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Introduction
This contribution considers DL control signaling enhancements for URLLC according to the following scope of the URLLC WI [1]

· Specification of PDCCH enhancements [RAN1]
· DCI format(s) with configurable sizes for some fields, with a minimum DCI size targeting a reduction of 10~16 bits relative to Rel-15 DCI format 0_0/1_0 and a maximum DCI size that can be larger than Rel-15 DCI format 0_0/1_0, and provide the possibility to align with the size of the DCI format 0_0/1_0 (including possible zero padding if any) 
· Increased PDCCH monitoring capability on at least the maximum number of non-overlapped CCEs per slot for channel estimation for at least one SCS subject to restrictions including, but not necessary limited to, those identified in TR 38.824. Enhancements for PDCCH monitoring capability on the maximum number of monitored PDCCH candidates per slot (with potential restrictions) can be further considered.


PDCCH for URLLC
DCI Formats
In RAN1#96, a minimal agreement was made to support at least one configurable field, from a list of example fields. It is noted that Rel-15 NR supports configurability of some fields and also supports configurability for the number of bits of some fields (e.g. for BWP indicator, TDRA, rate matching indicator, ZP-CSI RS trigger, etc.). 

To achieve a 10-16 bit reduction in the number of DCI format bits for URLLC, some fields need to be reduced in size (this was also the case for MTC/NB-IoT in LTE). Also, depending on the application, the DCI format for URLLC can be larger than DCI format 0_0/1_0 in order to enable more functionalities than provided by the fallback DCI formats in Rel-15 while not reducing the size of fields relative to the ones in DCI format 0_0/1_0. The simplest way to allow such a wide variation in the DCI format size for URLLC is for the network to choose the DCI format size. For example, the network can consider the latency/reliability requirements for a given URLLC application, the TBS, the UE channel conditions, etc. The network chooses the DCI format size by choosing the size of the individual fields and therefore the configurability for the number of bits of DCI format fields introduced in Rel-15 NR can apply in general. 

Table 1 and Table 2 list the fields of DCI format 0_1 and DCI format 1_1 and consider whether a configurability for the number of bits of a field has any specification impact. Specification impact related to the interpretation of the field for URLLC purposes is independent of whether or not the size of the field is configurable and such impact is not considered. Specification impact related to the different number of bits of a field, such as an RRC configuration having 4 instead of 8 values, is also not considered. The DCI format identifier bit and the CRC/RNTI are not considered. Fields in DCI format 0_0 and DCI format 1_0 that do not exist in DCI format 0_1 and DCI format 1_1, such as the UL/SUL indicator, can be configured as in Rel-15.
 
Table 1: DCI format 0_1
	Field with Configurable Size
	Specification Impact

	Carrier indicator
	No specification impact

	UL/SUL indicator
	As in Rel-15

	BWP indicator
	As in Rel-15

	Frequency-domain PUSCH resources
	As in Rel-15 

	Time-domain PUSCH resources
	As in Rel-15

	Frequency hopping flag
	As in Rel-15

	Modulation and coding scheme 
	Has specification impact in considering a reduced MCS table – impact is minor as for MTC/NB-IoT 

	New data indicator
	1 bit

	Redundancy version
	No specification impact

	HARQ process number 
	No specification impact

	TPC command for PUSCH 
	Has specification impact in defining mapping when TPC command bits is not 2 (assuming same mapping as in Rel-15 for 2 bits)

	SRS resource indicator
	As in Rel-15

	Precoding information and number of layers
	As in Rel-15

	Antenna ports
	As in Rel-15

	SRS request
	No specification impact

	CSI request
	As in Rel-15 

	CBG transmission information (CBGTI)
	As in Rel-15

	PTRS-DMRS association
	As in Rel-15

	beta_offset indicator
	As in Rel-15

	DMRS sequence initialization
	As in Rel-15

	UL-SCH indicator
	1 bit




Table 2: DCI format 1_1
	Field with Configurable Size
	Specification Impact

	Carrier indicator
	No specification impact

	BWP indicator
	As in Rel-15

	Frequency-domain PDSCH resources
	As in Rel-15 

	Time-domain PDSCH resources
	As in Rel-15

	VRB-to-PRB mapping
	As in Rel-15

	PRB bundling size indicator
	As in Rel-15

	Rate matching indicator
	As in Rel-15

	ZP CSI-RS trigger
	As in Rel-15

	Modulation and coding scheme 
	Has specification impact in considering a reduced MCS table – impact is minor as for MTC/NB-IoT 

	New data indicator
	1 bit

	Redundancy version
	No specification impact

	HARQ process number 
	No specification impact

	Downlink Assignment Index 
	No or minor specification impact

	TPC command for PUCCH 
	Has specification impact in defining mapping when TPC command bits is not 2 (assuming same mapping as in Rel-15 for 2 bits)

