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Introduction
In RAN1 #94, there were discussions on potential L1 enhancements for Rel-16 NR URLLC study and the following agreements were drawn [1]:
Agreements:
Further evaluate the potential PDCCH enhancements for NR Rel-16 URLLC.
· Further evaluate PDCCH reliability 
· Further evaluate PDCCH blocking 
· Companies describe the resource utilization 
· Complexity should be considered
· Latency of the enhancement(s) should be considered
Agreements: 
· Study further how to enable more than one PUCCH for HARQ-ACK transmission within a slot.
Agreements: 
Study further whether/how to enable enhanced reporting procedure/feedback for HARQ-ACK.
· Enhanced HARQ-ACK multiplexing on PUSCH and PUCCH
· Finer indication for HARQ feedback timing, e.g. symbol-level, half-slot, etc.
· Note: this may be related to more than one PUCCH for HARQ-ACK tx within a slot
· Other enablers are not precluded
Agreements:
Study the need for enhanced CSI reporting/measurement mechanisms. E.g.,
· DMRS based CSI
· A-CSI on PUCCH
· Trigger by DL assignment
· Enhanced CSI reporting mode
· Other approaches are not precluded

In this contribution, we provide our initial view on PDCCH enhancements and CSI enhancements for URLLC.

Enhanced PDCCH transmission
New DCI design for URLLC
The default target scenario in the Rel-15 DCI discussion was eMBB. As a result, some fields of current fallback and non-fallback DCI formats are not suitable for the URLLC transmission. For example:
· Time domain resource allocation: For URLLC scheduling, a limited number of data channel “length” is sufficient, while the data channel can “start” at various symbol locations in a slot. Hence, by changing the SLIV reference from the slot boundary to one of PDCCH symbol(s), the number of start and length combinations can be largely reduced. Thus the bitwidth of the time domain resource allocation field can be decreased.
· HARQ process number, RV: Due to latency bound, there will be a limited number of HARQ processes and up to one or two HARQ-ACK feedback based retransmissions will be allowed in most situations. Thus the current bitwidth for the HARQ process number and the RV fields is too large for URLLC.
· PUCCH resource indicator, PDSCH-to-HARQ feedback timing indicator: The bitwidth can be reduced for the same reason.
· MCS, NDI, and RV for the second codeword: It is expected that URLLC transmission uses only a single codeword (up to 4 MIMO layers).
· CBGTI, CBGFI: It is not clear that CBG-based transmission will help in small packet delivery. Also the URLLC data will not be pre-empted by other transmission.
There are many other parameters including MIMO-related fields which can be further optimized from URLLC perspective. Therefore, it is desirable to remove redundant bit fields to improve the PDCCH detection reliability, which requires a new DCI format or design. If only the link performance is considered, introducing a compact DCI is a suitable solution. However, the other side is that it increases the BD complexity due to different DCI payload size. In addition, to support both eMBB and URLLC for a UE, the DCI size budget which is currently up to 3 sizes for C-RNTI and MCS-C-RNTI may need to be increased. The BLER gain from the compact DCI will be assessed throughout the SI, but referring to the Rel-15 study its gain is not significant, i.e., up to 1 dB with 10~15 bit reduction.
Thus, our initial view is that it is better to align the size of a new URLLC DCI to an existing one. If the total number of bits of the new URLLC DCI is smaller than the existing DCI size, simply the zero padding can be performed to match their payload size. If there is any new DCI field which can improve the URLLC performance or add some functionality, then the zero padding can (partly) be replaced with new DCI field(s). A related issue is whether and how to support URLLC transmission during RRC reconfiguration. If the need is identified, then fallback and non-fallback concept can also be applied to the URLLC DCI.
Observation 1: Current scheduling DCIs are not efficient for URLLC transmission.
Observation 2: The benefit of introducing compact DCI is restrictive considering that the current DCI size budget does not allow enough room for new DCI size.
Proposal 1: A new DCI for URLLC is introduced, which is size-aligned to an existing DCI format.

DCI differentiation
One follow-up issue to Proposal 1 is how UE distinguishes an existing (eMBB) DCI and a URLLC DCI. Since a new RNTI, i.e., MCS-C-RNTI, was already introduced for MCS table indication, we think this mechanism can be reused at least for this purpose. However, as the name of the RNTI implies, the usage the MCS-C-RNTI is limited to only the MCS table differentiation and it is hardly tied to the new 64QAM MCS table. In our view, this fixed coupling is not desirable for future proof design since it is not convincing that future NR will support still only the two service types. Note also that the URLLC itself already has many identified use cases, each requiring different requirements, thus more than two service types are already in the table. So our preference is to define a new RNTI, e.g., 2nd C-RNTI on top of the current C-RNTI, and let gNB to determine their association with a set of functionalities, e.g., DCI differentiation, MCS table indication, transmission priority, etc.
On the other hand, when the new RNTI is configured to UE, the UE may not need to monitor both C-RNTI and the new RNTI in every search space. For example, URLLC transmission can take place only on a certain search space in a certain bandwidth part. In this case, the UE is required to monitor only that search space using the new RNTI when the associated bandwidth part is active. To support this kind of flexibility, it should be allowed to associate the scheduling RNTIs to search space(s). Note that if the UE monitors both RNTIs in every search space, it may unnecessarily increase the PDCCH false alarm rate.
Proposal 2: Different RNTIs are used to distinguish the existing DCI and the URLLC DCI of the same size.
Proposal 3: Scheduling RNTI can be associated to search space(s) where it is to be monitored.

