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1 Introduction

In Release 15 the basic support for URLLC was introduced. But for cases, such as factory automation, electrical power distribution, have tighter requirements [1]. So it is necessary to carry forward URLLC L1 improvements (RAN1) for further improved reliability/latency. PDCCH enhancement is one of the topics. The following agreements were made in RAN1 #96 and #96Bis [2][3]
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:

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 

Agreements:

· For information, the following cases are clarified:

· Case 1: PDCCH monitoring periodicity of 14 or more symbols

· Case 1-1: PDCCH monitoring on up to three OFDM symbols at the beginning of a slot

· Case 1-2: PDCCH monitoring on any span of up to 3 consecutive OFDM symbols of a slot

· For a given UE, all search space configurations are within the same span of 3 consecutive OFDM symbols in the slot

· Case 2: PDCCH monitoring periodicity of less than 14 symbols

· Note: this includes the PDCCH monitoring of up to three OFDM symbols at the beginning of a slot
In this contribution, we discuss the aspects of PDCCH enhancements, DCI formats design and PDCCH monitoring capability.

2 DCI formats
In the Rel-16 NR URLLC, it is supported that the sizes of some fields in DCI are configurable. And  some fields can be reduced. If necessary, new fields can be added for flexible scheduling. The goal of the minimum DCI size is to reduce the DCI format size by 10 to 16 bits from the Rel-15 fallback DCI, and the maximum DCI size can be greater than the Rel-15 fallback DCI. From the progress of the current discussion, the following fields from Rel-15 DCI format 1_1 are not included in the new DCI format:
· Modulation and coding scheme for TB 2
· New data indicator for TB 2
· Redundancy version for TB 2
· CBG transmission information 
· CBG flushing information

The following mainly focuses on redundancy version field, there are 2 bits in the original DCI, indicating four redundancy versions, expressed with version 0/1/2/3. According to the above agreements, RV for TB 2 is not included in the new DCI format. So we consider RV bits for TB 1.  If the field is reduced to 1 bit, only 2 redundancy versions can be represented, assuming that the reserved redundancy version number is 0/2. 

In this case, if the maximum number of retransmissions is 4, the redundancy version of the four retransmissions may be 0/2/1/3 or 0/2/3/1, respectively, according to the original redundancy versions. According to the reduced redundancy version, the version of the four retransmissions is only 0/2/0/2. We consider that we need to evaluate the performance difference between the two cases. If the two redundancy versions are truncated, compared with the previous retransmission, the retransmission gains have some loss, we think that the cost of reducing the field is large, and it is not necessary to reduce the redundancy version field. In the case where the difference in retransmission gain is small, it can consider to reduce the field.

Besides, if the redundancy version field is reduced to 1bit, we can also consider whether it can only represent two specific redundancy versions or not, such as 0 and 2 mentioned above. Under the situation, if there are some other information known, whether we can use more redundancy versions or not. For example, if we know the subframe number, we can set that when the subframe is odd, the redundancy versions are set 0 and 2. While the subframe is even, they can be set 0 and 1 or 3. However, if there are no other information, 1 bit can only represent two modes. We think it can discuss further how to set redundancy versions in order to achieve the most retransmission gains when there are other information.
Proposal 1: It is necessary to evaluate whether that impacts the retransmission performance when the redundancy version field is reduced to 1 bit, and whether it is necessary to reduce the redundancy version field according to the impact on the performance.
Proposal 2: When there are some other information known, the 1 bit redundancy version can represent more conditions, combined with some other information.

3 PDCCH monitoring enhancement
The PDCCH monitoring capability under Rel-15 is mainly for eMBB. For URLLC, the PDCCH monitoring capability needs to be reconsidered. According to the previous conference discussion, if there is less monitoring occasions in one slot, when the data arrives, it is necessary to wait until the next monitoring occasion of the PDCCH to respond to the data, and this will increase the latency. In order to reduce latency, DCI needs to be monitored more frequently to reduce latencys for scheduling random incoming packets [4].

In NR, to implement low latency in a URLLC scenario, it is supported multiple PDCCH monitoring occasions within one slot, which can minimize the scheduling latency when random data arrives. The following mainly focuses on the maximum number of CCEs available in one slot when monitoring occasions are increased. Regarding the maximum number of BDs and CCEs used for channel estimation in Rel-15 Case 2, the following agreements have been achieved [5], and the UE capability for Case 2 for PDCCH BDs / CCEs is the same as that of Case 1-1 and Case 1-2, as shown in the Table 1.

