Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG1 Meeting #93	 R1-1806014
[bookmark: _GoBack]Busan, Korea, May 21st – 25th, 2018	Revision of R1-1803931

Agenda Item:	7.2.2
Source:	Ericsson
Title:	UCI Transmission for URLLC
Document for:	Information
Introduction
UCI transmission for eMBB is almost settled, but further improvement is possible on how to handle UCI transmission when URLLC service is present and coexist with eMBB. In this paper, for information purpose, we provide some considerations about UCI transmission when URLLC service co-exist with eMBB. 
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For URLLC service, there are two main transmission schemes, one is HARQ-less transmission and one is HARQ-based transmission. For HARQ-less transmission, it can employ an initial repetition of NR PDSCH transmissions e.g. in consecutive slots or multiple beams without any UE feedback. For HARQ-based transmission, the PDSCH transmission reliability not only depends on the reliability of PDCCH and PDSCH itself, it also depends on the reliability of ACK/NACK transmission reliability. If the total packet error rate for a sequence of HARQ transmissions should be lower than , the NACK to ACK probability may need to be reduced [1]. Compared with eMBB, for the same ACK/NACK bits, more physical resources can be required to achieve URLLC ACK/NACK transmission. 
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For UCI transmission, two channels are used. One is PUCCH and the other is PUSCH. When UCI transmission is transmitted over PUSCH, beta-offset values and indication are employed to implement the UCI transmission strategy. For eMBB only service, the current mechanism may be good enough. However, when URLLC is introduced and co-existing with eMBB, some aspects may be discussed further. 
As a first aspect, high reliability may be needed for URLLC CSI transmission. For example, for one interval, the preferred beam index is changed for UE and UE needs to inform gNB about the change via CSI feedback. If the same CSI feedback reliability target (i.e., ) as eMBB is used, it roughly means one CSI feedback is missing for every 100 CSI feedbacks. For the missed CSI feedback, especially for beam index when narrow beam is enabled, gNB may have no idea on how to configure the MCS, since the variation of SINR may be large from one beam to other beam. In this case, the CSI feedback unreliability may lead to the PDSCH latency increase or PDSCH reliability deterioration. Thus for CSI carried on both PUCCH and PUSCH, lower BLER target should be defined.
As another aspect, the UCI piggyback strategy may be different for different scenarios. In one uplink transmission, they may include multiple information elements with different requirements, which is listed in Table 1. 
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	Information elements
	Requirements

	ACK/NACK
	For higher reliability PDSCH, e.g., PDSCH carrying URLLC traffic

	ACK/NACK
	For normal reliability PDSCH, e.g., PDSCH carrying eMBB traffic

	CSI feedback
	For lower BLER target, e.g., supporting URLLC traffic

	CSI feedback
	For normal BLER target, e.g., supporting eMBB traffic

	PUSCH
	Need to support both types of traffic: higher reliability PUSCH for URLLC, normal reliability PUSCH for eMBB



For different multiplexing scenarios, different transmission strategy may be applied. As one example, when UCI includes ACK/NACKs for both reliable PDSCH and non-reliable PDSCH, one beta-offset value for both may be not optimal. If the large beta-offset value is used, when ACK/NACKs for non-reliable PDSCH are dominant, it wastes the feedback resource. If the small beta-offset value is used, the ACK/NACKs for reliable PDSCH cannot be guaranteed. The same situation is applied for CSI feedback. 
As another example, when the PUSCH itself is URLLC service, when other lower reliable information elements are required, these information elements may not be transmitted or with few allocated resource to avoid big impact on the URLLC PUSCH as mentioned in [2]. 
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Based on the above observation, we propose to discuss potential enhancement for the UCI piggyback back mechanism when URLLC and eMBB coexists. 
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Conclusion
In this paper, some considerations are shared for UCI transmission when URLLC service is co-existence with eMBB. We have the following observations: 
Observation 1	The required URLLC reliability can lead to more physical resources for ACK/NACK transmission compared with eMBB service.
Observation 2	When URLLC is coexisting with eMBB, the UCI/PUSCH multiplexing becomes more complex, and the current mechanism for UCI and PUSCH transmission may need enhancement.
Observation 3	Potential enhancement for UCI piggyback mechanism on PUSCH can be considered when URLLC and eMBB co-exist.
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