PDCCH repetition
There is an ongoing discussion on whether the PDCCH repetition helps to improve the PDCCH reliability. In our view, time domain repetition is not useful as it cannot outperform a single PDCCH transmission with 2-times higher aggregation level. Even if independent decoding and CRC check is applied on multiple PDCCHs instead of LLR combining, it is difficult to achieve the diversity gain due to high channel correlation within a coherence time. Since the NR-PDCCH already supports AL up to 16, the need of further performance enhancement should be carefully investigated.
Meanwhile, the PDCCH repetition in the frequency domain is expected to provide additional frequency diversity gains within a carrier or across carriers. However, even the “pure” repetition in the frequency domain may bring about more issues to be resolved, e.g., frequency domain resource allocation, which seems out of the scope of the SI.
On the other hand, from multi-TRP/panel point of view, the PDCCH repetition with same or different QCL assumptions may be beneficial to appreciate the spatial or the beam diversity. Since the multi-TRP techniques for URLLC are planned to be covered in the NR MIMO WI, it is suggested to discuss the PDCCH repetition in the MIMO WI.
Proposal 4: PDCCH repetition is covered in the NR MIMO WI by taking into account same and different QCL assumptions across multiple copies.

Enhanced CSI measurement and report
A-CSI trigger by DL assignment
A-CSI report is useful in URLLC transmission. When the target reliability of 10-5 or 10-6 relies on HARQ retransmission, A-CSI report after initial transmission failure can assist gNB to determine the target BLER of the MCS or the precoding for retransmission. Periodic CSI report is not applicable in this case due to the tight latency bound. In addition, when the DL traffic is sporadic and aperiodic, periodic CSI report is inefficient because the CSI would usually be outdated if the report periodicity is long and many resources are consumed if the report periodicity is short.
As aforementioned, for URLLC, the A-CSI report is useful for DL retransmission. However, in Rel-15 NR, A-CSI report can only be triggered by a UL grant. Therefore, an A-CSI report can be triggered by the gNB after a NACK reception, which is too late in the URLLC case since the retransmission scheduling should also occur (right) after the NACK reception. Also multiple retransmissions would not be allowed in many cases. On the contrary, if the A-CSI report can be triggered by a DL assignment, the CSI report can be triggered at the UE side after the NACK decision. That is, UE can report A-CSI report simultaneously with or immediately after the NACK feedback to gNB. Thus, fast and conditional link adaptation is possible which surely will help to improve the retransmission performance.
Observation 3: A-CSI report trigger by DL assignment enables fast and conditional link adaptation which can improve the URLLC retransmission performance.

A-CSI on PUCCH
For the DL DCI based triggering to work, the A-CSI should be allowed to be reported on PUCCH when there is no available PUSCH. For allocation to PUCCH resources, two options can be considered depending on relation between the A-CSI report and HARQ-ACK feedback.
Alt. 1: CSI replaces NACK. UE only transmits ACK if a PDSCH reception succeeds and only reports the CSI without reporting NACK if the reception fails. CSI can be jointly encoded with ACK and they can be transmitted in the same PUCCH resource.
Alt. 2: CSI is reported in addition to NACK, and current two-level HARQ-ACK information, i.e., ACK/NACK, is maintained. HARQ-ACK and CSI may be reported using separate PUCCH resources, e.g., in a TDM fashion.
[bookmark: _GoBack]In our view, either option has pros and cons and their applicability may depend on the amount of CSI. Since frequent CSI-RS transmission may consume a large amount of resources, DMRS-based CSI measurement can be considered for the A-CSI report. In this case, possible CSI entries may be limited [2] and it may be efficient to jointly encode the CSI with ACK. On the other hand, Alt. 1 may reserve a certain amount of resource for CSI and ACK even when there is no A-CSI report. Further discussion is needed to study other potential solutions and the details.

Conclusion
In this contribution, we provide our view on potential L1 enhancements on PDCCH and CSI for Rel-16 NR URLLC, from which the following observations and proposals are drawn:
Observation 1: Current scheduling DCIs are not efficient for URLLC transmission.
Observation 2: The benefit of introducing compact DCI is restrictive considering that the current DCI size budget does not allow enough room for new DCI size.
Proposal 1: A new DCI for URLLC is introduced, which is size-aligned to an existing DCI format.
Proposal 2: Different RNTIs are used to distinguish the existing DCI and the URLLC DCI of the same size.
Proposal 3: Scheduling RNTI can be associated to search space(s) where it is to be monitored.
Proposal 4: PDCCH repetition is covered in the NR MIMO WI by taking into account same and different QCL assumptions across multiple copies.
Observation 3: A-CSI report trigger by DL assignment enables fast and conditional link adaptation which can improve the URLLC retransmission performance.
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