[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #88			      	R1-1702491
Athens, Greece 13th - 17th February 2017
Agenda Item:	8.1.3.4.4
Source: 	LG Electronics
Title: 	Control and data channel design for high reliability requirement
[bookmark: Source][bookmark: Title][bookmark: DocumentFor]Document for:	Discussion and decision
1. Introduction
In RAN1 NR-AH#1 meeting, following agreements were made regarding high reliability [1]:
	Agreements:
· Take the following into account for designing slot-level channels/signals/procedures:
· At least one of DL control channel format/structure/configuration for slot-level data scheduling is designed to be applicable to mini-slot-level data scheduling
· Take the following into account as starting point for designing mini-slot-level channels/signals/procedures:
· DL control channel for mini-slot-level data scheduling is just a re-use of that for slot-level data scheduling
Agreements:
· To ensure the reliability requirement of NR-PDCCH for URLLC, at least the following aspects should be supported
· Defining a compact DCI format  targeting low BLER operation 
· The highest aggregation level should target a BLER of Y for this compact DCI format
· FFS  Y, Y<1% 
· FFS highest  aggregation levels, e.g., 16,32
· FFS other enhancements 
Agreements:
· For an UL transmission scheme with/without grant
· K repetitions including initial transmission (with the same or different RV and FFS with different MCS) (K>=1) for the same transport block are supported, 
· FFS the way K is determined
· FFS: hopping mechanisms over the transmissions


In this contribution, we provide our views on control/data channel design for high reliability requirement. 

2. Control channel design
According to the agreements made in the last meeting for mini-slot structure, it was agreed that DL control channel for mini-slot-level data scheduling is just a re-use of that for slot-level data scheduling. In other words, even though compact DCI format and higher aggregation level are designed targeting NR-PDCCH for URLLC, it is understood that these kinds of features are also applicable to NR-PDCCH for eMBB. 
To achieve BLER of 10-5 for URLLC data transmission, it is necessary to design both control part error probability and data part error probability to be low enough. For instance, considering one HARQ retransmission for URLLC data, when control part and data part error probabilities are 10-3, then the overall BLER of URLLC data transmission can be lower than 10-5. In addition, control part error probability will be determined by false alarm probability, miss detection probability, and the number BD attempts. For simplified analysis, overall control prat error probability can be given by 1-(1-Pfa)N-1(1-Pmiss) where Pfa is false alarm probability and Pmiss is miss detection probability, and N is the number of BD attempts. Compact DCI format and higher aggregation level can be beneficial to reduce the miss detection probability. Meanwhile, false alarm probability could be improved by increasing CRC length. To avoid tight requirements on false alarm and miss detection probabilities, it can be considered to limit the number of BD attempts for high reliability requirements. 
Observation 1: It is necessary to design NR-PDCCH for high reliability considering false alarm probability, miss detection probability, and the number of BD attempts.
Proposal 1: For high reliability requirement of NR-PDCCH, it can be considered to support increasing CRC length and/or reducing the number of BD attempts. 

3. Data channel design
3.1. UL transmission
For UL transmission, it is agreed to support repetition scheme for the same transport block. This kind of UL transmission scheme could be used to enhance both reliability and latency. Considering URLLC service requirements, it would not be changed dramatically. In other words, the required number of repetition could be semi-statically configured. However, since packet size or transport block size of URLLC data could be changed mini-slot-by-mini-slot, it can be considered that DCI indicates the exact number of repetition at least for grant-based UL transmission. In case of grant-free UL transmission, UE could decide the repetition number considering transport block size to be transmitted and/or channel condition. Alternatively, UE can continue to transmit repetition until receiving its associated HARQ-ACK. In case of UL transmission, NACK could be sent via DCI scheduling retransmission, but ACK will cause unnecessary signalling overhead. Furthermore, in terms of collision handling, it seems inefficient to transmit repetition without any restriction. At least, considering gNB complexity and collision handling, it can be considered that candidate for repetition number is fixed. 
Proposal 2: Support fixed set of repetition number K for UL transmission. Each UE can be configured with K for grant-free transmission, and K can be dynamically indicated in grant-based transmission.
In general, as the repetition number increases, its reliability will be further improved. At the same time, for grant-free UL transmissions, collision between diffrerent UEs could increases. To mitigate this problem and to enehance reliability further, it can be considered to support frequency hopping during the repetition. Especially, when resource for repetition or retransmisison of grant-free is seprately configured from that for initial transmission, collision between initial transmission and repetition for different UEs could be avoided at the expense of resource overhead. To avoid collisions among repetitions, it can be considered to support UE-specific hopping pattern. Figure 1 shows an example of hopping pattern considering UL repetitoin without grant. 
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Figure 1: Example of collisions between UL repetition without grant depending on hopping pattern. 
Proposal 3: Support frequency hopping for UL repetition of URLLC data. At least for grant-free UL transmisison, UE-specific hopping pattern can be considered. 
Considering tight requirements of reliability, it would be beneficial to change RV during repetition to achieve coding gain rahter than combining gain. However, considering collision between different grant-free UL channels, to have the same RV during repetition can be benefical in terms of detecton performance. 
Proposal 4: RV setting during repetiton needs to consider reliability requirement and collision between grant-free UL channels. 

3.2. DL transmission
For simplicity, high reliability requirement for DL transmission can be met by using wideband operation. Since it is expected that the power spectral density is constant for DL, the overall DL transmit power will increase as the channel bandwidth increases. Depending on the required power boosting, the channel bandwidth could be excessively large. In this case, UE supporting high reliable DL transmission will be restricted due to the wideband operation capability. Furthermore, URLLC DL transmission with wide channel bandwidth can impact multiple eMBB DL transmissions across different sub-bands. 
Proposal 5: It is necessary to investigate high reliable DL transmission even for non-wideband operation capable UEs. 
Alternatively, repetition scheme could be supported for high reliable DL transmission as well as UL transmission. In this case, relatively small number eMBB UEs will be impacted by URLLC DL transmission. In our view, since eMBB DL transmission will be scheduled under the assumption that there is no URLLC pre-emption, eMBB DL transmission with URLLC corruption will not be successfully decoded with high probability regardless of the portion of impacted number of mini-slots. In these points of views, DL repetition can be supported for high reliability requirement. As a baseline, DL repetition design could reuse that of UL repetition. 
Proposal 6: For URLLC DL transmission, support repetition scheme considering high reliability requirement. 

4. Conclusion
In this contribution, we discuss control/data channel design for high reliability requirement. Our proposals are as follows:
Observation 1: It is necessary to design NR-PDCCH for high reliability considering false alarm probability, miss detection probability, and the number of BD attempts.
Proposal 1: For high reliability requirement of NR-PDCCH, it can be considered to support increasing CRC length and/or reducing the number of BD attempts. 
Proposal 2: Support fixed set of repetition number K for UL transmission. Each UE can be configured with K for grant-free transmission, and K can be dynamically indicated in grant-based transmission.
Proposal 3: Support frequency hopping for UL repetition of URLLC data. At least for grant-free UL transmisison, UE-specific hopping pattern can be considered. 
Proposal 4: RV setting during repetiton needs to consider reliability requirement and collision between grant-free UL channels. 
Proposal 5: It is necessary to investigate high reliable DL transmission even for non-wideband operation capable UEs. 
Proposal 6: For URLLC DL transmission, support repetition scheme considering high reliability requirement. 

5. Reference
RAN1 chairman’s notes, RAN1 NR-AH#1.
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