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1. Introduction

In RAN1#96bis, the following agreements related to PDCCH enhancements for NR URLLC were made [1]:
	Agreements:

Support configurable number of bits for the following fields for DL DCI format scheduling Rel-16 URLLC.

· Carrier indicator (0 bit or at least one non-zero bit)

· PRB bundling size indicator (0 or 1 bit)

· Rate matching indicator (0, 1 or 2 bits)

· ZP CSI-RS trigger (0, 1 or 2 bits)

Agreements:

The following fields from Rel-15 DCI format 1_1 are not included (in case new DCI format) or can be configured to be absent (0 bit) as in Rel-15 (in case reusing the existing format) in the DL DCI format scheduling Rel-16 URLLC. 

· Modulation and coding scheme for TB 2
· New data indicator for TB 2
· Redundancy version for TB 2
· CBG transmission information 

· CBG flushing information 

Agreements:

Keep the following two fields without any change from Rel-15 DCI in DCI format scheduling Rel-16 URLLC:

· Identifier for DCI formats (1 bit) (when applicable)

· New data indicator (1 bit)

Agreements:

The following field from Rel-15 DCI format 0_1 are not included (in case new DCI format) or can be configured to be absent (0 bit) as in Rel-15 (in case reusing the existing format) in the UL DCI format scheduling Rel-16 URLLC: 

· CBG transmission information 


In this contribution, we discuss several discussion points regarding PDCCH enhancement techniques to be specified from RAN1 point of view. 
2. PDCCH enhancements
2.1. DCI format for scheduling Rel-16 NR URLLC
It was agreed that DCI format scheduling URLLC supports configurable sizes with high degrees of freedom. Even though a few fields were discussed, considering the detailed design related to which field is included and/or the size of a certain field will be highly dependent on rel-16 URLLC feature to be specified during this work item, it seems a bit hasty to determine the detailed design of DCI format scheduling URLLC. 
One discussion point would be whether or not to define new DCI format for rel-16 URLLC. In our view, it is likely to be necessary to require different set of parameters for different service types, and thus some sort of mechanism to enable which set of parameters to be used would be needed in the end. If some PHY indication such as DCI format/search space/RNTI/explicit field/CORESET/etc is introduced, the UE can easily determine which set of parameters to be used; otherwise, for one DCI format, there is no means to determine which set of parameters to be utilized for a given service type. Moreover, considering that new field may be included for new features in rel-16, it would be clearer to introduce PHY indication which includes the introduction of new DCI format. 

Proposal 1: At least for some DCI field(s), different (candidate) values/field size can be configured for supporting different service type, and PHY indication is defined to determine which (candidate) values/field size to be used. 
Another 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 the total number of different DCI sizes exceed the current limitation, 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. Alternatively, scheduling restriction can be considered, for example, DCI format scheduling eMBB can be only on search space A while DCI format scheduling URLLC can be only on search space B. 
Proposal 2: 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. 

2.2. Increased PDCCH monitoring capability

	Agreements:

Support increased PDCCH monitoring capability on at least the maximum number of non-overlapped CCEs per slot for channel estimation for Rel-16 NR URLLC for at least one SCS subject to the following restrictions:

· Explicit limitation on the maximum number of BDs/non-overlapping CCEs per monitoring occasion and/or per monitoring span, and
· The set of applicable SCS(s) to be finalized during the WI phase
· Additional restrictions (e.g., impact # of CCs if any, potential limitations on PDSCH/PUSCH processing, impact of wideband RS for CCE counting if any, etc.) can be considered during the WI phase 
Agreements:

· Enhancements for PDCCH monitoring capability on the maximum number of monitored PDCCH candidates per slot (with potential restrictions) for Rel-16 NR URLLC can be further considered in work item phase.


Increased maximum number of monitored PDCCH candidates per slot
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 also 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 occasion and/or per monitoring span.
Proposal 3: Support increased PDCCH monitoring capability on the maximum number of monitored PDCCH candidates per slot. 
· Explicit limitation on the maximum number of monitored PDCCH candidates per monitoring occasion and/or per monitoring span

Additional restriction on increased PDCCH monitoring capability

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. 
Proposal 4: The potential limitation on PDSCH/PUSCH processing needs to be taken into account for supporting increased PDCCH monitoring capability. 
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.
Proposal 5: Different CCE counting rule can be defined considering the impact of wideband RS. 
Additional enhancement related to PDCCH monitoring
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 6: Allowing partial dropping of search space set due to the limitation of BDs/CCEs can be 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: At least for some DCI field(s), different (candidate) values/field size can be configured for supporting different service type, and PHY indication is defined to determine which (candidate) values/field size to be used. 

Proposal 2: 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. 

Proposal 3: Support increased PDCCH monitoring capability on the maximum number of monitored PDCCH candidates per slot. 

· Explicit limitation on the maximum number of monitored PDCCH candidates per monitoring occasion and/or per monitoring span

Proposal 4: The potential limitation on PDSCH/PUSCH processing needs to be taken into account for supporting increased PDCCH monitoring capability. 

Proposal 5: Different CCE counting rule can be defined considering the impact of wideband RS. 
Proposal 6: Allowing partial dropping of search space set due to the limitation of BDs/CCEs can be taken into account.
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