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1 Introduction

On RAN #80, a SI [1] was approved for NR URLLC including following objectives: 

· Higher reliability (up to 1E-6 level), higher availability, time synchronization down to the order of a few µs where the value can be 1 or a few us depending on frequency range, short latency in the order of 0.5 to 1 ms, depending on the use cases (factory automation, transport industry and Electrical power distribution)

· PDCCH enhancements. Study focus on Compact DCI, PDCCH repetition, increased PDCCH monitoring capability 

· UCI enhancements. Study focus on Enhanced HARQ feedback methods (increased number of HARQ transmission possibilities within a slot), CSI feedback enhancements

· PUSCH Enhancements. Study focus on mini-slot level hopping & retransmission/repetition enhancements.

· Enhancements to scheduling/HARQ/CSI processing timeline (UE and gNB), (for existing TTI durations)
On RAN1 #95, one agreement and a set of conclusions were achieved as blow: 

Agreement:
· Multiple PUCCHs for HARQ-ACK within a slot should be supported in R16.
Conclusion:

For supporting multiple PUCCHs for HARQ-ACK within a slot, companies are encouraged to provide following details when proposing a solution:
· How to separate HARQ-ACK multiplexing windows for different PUCCHs?
· How to indicate the starting symbol of different PUCCHs?
· How to indicate K1, e.g. in unit of slot, half-slot, a number of symbols or symbol?
· How to determine dynamic HARQ codebook?
· How to determine semi-static HARQ-ACK codebook?
· How to configure PUCCH resource sets, e.g. reuse R15 PUCCH resource set configurations or not?
· How to determine PUCCH resource for each PUCCH?
· How to do PUCCH resource overriding for HARQ-ACK multiplexing?
· Maximum number of PUCCH transmissions for HARQ-ACK allowed in a slot?
This is a revision of R1-1813539 and in this contribution, we discussed UCI enhancements for URLLC.
2 Discussion
2.1 Multiple PUCCHs for HARQ-ACK in one slot

On last RAN1 meeting, it was agreed to support multiple PUCCHs for HARQ-ACK within a slot in Rel-16. To reduce the latency, it is also considered to reduce the monitoring periodicity of PDCCH but if the number of PUCCHs per slot is different from the number of PDCCHs within a slot, the latency will be limited by the one with a smaller number. It is proposed to have the same number of PUCCHs in a slot as that of configured PDCCHs within a slot. Multiple options were discussed about how to support multiple PUCCHs within a slot, it is our understanding that the sub-slots based option can minimize the effort of standardization and at the same time, the number of PUCCHs within a slot can be flexibly controlled by configuring the number of symbols per sub-slot. The number of symbols per PUCCH sub-slot can be configured same as the PDCCH periodicity implicitly. 
Unit of K1 is sub-slot and a set of PUCCH resources of a sub-slot can be configured similarly as in Rel-15. A PUCCH resource can be determined by K1 and PRI together. K1 indication may be avoided in some cases with very tight latency budget but as a solution to address many different types of services, it is preferred to keep K1 indication. For PDSCHs across sub-slots, the sub-slot where the PDSCH ends can be used as the reference point and in our view, basically there is no difference to use the first sub-slot after a processing time as the reference point. 
Based on discussions above, we have the following proposals: 

Proposal 1: 
· The sub-slot based option can be used to support multiple PUCCHs within a slot

· The number of sub-slots per slot can be same as that of the PDCCHs within a slot
· The reference point of a cross-sub-slot PDSCH can be the last sub-slot of the PDSCH
2.2 Enhancements to UCI multiplexing

Basically there are 4 multiplexing cases which need to be handled for URLLC UCI: 
1) URLLC Ack/Nack with URLLC SR/CSI;

2) URLLC UCI with URLLC PSCH;

3) URLLC UCI with eMBB UCI;

4) URLLC UCI with eMBB PUSCH.

