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1 Introduction
In the previous RAN1 WG meetings, the aspects related to NR URLLC support were discussed. At the RAN plenary it was decided to start with low latency aspects of URLLC while consider introduction of reliability enhancements later on. In this contribution we discussion the low latency aspects of NR URLLC PDCCH design. Note, that for mini-slot the following agreements were made:

	RAN1 NR AdHoc#1

· Take the following into account for designing slot-level channels/signals/procedures:

· At least one of DL control channel format/structure/configuration for slot-level data scheduling is designed to be applicable to mini-slot-level data scheduling

· Take the following into account as starting point for designing mini-slot-level channels/signals/procedures:

· DL control channel for mini-slot-level data scheduling is just a re-use of that for slot-level data scheduling


Our views on other URLLC related aspects are provided in companion contributions [1]-[5].

2 Discussion on URLLC DCI
In general, the common control channel design framework may cover both URLLC and eMBB services. However, there are a few considerations that can be specific to URLLC services.

At RAN1#87 the granularity of PDCCH monitoring configuration was agreed to be 1 or 2 symbols if mini-slots are used. That means that candidate control channel resources may be configured every mini-slot. In case of URLLC traffic (DL control shared channel + shared channel or UL resource grant), it is assumed that the control channel resources are borrowed from the shared channel of eMBB within the slot duration. In general, the finer time granularity, the lower probability to occupy the same mini-slot by UEs. Therefore at practical URLLC system loadings, it is likely that only a few UEs may share the same mini-slot. It means that the number of control channel resources per mini-slot can be relatively small and therefore the number of blind decoding attempts is supposed to be in order of magnitude lower than that for the slot.
Observation 1
· A UE configured with control channel monitoring each mini-slot is expected to check less number of decoding candidates than in case of monitoring once per slot.
2.1 Blockage minimization

Depending on control channel design, control channel capacity, and number of active UEs, it may happen that particular UE cannot be scheduled in a mini-slot due to overlapping of its search space with other UEs to be co-scheduled in the same mini-slot. However, for URLLC the problem was not carefully studied yet. Considering the URLLC specifics, the following difference with eMBB can be identified regarding the blockage issue:

Aspects increasing blockage issue:

· Control channel blockage for URLLC should be resolved in a few mini-slots in order to fit the low latency budget. That is much stricter than the eMBB operation, where the blockage may be resolved in time without a strict requirement on latency.

· In order to hit the reliability target and extract more diversity and energy, high aggregation levels are more likely to be used for URLLC. High aggregation levels essentially have larger blockage probability.

Aspects decreasing blockage issue:

· Overall number of served UEs is expected to be much smaller than for eMBB due to the strict requirements which cannot be fulfilled when serving many UEs. In that sense, the blockage probability may be naturally smaller than for eMBB.

· Scheduling of URLLC UEs is spread over the slot by using mini-slots. The blockage and potential control channel capacity issue are reduced further in this case (see Figure 1), especially in case the mini-slot specific hashing function is applied to USS as it is discussed in [6].
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Figure 1. Blockage probability of LTE-like USS for control channel allocated every 100 us.

As it can be seen, the potential blockage issue may or may not appear in realistic URLLC service deployment depending on multiple factors. We note, that there is a tradeoff between blockage issue and UE complexity to monitor for different candidates. In other words, the blockage probability is naturally reduced when a UE is configured with either common search space with multiple search candidates or with multiple UE-specific search spaces or both. That would lead a UE to always check multiple hypotheses every control channel monitoring occasion (i.e. every mini-slot) that would cause high complexity and increased power consumption.

In order to optimize the tradeoff between complexity and blockage probability, a level of control and configurability should be supported in NR. The following principles could be used for resolving the blockage issue:

· gNB may configure orthogonal UE-specific search spaces to active UEs thus eliminating the blockage probability.

· gNB may select a UE-specific search space from a set of search spaces configured to a UE in order to resolve the blockage.

· gNB may dynamically reconfigure UE-specific search spaces in order to resolve the blockage.

· It may be done by using for example the two-stage DCI concept where the first-stage DCI may carry the information about dynamically changed search space of the second-stage DCI. Another alternative is to use MAC CE message to carry the reconfiguration indication.

Based on the analysis and discussion in this section, we have the following proposal:

Proposal 1
· NR should support dynamic (re)configurability of UE-specific search spaces.

2.2 Low latency control and shared channel overlap
The URLLC control or shared channel transmission can preempt the DL eMBB control or shared channel transmission. However, URLLC control transmission should not preempt URLLC shared channel transmission. From latency consideration aspects the URLLC control and shared channel needs to be transmitted in the same mini-slot. In this case it is possible to orthogonally multiplex control and shared channel transmission by gNB implementation. If gNB can schedule multiple consecutive mini-slots it may be difficult to preempt already scheduled URLLC transmissions in case of additional URLLC traffic. In order to address this problem two options are possible:

1) gNB perform dynamic scheduling every mini-slot including mechanism of adaptive retransmissions. In this case, other low latency transactions may be scheduled in next mini-slot based on scheduler decision.

2) gNB configures resource sets for URLLC control and shared channel transmissions and performs scheduling taking into account that there may be additional URLLC transmissions (look ahead scheduling).
Observation 2
· Mini-slot PDCCH transmission should not preempt the mini-slot shared channel transmission.

Proposal 2
· For URLLC service, a UE does not assume preemption between mini-slot control and shared channel transmissions.

3 Conclusions

In this contribution, we discussed URLLC-specific downlink control channel design considerations assuming only low latency aspects. Based on the analysis, we have the following observations and proposals:
Observation 1
· A UE configured with control channel monitoring each mini-slot is expected to check less number of decoding candidates than in case of monitoring once per slot.

Observation 2

· Mini-slot PDCCH transmission should not preempt the mini-slot shared channel transmission.

Proposal 1

· NR should support dynamic (re)configurability of UE-specific search spaces.

Proposal 2
· For URLLC service, a UE does not assume preemption between mini-slot control and shared channel transmissions.
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