	PUCCH resource indicator
	No specification impact 

	PDSCH-to-HARQ feedback timing indicator
	As in Rel-15

	Antenna ports
	As in Rel-15

	Transmission configuration indication
	No specification impact

	SRS request
	No specification impact

	CBG transmission information (CBGTI)
	As in Rel-15 

	CBG flushing out information (CBGFI)
	As in Rel-15

	DMRS sequence initialization
	No specification impact



From Table 1 and Table 2, it is observed that only the configurability for the sizes of the MCS field and of the TPC command field have any specification impact. Configurability for the MCS field size can follow a similar principle as for MTC/NB-IoT in LTE where not all 32 entries as needed (e.g. no need for QAM64 modulation) and it is enough to indicate a smaller set of entries from the MCS table using a smaller number of bits. Configurability for the TPC field size may require defining new TPC command mapping, e.g. for 1 bit or 3 bits, but this is trivial. Motivations for a larger TPC command size is to address the sporadic nature of URLLC transmissions where the gNB may not have a recent estimate of the channel for fine tuning of the TPC command to accommodate fast fading and that, due to the required reliability, URLLC UEs may not be configured to monitor PDCCH for DCI format 2_2. 

Considering the above, all fields in a DCI format for URLLC UEs, except for the NDI bit and the UL-SCH indicator bit, can have configurable size. This allows maximum flexibility to the network deployment while it also minimizes specification effort and possibility for incorrect dimensioning of a field with a fixed number of bits. Testing effort is similar to the one for Rel-15 DCI formats, especially the non-fallback ones, as size variations exist over a large range of bits (e.g. due to the configurability of fields or due to the BWP size). To meet the limit of 3 unicast DCI formats per slot, the gNB can dimension the size of the DCI formats for URLLC so that they are same as DCI formats 0_0/1_0 or as DCI format 0_1 or as DCI format 1_1. If the network prefers to maintain a small size for the DCI formats for URLLC (e.g. 10-16 bits less than the size of DCI formats 0_0/1_0), padding DCI format 0_1 or DCI format 1_1 to have a same size as DCI format 1_1 or DCI format 0_1, respectively, can be possible.  

Proposal 1: Except for the NDI field and the UL-SCH indicator field, the size of each other field in a DCI format for Rel-16 URLLC is configurable.
 

UE Capability for PDCCH monitoring 
For feature group 3-5b (FG 3-5b), all PDCCH monitoring occasions can be in any OFDM symbol(s) of a slot for Case 2 with a span gap. The PDCCH monitoring occasions of FG 3-5b are those of FG 3-1 (basic PDCCH monitoring capability for MBB) and additional PDCCH monitoring occasion(s) after the third symbol of the slot can be in any symbol(s). For any two PDCCH monitoring occasions in same or different search space sets, where at least one PDCCH monitoring occasion of them is not the PDCCH monitoring occasion of FG 3-1, there is a minimum time separation of X symbols (including the cross-slot boundary case) between the start of two spans. Each span is of length up to Y consecutive symbols. The number of different start symbol indices of spans for all PDCCH monitoring occasions per slot, including PDCCH monitoring occasions of FG 3-1, is no more than floor(14/X) (X is minimum among values reported by UE). The number of PDCCH monitoring occasions per slot, including PDCCH monitoring occasions of FG 3-1, is no more than 7. 

The value of X depends on the UE implementation and is a reported UE capability. The larger the number of non-overlapping CCEs or the number of PDCCH candidates at a PDCCH monitoring occasion is, the larger the value of X is. A UE can perform additional PDCCH monitoring within a slot (beyond the maximum values for PDCCH candidates and non-overlapping CCEs defined in Rel-15), as long as the additional PDCCH monitoring is after X symbols from the previous one. 

The Rel-16 URLLC WI needs to first define the minimum value of X. For example, X can be 2/7/7 symbols for 15/30/60 kHz SCS. Once this is agreed, the maximum number of PDCCH candidates and the number of non-overlapping CCEs per PDCCH monitoring occasion, with successive PDCCH monitoring occasions separated by X symbols, need to be defined as part of the UE capability discussions in order to achieve the target value for X.

Proposal 2: Define the minimum number of symbols between successive PDCCH monitoring occasions (per SCS) and then define the maximum numbers of PDCCH candidates and non-overlapping CCEs per PDCCH monitoring occasion that can support the minimum number of symbols between successive PDCCH monitoring occasions (per SCS).


Conclusions
This contribution considered aspects related to DL control signaling for Rel-16 URLLC and proposes the following.

Proposal 1: Except for the NDI field and the UL-SCH indicator field, the size of each other field in a DCI format for Rel-16 URLLC is configurable.

Proposal 2: Define the minimum number of symbols between successive PDCCH monitoring occasions (per SCS) and then define the maximum numbers of PDCCH candidates and non-overlapping CCEs per PDCCH monitoring occasion that can support the minimum number of symbols between successive PDCCH monitoring occasions (per SCS).
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