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1. Introduction

This contribution is a re-submission of R1-1718046 ever submitted to RAN1#90bis meeting.
In RAN1 NR AH#2 meeting, a WF was agreed identifying four DCI formats corresponding to different RA types [1]:

Agreements:
· In frequency-domain, for PUSCH with DFT-s-OFDM waveform in NR, contiguous resource allocation scheme based on LTE UL RA Type 0 is adopted in Rel. 15.

· FFS:

· A coarser granularity (i.e. more than 1RB) of resource assignment in order to reduce the overhead further  

· BW parts

· In frequency-domain, for PDSCH in NR, a resource allocation scheme based on LTE DL RA Type 2 is supported in Rel. 15.

· FFS:

· A coarser granularity (i.e. more than 1RB) of resource assignment in order to reduce the overhead further  

· BW parts

· In frequency-domain, for PUSCH with CP-OFDM waveform in NR, contiguous resource allocation scheme based on LTE UL RA Type 0 is supported in Rel. 15

· FFS:

· A coarser granularity (i.e. more than 1RB) of resource assignment in order to reduce the overhead further  

· BW parts

· A DCI format with resource allocation based on LTE DL RA type 0 (i.e., bit-map) is supported for PDSCH.

· A DCI format with resource allocation based on LTE DL RA type 0 (i.e., bit-map) is supported for PUSCH with CP-OFDM waveform.

· A DCI format with resource allocation based on LTE DL RA type 2 is supported for PDSCH.

· A DCI format with resource allocation based on LTE UL RA type 0 is supported for PUSCH with CP-OFDM waveform and with DFT-s-OFDM waveform.
· FFS: some or all of the above DCI formats have the same DCI payload size.
Note: In the draft TS 38.214 [2], the resource allocation based on LTE DL RA type 0 (i.e., bit-map) is renamed as DL or UL resource allocation type 0. And the resource allocation based on LTE DL RA type 2 is renamed as DL or UL resource allocation type 1. At least four DCI formats have been identified for DL RA type 0, DL RA type 1, UL RA type 0 and UL RA type 1. 
High-reliability services, e.g. URLLC requires a much higher PDCCH reliability than eMBBs services. In this contribution, we will develop an analysis on DCI and PDCCH structure for URLLC.
2. Compact DCI for URLLC
Since the URLLC transmission is required to achieve the 99.999% reliability, the reliability of one-shot PDCCH for URLLC should not be lower than 99.999%. To obtain the ultra reliable transmission, the inevitable way is to transmit more redundency bits by sacrificing spectral efficiency. A straightforward approch is to support higher aggregation levels, e.g. 16 and 32, and to limit the DCI payload to a much lower level than normal DCI, e.g. ≤20 bits. 
In order to substantially reduce the DCI payload, two approaches can be considered:

· Reduce number of bits of each bitfield;

· Remove some bitfields.

Frequency-domain RA bitfield
From our perspective, Type 0 RA is still needed for URLLC. A urgent scheduling is often needed for allocating a URLLC traffic even when resource for eMBB services have been scheduled. Although pre-emption of eMBB resource is supported by NR, it is not desired if a large number of eMBB UEs are impacted. Hence it is essential for gNB to allocate all remaining PRBs for a URLLC traffic even if they are fragmented distributed over the carrier bandwidth. Hence Type 0-based non-contiguous RA should be supported for URLLC.

In order to limited to the RA bitmap to a very small size, e.g. 4 bits, coarser granularities, i.e. RBG sizes should be supported, e.g. 32 and 64 (as shown in Table 1). The maximum bandwidth part size = 256 PRBs is enough for URLLC. 2-bit BWP indicator is also needed for URLLC.
Table 1: BWP size ( RBG size mapping table for URLLC
	Bandwidth Part Size
	RBG Size
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	≤4
	1

	5 – 8
	2

	9 – 16
	4

	17 – 32
	8

	33 - 64
	16

	65 - 128
	32

	129 - 256
	64


Time-domain RA bitfield
URLLC should be based on non-slot-based scheduling. The starting symbol can be fixed to two possible positions. PDCCH(PDSCH timing difference can be -2, -1, 0 or 1 symbols. PDCCH(PUSCH timing difference can be 2, 3, 4, 5 symbol. This is based on the assumption that 3-symbol CORESET is supported for URLLC PDCCH, in order to guarantee PDCCH performance in weak coverage.

The PDSCH/PUSCH transmission duration is limited to 4 possibilities: 1 ~ 4 symbols. 
Size of MCS bitfield for URLLC can also be smaller because only the low-level MCSs are needed.
Proposal 1: For URLLC,
· Both Type 0 and Type 1 RA should be supported for URLLC.
· RBG size = 32 and 64 are supported for URLLC.
· Use non-slot-based scheduling for URLLC.

· PDCCH(PDSCH/PUSCH timing difference is limited to 4 values.

