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1. Introduction

In this contribution, we discuss remaining issues on PDCCH enhancement to be specified from RAN1 point of view. 
2. PDCCH enhancements
2.1. Increased PDCCH monitoring capability

Regarding the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span, the following remaining aspects should be discussed. 

(1) FFS aspects related to UE capability
A. This point can be disused a bit later, however, in our view, it can be considered that UE capability is preferred over specifying the certain values in the specification. If the values are specified and a UE is not capable of, it would be hard for gNB to figure out how to configure CORESET/search space for proper URLLC scheduling.  
(2) Combination (X, Y)
A. In addition to the agreed set of combinations (i.e., (2, 2), (4, 3), (7, 3)), if affordable, (3,2) can be added to support 4 monitoring occasion within a slot which is not supported currently in rel-15. 
(3) Down-selection between the below option 1 and 2
	Agreements:

For a Rel-16 UE supporting enhanced PDCCH monitoring capability, down-select between option 1 and option 2: 

· Option 1: PDCCH monitoring based on Rel-15 capability for eMBB and PDCCH monitoring based on Rel-16 capability for URLLC can be configured to a UE on the same carrier

· UE monitors PDCCH for eMBB following reported Rel-15 capability, and monitors PDCCH for URLLC following reported Rel-16 capability 

· For Rel-16 PDCCH monitoring capability, the limit C on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span is the same across different spans within a slot. Each span for Rel-16 PDCCH only cover USS for URLLC (FFS for CSS)

· Option 2: PDCCH monitoring for both eMBB and URLLC can be configured based on either Rel-15 capability or Rel-16 capability

·   gNB configures which capability is used 

· For Rel-16 PDCCH monitoring capability,

· The limit C on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span is the same across different spans within a slot, each span can cover CSS and/or USS  


A. In our view, both these two options can be applicable for rel-16 URLLC. If we consider option 1, this can facilitate specification work, and clearly eMBB and URLLC DCI processing can be distinguished from implementation point of view. This would require some association between DCI and traffic type (or capability). On the other hand, if we consider option 2, then gNB still can figure out how to configure PDCCH monitoring by properly place CORESETs and search space sets in order to accommodate both eMBB and URLLC scheduling. However, if rel-15 capability is configured for a UE and URLLC traffic comes, then it may be somewhat difficult to rapidly adapt PDCCH monitoring configuration for URLLC scheduling. In this sense, we slightly prefer option 1. 
(4) Potential limitation on PDSCH/PUSCH processing
A. If increased PDCCH monitoring capability is considered which naturally may induce longer processing time for PDCCH monitoring itself, the extra processing margin between PDCCH and PUSCH or between PDSCH and PUCCH for HARQ-ACK feedback may also be necessary. Thus, the potential limitation on PDSCH/PUSCH processing such as RB/TB size and the number of layers needs to be taken into account for supporting the increased PDCCH monitoring capability not to incur too much UE complexity.

(5) Dependence on processing capability

A. Considering the different time margin for PDCCH monitoring between PDSCH/PUSCH processing capability 1 and 2, the limit C on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span needs to be defined depending on whether a UE is capable of processing capability 1 or 2. Depending on the discussion of out-of-order HARQ-ACK, both processing capabilities may be configured for a given serving cell, then for simplicity, it can be considered that the limit C for processing capability 2 is applied. 
(6) CCE counting with wideband RS
A. On a CORESET using wideband RS, different CCE counting rule from the current one can be further taken into account since the number of non-overlapped CCEs for CORESET using wideband RS can be underestimated or overestimated depending on the number of candidates per search space associated with the CORESET. Thus, it would be beneficial if more accurate CCE counting rule can be defined. For instance, one can consider reference resource for counting CCEs of CORESET with wideband RS. Specifically, the reference resource unit and reference number of CCEs could be defined. For example, a CORESET configuration with 1 symbol and 24 RBs is regarded as a reference resource unit, and the number of CCEs for one reference resource unit could be defined or configured as X CCEs. Then, a UE can calculate the number of CCEs based on the number of CCEs for reference resource unit once CORESET using wideband RS is configured.

(7) Partial dropping for overbooking

A. 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 all candidates of the search space set(s) with higher search space set ID and lower priority of search space type. This inefficient behavior can be improved. For instance, rather than dropping a search space set, a UE can monitor some of candidates of the search space set to be dropped until the total number of PDCCH candidates to be monitored does not exceed the number of BDs/CCEs for PDCCH monitoring. 