When a SR for URLLC needs to be sent together with URLLC Ack/Nack, the existing method of Rel-15 can be reused. Additionally, it can be considered to send a CSI for URLLC together with URLLC Ack/Nack if there are enough resources to ensure the reliability. 
When URLLC UCI and URLLC PUSCH overlap in time, it could be handled differently in different cases. If UCI includes Ack bits only, which is also the most common case, UCI can be dropped and it can be further considered to use PUSCH transmission as an implicit Ack. If UCI includes Nack bits or a positive SR, PUSCH may be punctured in the same way as Rel-15. If UCI includes CSI bits, the existing CSI procedure which is triggered by an UL related DCI can be reused but to ensure the reliability, extra resources should be scheduled for the PUSCH. 
When URLLC UCI and eMBB UCI need to be sent in the same sub-slot, it is preferred to have separate resources but if the amount of resources (including power) is limited, it is not precluded for the UE to puncture or even drop the eMBB PUCCH. If it is eMBB PUSCH which overlaps with URLLC PUCCH, eMBB PUSCH could be punctured for the URLLC PUCCH transmission. 
Based on discussions above, we have the following proposals: 

Proposal 2: 
· 3GPP should strive to reuse Rel-15 schemes to handle URLLC UCI multiplexing

· Separate PUCCH resources can be considered first when possible

· It can be considered to not support puncturing for Nack bits 
2.3 CSI triggering and reporting

For URLLC services, the target BLER is very small and CSI is expected to be updated more frequently. Otherwise, a conservative MCS has to be used with an extremely low efficiency. Currently, CSI reporting is triggered by UL-related DCI and sent back together with PUSCH, but there is not always a UL packet in buffer when a CSI report needs to be sent and to send CSI with PUSCH dummy bits is not favored from spectrum efficiency point of view. In that case, it can be considered to send the CSI report with PUCCH. 

In DL, when a packet is to be transmitted, normally the gNB needs to trigger CSI reporting at the same time in case a retransmission is needed. Considering the BLER of the retransmission needs to be much smaller than that of the initial transmission, an accurate CSI can benefit retransmissions much more than that of the initial transmissions. To use UL-related DCI to trigger CSI reporting may result in two DCIs to be sent simultaneously and the probability of DCI blocking is increased. It can be considered to use DL-related DCI to trigger CSI reporting so that a single DCI is sent to schedule a PDSCH and trigger the CSI reporting at the same time.  
Based on discussions above, we have the following proposals: 

Proposal 3: 
· DL-related DCI can be used to trigger CSI reporting

· Short PUCCH can be considered to carry CSI
2.4 Others
To achieve the overall target reliability of 10-5, two BLER targets were defined for NR URLLC in Rel-15, i.e., 10-1 and 10-5, and it is our understanding that the gNB may schedule the initial transmission with a target BLER of 10-1 and the retransmission with a target BLER of 10-5 for the HARQ based retransmission. Taking the tight latency requirement into consideration, in most cases there could be only one chance for retransmission (two attempts in total).  
2.4.1
Short PUCCH Reliability
Since there is only one chance for retransmission, no ACK/NACK needs to be sent after a retransmission therefore it is assumed that ACK/NACK feedback is sent for the initial transmission. Considering the10-1 BLER of the initial PDSCH transmission, the PUCCH BLER needs to be < 10-4 for the target reliability of 1-10-5 (10-5 for the target reliability of 1-10-6). Link level simulation was done to evaluate its reliability with assumptions as shown in Table 1 below. 
Table 1 PUCCH link simulation assumptions

	Payload
	1 bit ACK/NACK

	Resources
	2 OFDM symbols by 1 PRB, with frequency hopping

	Channel model
	Independent channel response after frequency hopping

	Antenna setting
	1Tx 2Rx


Symmetric decision is used between ACK and NACK so N2A and A2N, N2D and A2D, D2A and D2N are equal in each pair respectively. Among them, N2A is the most important one as each single event will cause one packet loss and according to the analyses above, N2A needs to be less than 10-4. 
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Figure 1 PUCCH link simulation results
Both N2A and N2D are determined against a threshold which is selected according to a target false alarm rate (= D2N + D2A). In Figure 1, both N2D and N2A are simulated with 3 different D2N assumptions. For D2N = 10-2, the SNR needs to be at least 0 dB so that N2A could be ~10-4 with N2D ~= 10-2. 

