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1. Introduction

In RAN#81, the updated study item description on physical layer enhancements for NR URLLC was approved with the following objectives [1]:
	URLLC L1 improvements (RAN1) for further improved reliability/latency and for other requirements related to the use cases identified, 

· 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)

Enhanced multiplexing considering different latency and reliability requirements (RAN1): 

UL inter UE Tx prioritization/multiplexing 

Enhanced UL configured grant (grant free) transmissions, with study focusing on improved configured grant operation, example methods such as explicit HARQ-ACK, ensuring K repetitions and mini-slot repetitions within a slot. (RAN1/RAN2)
The following items have been identified to have relationship with URLLC but are covered in other study items and will not be studied as part of this SI:

· Multi-TRP transmission 

· Mobility improvements for higher reliability

· Beam Management

· Time Sensitive Networking related enhancements

· UL/DL intra-UE prioritization/multiplexing


In this contribution, we discuss several discussion points regarding PDCCH enhancement techniques to be studied from RAN1 point of view. 
2. PDCCH enhancements
2.1. Compact DCI
In Rel-15 NR, extensive discussions had been occurred regarding the support of PDCCH repetition and compact DCI for improving the reliability of PDCCH. In order to support URLLC requirements effectively, it is envisioned most likely that rel-16 NR design would aim at new DCI format. The following question would be whether/how to reduce the size of the DCI format, which would definitely require scheduling restriction and furthermore some new fields might need to be introduced to support any new necessary URLLC feature. Also, reducing the size of DCI format would incur different payload size from normal rel-15 DCI which in turn will induce additional blind decoding attempts, then how to manage blind decoding attempts needs to be carefully investigated. 
Proposal 1: New DCI format can be considered for rel-16 with targeting the reduction of size. How to manage blind decoding needs to be investigated if the reduction of DCI format size is considered. 
2.2. PDCCH repetition

As discussed in rel-15, PDCCH repetition can be realized by either combining or non-combining multiple PDCCH candidates via same or different CORESET/search space. Considering performance gain, UE implementation complexity, and specification efforts, our preference is network-implementation based PDCCH repetition which is quite similar as what is supported in rel-15 LTE URLLC. If multiple PDCCH transmissions scheduling the same PDSCH are allowed, and if the UE ignore the following PDCCH transmissions once one PDCCH is successfully decoded, then PDCCH repetition can be realized with small amount of specification efforts. If PDCCH blocking is of importance from gNB side, then gNB can control/manage by not transmitting too many PDCCH copies. 

In the case of PUSCH, it was discussed to re-schedule PUSCH with UL grant received earlier than PUSCH transmission. For instance, if a UE receives the following PDCCH afterwards for UL grant with the same RA and HARQ process as the previously scheduled PUSCH, then the PDCCH transmission can be regarded as PDCCH repetition for reliability. On the other hand, if the following PDCCH indicates different RA for the same HARQ process as the previously scheduled PUSCH, then the PDCCH transmission can be regarded as re-scheduling and the UE will cancel the previously scheduled PUSCH. 

Proposal 2: PDCCH repetition without combining can be considered for rel-16 with targeting small specification efforts. 

· For PDSCH, a UE shall discard PDCCH(s) scheduling PDSCH for previously scheduled HARQ process until the transmission of HARQ-ACK for that HARQ process.

· For PUSCH, a UE shall discard PDCCH(s) scheduling PUSCH for previously scheduled HARQ process with the same resource allocation as that HARQ process until the PUSCH transmission for that HARQ process.
· FFS: UE behavior when UE receives PDCCH scheduling PUSCH for the previously scheduled HARQ process with different resource allocation from that HARQ process.

2.3. Increased PDCCH monitoring capability

One consideration point of PDCCH monitoring for URLLC operation would be UE capability on blind decoding. Currently, BD limit per slot per serving cell is defined per numerology. For URLLC, it is expected that TTI with shorter duration is needed to meet the more stringent latency requirement, which implies that monitoring occasion within a slot would be split up to a smaller size and thus more number of monitoring occasions would be configured. Thus, in order to support URLLC operation, the UE would need to support monitoring of more number of PDCCH candidates than BD limits defined in Rel-15 NR. Possibly, UE capability on the number of PDCCH candidates to be monitored can be defined. More specifically, the maximum BD limits per monitoring occasion can be defined or reported with the maximum number of monitoring occasions within a slot, which would prevent excessive increase of UE implementation complexity, otherwise gNB will assume a certain number as the maximum BD limits for a monitoring occasion and then the sum of this number across all monitoring occasions within a slot would be the final BD limits that the UE should be capable of in the end. 
Proposal 3: UE capability on the maximum BD limits per monitoring occasion can be defined with the maximum number of monitoring occasions within a slot. 
For the support of URLLC operation, it would be necessary to reconsider how to determine priority of monitoring search space sets. For instance, some (or all) of candidates with higher AL in certain USS set(s) can be configured to prioritize over CSS for URLLC operation. 
Proposal 4: A UE can be configured with USS set(s) with higher priority for URLLC. 
Currently, if a UE is configured with more number of non-overlapped CCEs to monitor than channel estimation capability or with more number of candidates to monitor than blind decoding capability, then the UE skips monitoring for candidates of the search space set(s) with higher search space set ID and lower priority of search space type. This may induce scheduling restriction if gNB wants to use a certain search space set for purpose of URLLC. For more flexibility, one possible option would be to map PDCCH candidates to USS sets in a round-robin manner based on search space set index and/or AL and/or candidate index. This will avoid to skip monitoring for whole search space sets with higher ID. 
Proposal 5: PDCCH candidates are mapped to USS sets until either BD limit or CCE limit is met with the following rule: 
· Candidates are selected in a round-robin fashion based on SS index and/or AL and/or candidate index.