· PDSCH/PUSCH transmission duration is limited to 1 ~ 4 symbols.
Meanwhile compacting each bitfield, removing some bitfields from scheduling DCI is another solution. Following bitfields can be considered to be removed.
CBG-related bitfield

URLLC traffic is less likely to have a extremely high TBS, and will not be pre-empted by another URLLC transmission. Hence CBG-based transmission and HARQ are not necessary for URLLC. This bitfield can be removed from DCI.

PUCCH resource indicator bitfield
Bitfield for PUCCH resource indicator can also be removed if the PUCCH resource is explicitly derived (as in LTE).

CSI-RS and SRS-related bitfield

In a normal DCI, CSI-RS-related bitfield and SRS-RS-related bitfield are included in the scheduling DCI. However, in order to compact the scheduling DCI, the bitfields can be considered to be moved to a separate DCI.
Proposal 2: For URLLC, CBG-related bitfield, PUCCH resource indicator bitfield and CSI-RS and SRS-related bitfields can be removed from the scheduling DCI.
3. PDCCH structure for URLLC
3.1. Time-domain structure of URLLC PDCCH

Different types of low latency services requires different PDCCH monitoring granularities. Some low latency services are to some extent periodic and the arrival time of the low latency traffic is roughly predictable. Hence a UE may not need always to be configured to the “per-symbol monitoring granularity”. 

One approach is (depicted in Fig.1): The gNB can configure the UE to a relatively large monitoring granularity (e.g. per-slot monitoring) as a default configuration when the low latency traffic has not arrived. Just before the low latency traffic arrives, the gNB can re-configure the UE to a small monitoring granularity (e.g. per-symbol monitoring). After the low latency transmission ends, the monitoring granularity configuration of the UE can be returned to per-slot monitoring. The default monitoring granularity can be semi-statically configured by RRC signaling. The “low latency” monitoring granularity and corresponding duration can be dynamically indicated by DCI.
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Fig.1: Large monitoring granularity for default configuration and low-latency monitoring granularity with dynamic indication
Another approach is (depicted in Fig.2): The gNB can configure the UE to a low latency monitoring granularity (e.g. per-symbol monitoring) as a default configuration. If the gNB does not expect the arrival of low latency traffic in a time duration, the gNB can re-configure the UE to a larger monitoring granularity (e.g. per-slot monitoring) to reduce the UE power consumption. After the duration ends, the monitoring granularity configuration of the UE can be returned to per-symbol monitoring. The default monitoring granularity can be semi-statically configured by RRC signaling. The larger monitoring granularity and corresponding duration can be dynamically indicated by DCI.
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Fig.2: Low-latency monitoring granularity for default configuration and larger monitoring granularity with dynamic indication

Changing default monitoring granularity by dynamic indication can flexibly support low-latency PDCCH monitoring meanwhile minimizing the UE blind detection complexity and power consumption.
Proposal 3: PDCCH monitoring periodicity of a UE can be configured/indicated for a time duration: 
· Multiple periodicities can be configured semi-statically (e.g. via RRC signaling).
· Activate/deactivate one periodicity among the configured periodicities with DCI.
· A default value can be specified for a UE to determine the monitoring periodicity in case of no configuration/indication.
3.2. Frequency-domain structure of URLLC PDCCH
Since a URLLC UE may need to monitor the PDCCH in very small granularity, e.g. monitoring PDCCH per symbol, the frequency-domain search space should be constrained into a narrow bandwidth as possible in order to reduce the detection complexity and latency. An example is illustrated in Fig.3. The PDCCH can be placed in a relatively fixed frequency-domain range which is semi-statically configured by higher layer signaling.
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Fig.2: PDCCH structure optimized for URLLC service requirements
Proposal 4: Semi-statically configure a CORESET and search space of URLLC PDCCH spanning a relatively narrow frequency range. 

4. Conclusions
In this contribution, we will develop an analysis on DCI and PDCCH design for URLLC. The relevant proposals include:
Proposal 1: For URLLC,
· Both Type 0 and Type 1 RA should be supported for URLLC.
· RBG size = 32 and 64 are supported for URLLC.
· Use non-slot-based scheduling for URLLC.

· PDCCH(PDSCH/PUSCH timing difference is limited to 4 values.

· PDSCH/PUSCH transmission duration is limited to 1 ~ 4 symbols.
Proposal 2: For URLLC, CBG-related bitfield, PUCCH resource indicator bitfield and CSI-RS and SRS-related bitfields can be removed from the scheduling DCI.
Proposal 3: PDCCH monitoring periodicity of a UE can be configured/indicated for a time duration: 
· Multiple periodicities can be configured semi-statically (e.g. via RRC signaling).
· Activate/deactivate one periodicity among the configured periodicities with DCI.
· A default value can be specified for a UE to determine the monitoring periodicity in case of no configuration/indication.
Proposal 4: Semi-statically configure a CORESET and search space of URLLC PDCCH spanning a relatively narrow frequency range.
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