Proposal 1: The limit C on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span for a certain case (X, Y, μ) is reported by UE as a capability.
Proposal 2: (3, 2) are supported as (X, Y) for rel-16 PDCCH monitoring capability. 
Proposal 3: It is slightly preferred that PDCCH monitoring based on Rel-15 capability for eMBB and PDCCH monitoring based on Rel-16 capability for URLLC can be configured to a UE on the same carrier.
Proposal 4: The potential limitation on PDSCH/PUSCH processing needs to be taken into account for supporting increased PDCCH monitoring capability. 
Proposal 5: The limit C on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span is defined separately depending on whether a UE is capable of processing capability 1 or 2 for a given serving cell.
Proposal 6: Different CCE counting rule can be defined considering the impact of wideband RS. 
Proposal 7: Allowing partial dropping of search space set due to the limitation of BDs/CCEs can be taken into account.

In order to enable faster back-to-back scheduling for supporting the stringent requirement of URLLC, more frequent PDCCH monitoring occasions seem unavoidable as more monitoring occasions will provide smaller alignment time which is directly relevant to overall latency. Considering the stringent reliability requirement of URLLC, higher AL candidates need to be definitely supported with more candidates. For instance, only one (or the small number of) AL8 or AL16 candidate(s) per monitoring occasion would be undesirable. In this context, increased maximum number of BDs needs to be supported. Also, similar limitation as the maximum number of non-overlapped CCEs should be taken into account for the maximum number of BDs such as the limitation per monitoring span gap and duration.

Proposal 8: Support increased PDCCH monitoring capability on the maximum number of monitored PDCCH candidates per slot. 

· The maximum number of monitored PDCCH candidates per monitoring span is defined.
For Rel-16 PDCCH monitoring capability, if enhanced PDCCH monitoring capability on the maximum number of monitored PDCCH candidates is not defined (i.e., BD limits per span are not defined), it seems inefficient to apply rel-15 overbooking handling by dropping whole search space sets with higher ID. PDCCH overbooking and dropping rule should be defined especially when CCE limits per span are violated. 
Proposal 9: If CCE limits per span is violated in a certain set of monitoring spans while BD limits per slot is not violated in any monitoring spans, candidates of search space set can be mapped from lower SS set ID to higher SS set ID, except for the search space set incurring the violation. Furthermore, candidate mapping can be conducted for monitoring spans which do not violate CCE limits per span. 
Proposal 10: If BD limits per slot is violated in a certain set of monitoring spans while CCE limits per span is not violated in any monitoring spans, candidates of search space set can be mapped from lower SS set ID to higher SS set ID, and any candidates in the SS set and in any subsequent SS sets are dropped if all candidates in a SS set can’t be mapped. 
2.2. DCI format for scheduling Rel-16 NR URLLC
One discussion point is the size of DCI format scheduling URLLC. The maximum size can be larger than rel-15 fallback DCI while the minimum size can target a reduction of 10~16 bits less than the DCI format size of Rel-15 fallback DCI. If the size of DCI format scheduling URLLC is different from that of existing DCI format(s) and if the total number of different DCI sizes exceed the current “3+1” DCI size budget, then either the additional DCI size alignment would need to be conducted or increased UE capability on the DCI size budget would be required. 

If we target not to increase UE capability on the DCI size budget compared with rel-15 capability, the additional DCI size alignment when necessary would need to be defined. Since DCI format scheduling URLLC usually requires small payload for higher reliability, it may be beneficial that this additional DCI size alignment is applied to any other DCI format rather than DCI format scheduling URLLC in order to maintain the size of DCI format scheduling URLLC as possible. One solution can be to align the size between DCI format 0_1 and 1_1 if the size between them is different. Otherwise, the size of fallback DCI on CSS and on USS can be further aligned. As a result, there is one extra room for DCI scheduling URLLC. Alternatively, the size of other DCI format rather than DCI format scheduling URLLC is increased or decreased in order to align with DCI format scheduling URLLC. 