· Lower indexed SS set and candidate can be selected first.

· Higher AL can be selected first.
Sometimes, it would be infeasible to map PDCCH candidate with higher AL into CCEs due to lack of resource and/or high UE density. Or, CORESET having such candidate may collide with RMR or SSB. In these cases, the UE shall skip monitoring of such candidate with high AL, which might be undesirable to schedule URLLC service since CORESET with larger BW should be configured in order to avoid such skipping of monitoring but this scheduling might happen rarely/sporadically. Thus, instead of skipping of monitoring such candidate, a UE can be allowed to monitor a candidate if it has larger number of available CCEs than pre-defined threshold. Alternatively, flexible time window for search space set can be taken into account. For instance, if PDCCH candidate(s) with higher AL (or candidate to be protected/not to be skipped) is overlapped with RMR/SSB, then within the time window, the PDCCH candidate(s) can be shifted not to induce skipping of monitoring. Moreover, instead of skipping candidates overlapping with RMR/SSB, rate matching behavior can be considered. 
Proposal 6: Instead of skipping of monitoring PDCCH candidates with higher priority, it can be considered to monitor such candidates with partial available CCEs or to shift search space set/candidates. 
In order to ensure PDCCH reliability, if higher AL candidates are required, then the limit of channel estimations can be a bottleneck. For reducing the channel estimation burden, DMRS transmission irrespective of actual presence of PDCCH candidate can be taken into account. For example, within a CORESET, DMRS transmission can be assumed/configured at the very front symbol(s), and then the rest of candidates in the CORESET would not require further channel estimation rather than the DMRS at the front symbol(s). 
Proposal 7: It is necessary to investigate how to reduce channel estimation (e.g., front-loaded DMRS transmission regardless of presence of PDCCH candidate). 
In Rel-15, there is a limit in terms of the number of DCI sizes supported for C-RNTI. Considering a UE supporting both eMBB and URLLC, this constraint needs further consideration. For example, if a new DCI size is needed for URLLC different from either fallback or non-fallback, a UE’s size budget needs to be increased. Not to increase the size budget, another possibility is to align DCI format for URLLC to either fallback or non-fallback DCI. When designing a DCI format for URLLC, considerations on UE limit on DCI sizes should be also taken into account. 

Proposal 8: When designing a DCI format for URLLC, considerations on UE limit on DCI sizes should be also taken into account.

3. Conclusions

In this contribution, we discussed several aspects on PDCCH enhancements for NR URLLC. Based on the above discussion, our proposals are given as follows:

Proposal 1: New DCI format can be considered for rel-16 with targeting the reduction of size. How to manage blind decoding needs to be investigated if the reduction of DCI format size is considered. 
Proposal 2: PDCCH repetition without combining can be considered for rel-16 with targeting small specification efforts. 

· For PDSCH, a UE shall discard PDCCH(s) scheduling PDSCH for previously scheduled HARQ process until the transmission of HARQ-ACK for that HARQ process.

· For PUSCH, a UE shall discard PDCCH(s) scheduling PUSCH for previously scheduled HARQ process with the same resource allocation as that HARQ process until the PUSCH transmission for that HARQ process.
Proposal 3: UE capability on the maximum BD limits per monitoring occasion can be defined with the maximum number of monitoring occasions within a slot. 
Proposal 4: A UE can be configured with USS set(s) with higher priority for URLLC. 
Proposal 5: PDCCH candidates are mapped to USS sets until either BD limit or CCE limit is met with the following rule: 
· Candidates are selected in a round-robin fashion based on SS index and/or AL and/or candidate index.

· Lower indexed SS set and candidate can be selected first.

· Higher AL can be selected first.

Proposal 6: Instead of skipping of monitoring PDCCH candidates with higher priority, it can be considered to monitor such candidates with partial available CCEs or to shift search space set/candidates. 
Proposal 7: It is necessary to investigate how to reduce channel estimation (e.g., front-loaded DMRS transmission regardless of presence of PDCCH candidate). 
Proposal 8: When designing a DCI format for URLLC, considerations on UE limit on DCI sizes should be also taken into account.
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