The UE multiplex all UCIs on either one PUCCH or one PUSCH, using the existing UCI multiplexing rule, if both following conditions are satisfied:

· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than symbol N1+X after the last symbol of PDSCH(s) 

· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than N2+Y after the last symbol of PDCCHs scheduling UL transmissions including HARQ-ACK and PUSCH (if applicable) for slot n

· If at least one pair of overlapping channels does not meet the above timeline requirements, UE consider it is an error case for all UL channels in the group of overlapping channels. UE behavior is not specified. 

· The definition of N1 and N2 follows the same definition in current NR spec. 

· X and Y are non-negative integer values.

· FFS on values of X and Y 

· FFS on timeline requirement for multiplexing UCIs on PUSCH with A-CSI. 

· FFS how to handle one PUCCH overlap with multiple PUSCHs which satisfy timeline requirement.

· FFS: how to handle HARQ-ACK for semi-static PDSCH.

· FFS multiplexing rule when AN PUCCH resource with F1 overlaps with SR PUCCH resource with F0.

· FFS: how to handle semi-statically configured PUCCH overlap with semi-statically configured PUCCH or PUSCH.

· Note: The above proposal does not override the dropping rules defined for ACK/SR colliding with A-CSI-only on PUSCH without UL-SCH, or ACK/SR colliding with SP-CSI on PUSCH without UL-SCH. 

· Note: Consider how to handle PUCCH colliding with other UL channels in NR Rel. 15 June drop when URLLC is taking into account.

Agreements:

· The two BLER targets that are configurable for URLLC for CSI reporting are:

· Option B. (10-1, 10-5)

· Note: The definition of the test case for the BLER target of 10-5 should take into account channel and interference variations and estimation errors.

Conclusion:

· There is no consensus in Rel-15 to support:

· Defining a new DCI format(s) that has a smaller DCI payload size than DCI format 0-0 and DCI format 1-0 unicast data, and/or 

· For a given carrier, PDCCH repetitions over same or multiple PDCCH monitoring occasion(s) of the same or multiple CORESET and search space

2 Discussion
UCI piggyback decreases the REs for UL-SCH data and has a negative impact on its reliability. 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 NR Rel-15 early drop, there are no special handling of UCI for URLLC. Beta_offset indicator which can be configured in DCI format 0_1 can be used to adaptively change the number of occupied REs depending on the type of data on PUSCH. In RAN1#92bis, it is concluded that Rel-15 does not support compact DCI for URLLC. However, DCI for URLLC still need to be as small as possible from the viewpoint of reliability of PDCCH. Therefore, two options can be considered for the application of beta_offset and the DCI format to support URLLC and eMBB simultaneously from the UE perspective. Option 1 is to define a new DCI format 0_x whose size is equal to that of DCI format 0_0. Beta_offset indicator can be included in this DCI format 0_x. To avoid any change on existing DCI format 0_0/1_0 such as introducing an additional identifier in these DCI formats, it is needed to differentiate PDCCH for URLLC and eMBB to support URLLC and eMBB simultaneously from the UE perspective. One simple solution for this differentiation is to assign unique RNTI /CORESET /Search space for PDCCH for URLLC. Then, option 2 is to configure by RRC different sets of beta_offset value for PDCCH for URLLC and eMBB respectively. Similar to option 1, option 2 also requires some mechanisms to differentiate PDCCH for URLLC and eMBB. 
Observation 2:
The number of occupied REs by UCI piggyback can be adjusted by leveraging either of the following options,

· Option 1. Define a new DCI format 0_x which has same size with DCI format 0_0 and has a field for beta_offset indicator.
· Option 2. Support separate RRC configurations of beta_offset for URLLC and eMBB respectively.
Some mechanisms, e.g. using different RNTI/CORESET/Search Space for PDCCH for URLLC and eMBB, are needed to differentiate explicitly PDCCH for URLLC and eMBB.
On the other hand, how to handle UCI for URLLC and eMBB differently has been discussed in past RAN1 meetings. The overall performance of DL URLLC and UL URLLC can be improved by prioritizing UCI for URLLC. However, even for the case of multiplexing UCIs for eMBB only, there are still many FFS which need to be fixed in RAN1#93. Considering the standardization impact, prioritization of URLLC related UCI can be further discussed in next release.
Observation 3:
Supporting prioritization of UCI for URLLC in UCI multiplexing might be discussed in Rel-16.
Proposal 1:
NR Rel-15 June drop supports either of the following options in addition to explicit differentiation of PDCCH for URLLC and eMBB: 
· Option 1. Define a new DCI format 0_x which has same size with DCI format 0_0 and has a field for beta_offset indicator.

· Option 2. Support separate RRC configurations of beta_offset for URLLC and eMBB respectively.
3 Conclusions
Base on the above discussion on UCI piggyback on PUSCH with URLLC data, the following observations and proposals are made,
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:
The number of occupied REs by UCI piggyback can be adjusted by leveraging either of the following options,

· Option 1. Define a new DCI format 0_x which has same size with DCI format 0_0 and has a field for beta_offset indicator.

· Option 2. Support separate RRC configurations of beta_offset for URLLC and eMBB respectively.
Some mechanisms, e.g. using different RNTI/CORESET/Search Space for PDCCH for URLLC and eMBB, are needed to differentiate PDCCH for URLLC and eMBB.

Observation 3:
Supporting prioritization of UCI for URLLC in UCI multiplexing might be discussed in Rel-16.
Proposal 1:
NR Rel-15 June drop supports either of the following options in addition to explicit differentiation of PDCCH for URLLC and eMBB: 

· Option 1. Define a new DCI format 0_x which has same size with DCI format 0_0 and has a field for beta_offset indicator.

· Option 2. Support separate RRC configurations of beta_offset for URLLC and eMBB respectively.
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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