If increasing UE capability on the DCI size budget is acceptable, simply the DCI size budget can be enhanced to “4+1” considering the DCI format scheduling URLLC additionally. 
Proposal 11: Whether or not to keep the current DCI size budget needs to be discussed. If so, the additional DCI size alignment with configured DCI format scheduling URLLC needs to be further investigated. Otherwise, the DCI size budget can be enhanced to “4+1”.  
One discussion point is whether or not to associate DCI format with HARQ-ACK codebook. For some of DCI fields for new DCI format, the field size is determined by separate RRC parameters from those for existing DCI format. For instance, the size of DL DAI field for DCI format 1_2 is determined by Downlinkassignmentindex-ForDCIFormat1_2. If the size of DL DAI field is 1 bit for DCI format 1_2 while 2 bit for DCI format 1_1, and if both DCI formats can schedule PDSCH belonging to a certain HARQ-ACK codebook, then there can be an ambiguity on how to interpret DAI from UE perspective. For addressing this, it can be considered that the size of DL DAI field for DCI format 1_2 is adjusted toward that for DCI format 1_1 by bit enlarging or shortening. 
As another example, the entries of TDRA are given by pdsch-TimeDomainAllocationList or pdsch-TimeDomainAllocationList-ForDCIFormat1_2 depending on DCI format. If both DCI formats can schedule PDSCH belonging to a certain HARQ-ACK codebook, then there can be an ambiguity on how to construct the HARQ-ACK codebook. Maybe, it can be considered that HARQ-ACK codebook is constructed by the union of the set of TDRA table for DCI format 1_1 and the set of TDRA table for DCI format 1_2. Similarly, the entries of PDSCH-to-HARQ_feedback timing indicator (K1) are given by dl-DataToUL-ACK or dl-DataToUL-ACK-ForDCIFormat1_2 depending on DCI format. Thus, if both DCI formats can schedule PDSCH belonging to a certain HARQ-ACK codebook, then the same problem can happen for constructing HARQ-ACK codebook. For this case, it can be considered that HARQ-ACK codebook is constructed by the union of K1 candidates provided in both dl-DataToUL-ACK and dl-DataToUL-ACK-ForDCIFormat1_2. Though, based on the above discussions, it would be simple if a HARQ-ACK codebook is associated with a DCI format. Alternatively, gNB should ensure there is no such ambiguity due to configuration, otherwise some rule needs to be further defined, e.g., including what is discussed above. 
Proposal 12: A HARQ-ACK codebook is associated with a DCI format. If a HARQ-ACK codebook is allowed to be associated with multiple DCI formats, the ambiguity on the size of field and interpretation should be addressed either by proper gNB configuration or some rule with specification impact. 
3. Conclusions

In this contribution, we discussed remaining issues on PDCCH enhancements for NR URLLC. Based on the above discussion, our proposals are given as follows:
Proposal 1: The limit C on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span for a certain case (X, Y, μ) is reported by UE as a capability.

Proposal 2: (3, 2) are supported as (X, Y) for rel-16 PDCCH monitoring capability. 

Proposal 3: It is slightly preferred that PDCCH monitoring based on Rel-15 capability for eMBB and PDCCH monitoring based on Rel-16 capability for URLLC can be configured to a UE on the same carrier.

Proposal 4: The potential limitation on PDSCH/PUSCH processing needs to be taken into account for supporting increased PDCCH monitoring capability. 
Proposal 5: The limit C on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span is defined separately depending on whether a UE is capable of processing capability 1 or 2 for a given serving cell.
Proposal 6: Different CCE counting rule can be defined considering the impact of wideband RS. 
Proposal 7: Allowing partial dropping of search space set due to the limitation of BDs/CCEs can be taken into account.

Proposal 8: Support increased PDCCH monitoring capability on the maximum number of monitored PDCCH candidates per slot. 

· The maximum number of monitored PDCCH candidates per monitoring span is defined.
Proposal 9: If CCE limits per span is violated in a certain set of monitoring spans while BD limits per slot is not violated in any monitoring spans, candidates of search space set can be mapped from lower SS set ID to higher SS set ID, except for the search space set incurring the violation. Furthermore, candidate mapping can be conducted for monitoring spans which do not violate CCE limits per span. 

Proposal 10: If BD limits per slot is violated in a certain set of monitoring spans while CCE limits per span is not violated in any monitoring spans, candidates of search space set can be mapped from lower SS set ID to higher SS set ID, and any candidates in the SS set and in any subsequent SS sets are dropped if all candidates in a SS set can’t be mapped. 
Proposal 11: Whether or not to keep the current DCI size budget needs to be discussed. If so, the additional DCI size alignment with configured DCI format scheduling URLLC needs to be further investigated. Otherwise, the DCI size budget can be enhanced to “4+1”.  
Proposal 12: A HARQ-ACK codebook is associated with a DCI format. If a HARQ-ACK codebook is allowed to be associated with multiple DCI formats, the ambiguity on the size of field and interpretation should be addressed either by proper gNB configuration or some rule with specification impact. 