The required SNR for each combination of D2N and N2A are summarized in Table 2. As discussed above, D2A which equals to D2N has an impact on DCI reliability, and a smaller D2N can help to relax the DCI reliability requirement. N2D has no impact on reliability but a bigger A2D which equals to N2D will result in resources waste due to unnecessary retransmissions. 
Table 2 Required SNR for different D2N and N2A targets (N2D = 10-2)
	
	N2A = 10-4
	N2A = 10-5

	D2N = 10-2
	0.0 dB (DCI BLER 10-3)
	3.0 dB (DCI BLER 10-4)

	D2N = 10-3
	1.0 dB (DCI BLER 10-2)
	1.5 dB (DCI BLER 10-3)

	D2N = 10-4
	2.0 dB
	2.0 dB


Based on the above simulation results, we have the following observations. 
Observation 1: a smaller false alarm rate can help to relax the reliability requirement of DCI and at the same time, improve the N2A performance.

Observation 2: Depending on the false alarm rate, PUCCH performance may need to be enhanced by 0.5 – 3 dB when the N2A requirement is decreased from 10-4 to 10-5.  

2.4.2
Considerations for TDD
Similar as what were discussed for CSI, SRS also needs to be enhanced. In NR Rel-15, a set of resources can be configured for PUCCH and the DL grant indicates the UE which resource should be used for the PUCCH transmission. In order to improve the PUCCH reliability, the one with the best channel response should be selected and, in that case, the gNB must maintain the UL channel response by scheduling the UE to send SRS more frequently. It causes two drawbacks, one is the increased overhead of SRS which may impact PUSCH transmissions. The other is the increased UE power consumption. Due to the channel reciprocity of TDD, it is not difficult for the UE to learn the UL channel response from the DL channel estimation so without sending SRS, it is also possible for the UE to select the best resource for the PUCCH transmission. 
Consequently to avoid sending SRS frequently, one option is to let the UE to select which resource to use for the PUCCH transmission. The UE can select the one with the best channel response according to the DL channel estimation results in TDD mode and the gNB detects blindly which resource was used by the UE among the set of preconfigured PUCCH resources. To reduce the channel response correlation between resources, resources need to be separated as far as possible in the UE’s BWP, for instance, the first PRB and the last PRB, if 2 PRBs are pre-allocated. 

Proposal 4: it is proposed to remove the “PUCCH resource indicator” in the DCI and let the UE to select the resource from the set of pre-configured resources for short PUCCH transmission in TDD mode. 

With this proposal, 3 bits “PUCCH resource indicator” can be saved for the compact DCI in TDD mode.
3 Conclusion
In this contribution, UCI reliability is analyzed and a number of enhancements were discussed and proposed for consideration. 
Based on above discussions and simulation, we have the following proposals and observations: 

Proposal 1: 
· The sub-slot based option can be used to support multiple PUCCHs within a slot

· The number of sub-slots per slot can be same as that of the PDCCHs within a slot

· The reference point of a cross-sub-slot PDSCH can be the last sub-slot of the PDSCH
Proposal 2: 
· 3GPP should strive to reuse Rel-15 schemes to handle URLLC UCI multiplexing

· Separate PUCCH resources can be considered first when possible

· It can be considered to not support puncturing for Nack bits 
Proposal 3: 
· DL-related DCI can be used to trigger CSI reporting

· Short PUCCH can be considered to carry CSI
Observation 1: a smaller false alarm rate can help to relax the reliability requirement of DCI and at the same time, improve the N2A performance.

Observation 2: Depending on the false alarm rate, PUCCH performance may need to be enhanced by 0.5 – 3 dB when the N2A requirement is decreased from 10-4 to 10-5.  

Proposal 4: it is proposed to remove the “PUCCH resource indicator” in the DCI and let the UE to select the resource from the set of pre-configured resources for short PUCCH transmission in TDD mode. 
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