Table 1 The maximum number of BDs and CCEs per slot for Rel-15 Case2
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	Max number of BDs
	Max number of non-overlapped CCEs

	0
	44 
	56 

	1
	36 
	56 

	2
	22 
	48 

	3
	20 
	32 


It is that can be achieved from Table 1, the maximum number of CCEs in one slot is 56 when the SCS is 15 kHz. Considering the URLLC scenario, UE configures a common search space with an aggregation level of {4, 8, 16}, and the corresponding PDCCH candidate numbers of {4, 2, 1}. And the size of common search space is 16 CCEs. It is assumed that the UE-specific search space does not overlap with the common search space, the size of the UE-specific search space is 40 CCEs at this time, and the aggregation level may be {1, 2, 4, 8, 16}.

Considering the URLLC scenario, we need to increase the PDCCH monitoring occasions for scheduling quickly. When there are 7 monitoring occasions in a slot, that is 2 OS per monitoring period, If the number of control resources in the slot is not increased and control resources in the slot are equally divided, then each monitoring occasion has only 8 CCEs, and we think the number of control resources is too small under URLLC scenario. A higher AL can reduce the coding rate of the PDCCH, thereby reducing the demodulation error rate. And from the previous discussion, we can also know that in order to meet the reliability requirements of URLLC, it maybe needs 8CCEs or 16CCEs. It is difficult to meet the reliability requirements in the case of aggregation levels 1, 2, and 4. So it is necessary to increase the number of control resources at this time. As for how much needs to be increased, it is necessary for further discussion.
In order to make balances between overhead and control resources, it can be considered that there is only a common search space in the first PDCCH monitoring occasions, and only the UE-specific search space is available in the remaining PDCCH monitoring occasions. And the number of control resources of the UE-specific search space is also required a lower limit. As mentioned above, in order to achieve the goal of reliability, the number of a UE-specific search space is at least 8CCEs or 16 CCEs. As for the lower limit of resources number can be discussed further. 
Besides, the upper limit of the number of resources can be further discussed, because when the number of control resources is too large, the overhead becomes large, and the resources for transmitting data become less, which will affect the throughput of actual users.

Observation 1: Increased number of control resources should be limited, considering the other factor, such as overhead and throughput of users.

When 2 PDCCH monitoring occasions are set in one slot, there are 7OS in a monitoring period, per monitoring occasion has 28CCEs in the case of equal division. If there is a common search space, consisting of 16CCEs, the number of CCEs used for a UE-specific search space is only 12CCEs. The number of CCEs used in the UE-specific search space in the original slot is about 40 CCEs. So if a monitoring period has enough OFDM sysmbols,such as 7OS, it is necessary to increase the number of control resources in the slot, at least ensuring the same capacity of per monitoring occasion as the original slot. Similarly, when a monitoring period has enough OFDM sysmbols, such as 10OS or so, it is not necessary to allocate control resources for the monitoring period separately, which is consistent with the original slot.

Proposal 3: Consider how to divide the control resources of the slot according to different monitoring period lengths. As for the length of the monitoring period, can be discussed further.

· When the monitoring period is as small as 2OS, the number of control resources need to be increased. 

· it is considered that there is only a common search space in one or several monitoring periods;

· and the number of control resources in the UE-specific search space cannot be too small, and needs to be considered a lower limit.

· When the monitoring period is large enough, such as 10OS, it is not considered to allocate control resources separately for the monitoring period.

·  be consistent with the original slot
· When the monitoring period is at the length of 7OS or so, it may be necessary to consider increasing the number of control resources in per monitoring period, at least as much as the original slot.

4 Conclusion
In this contribution, some PDCCH enhancements were discussed and proposed for consideration. Based on above discussions, we have the following proposals: 

Proposal 1: It is necessary to evaluate whether it is necessary to reduce the redundancy version field according to the impact on the performance.

· the impact of the retransmission performance after the redundancy version field is reduced to 1 bit.
Proposal 2: When there are some other information known, the 1 bit redundancy version can represent more conditions, combined with some other information.

Observation 1: Increased number of control resources should be limited, considering the other factor, such as overhead and throughput of users.

Proposal 3: Consider how to divide the control resources of the slot according to different monitoring period lengths. As for the length of the monitoring period, can be discussed further.

· When the monitoring period is as small as 2OS, the number of control resources need to be increased. 

· it is considered that there is only a common search space in one or several monitoring periods;

· and the number of control resources in the UE-specific search space cannot be too small, and needs to be considered a lower limit.

· When the monitoring period is large enough, such as 10OS, it is not considered to allocate control resources separately for the monitoring period.

·  be consistent with the original slot

· When the monitoring period is at the length of 7OS or so, it may be necessary to consider increasing the number of control resources in per monitoring period, at least as much as the original slot.
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