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1. Introduction

This paper is a revision of R1-1715687 ever submitted to RAN1 NR AH#3 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 beem identified for DL RA type 0, DL RA type 1, UL RA type 0 and UL RA type 1. 
In our companion contributions [3][4], our considerations on bitfields in DCI for resource allocation of PDSCH, PUSCH and PUCCH are introduced. Based on the analysis in the two papers, we will develop an analysis on DCI formats and DCI contents in this contribution.
2. DCI formats
According to our analysis in [4], we observed that the frequency-domain RA bitfield for Type 0 RA and Type 1 RA may be in substantially different sizes. Therefore it is better to have different DCI formats for the two types of resource allocations. And same as in LTE, different DCI formats should be specified for DL and UL.
The second question is whether different DCI formats should be specified for slot-based and non-slot-based scheduling. Our answer to this question is Yes. Our analysis in [4] suggests that at least the time-domain RA bitfield should be in different structure and size for slot-based and non-slot-based scheduling. Different sizes of frequency-domain RA bitfield can also be considered if different RBG sizes are more suitable for the two scheduling types. Setting different DCI formats for the two types of scheduling is also helpful for configuring the number of blind decoding separately for them.
The third question is about the DCI format for multi-slot scheduling. Based on our analysis in [4], multi-slot scheduling should not consume a higher DCI overhead than one-slot DCI. The time-domain RA bitfield for multi-slot scheduling can be limited to the same size as one-slot DCI by sacrificing some symbol-level scheduling flexibility. Hence our proposal is to specify the same set of DCI formats jointly supporting one-slot and multi-slot scheduling.
Finally, high-reliablity services may require “compact DCI” to improve the PDCCH reliablity. A compact DCI may have significantly smaller payload, which results in a different structure. Hence different DCI formats should be specified for high-reliability. Some analysis on PDCCH design for URLLC is presented in our companion contribution [5].
Proposal 1 : For DCI formats of NR-PDCCH,
· Different DCI formats are specified for Type 0 and Type 1 RA in DL or UL.
· Different DCI formats are specified for slot-based and non-slot-based schedulings.
· Same DCI format is specified one-slot and multi-slot schedulings.
· Different DCI formats are specified for high-reliability services.
3. Contents of RA-related bitfields
DCI contents for NR have been discussed over RAN1 email reflector. Based on our companion contributions [3][4], some opinions on RA-related bitfields are presented below. Here we assume the RBG size is same for slot-based and non-slot-based scheduling, although if different RBG sizes should be specified needs to be further studied.
Table 1: Considerations on RA-related bitfields in DCI
	Bitfield
	DCI format
	Number of bits in the bitfield
	Contents

	Frequency-domain RA
	Formats for Type 0 RA 
	20
	2-bit BWP indicator + 18-bit bitmap

	
	Formats for Type 1 RA
	17
	17-bit RIV

	Time-domain RA
	Formats for DL slot-based scheduling
	7
	3-bit slot indication + 4-bit symbol indication

	
	Formats for DL non-slot-based scheduling
	6
	6-bit symbol indication

	
	Formats for UL slot-based scheduling
	7
	3-bit slot indication + 4-bit symbol indication

	
	Formats for UL non-slot-based scheduling
	7
	7-bit symbol indication

	PUCCH resource indicator
	All DL DCI formats
	10
	2-bit starting slot indication + 3-bit starting PRB indication + 2-bit BWP indicator (can be avoided if only one UL BWP is used for PUCCH RA) + 5-bit ARI based on RRC-configured PUCCH RESET


Based on this table, limiting the DCI payload to 60 bits is challenging. Our proposal is to first sort out the required number of bits for each bitfield from the performance perspective, and calculate number of bits exceeding the target. Then the overall payload can be further reduced by trying to shrink each bitfield.

Proposal 2 : First, sort out the required bitwidth for each bitfield from the performance perspective, and calculate number of bits exceeding the target. Then the overall payload can be further reduced by trying to shrink each bitfield.
4. Conclusions
In this paper, an analysis is developed on DCI formats and some DCI contents. The proposals include:
Proposal 1: For DCI formats of NR-PDCCH,
· Different DCI formats are specified for Type 0 and Type 1 RA in DL or UL.
· Different DCI formats are specified for slot-based and non-slot-based schedulings.
· Same DCI format is specified one-slot and multi-slot schedulings.
· Different DCI formats are specified for high-reliability services.
Proposal 2 : First, sort out the required bitwidth for each bitfield from the performance perspective, and calculate number of bits exceeding the target. Then the overall payload can be further reduced by trying to shrink each bitfield.
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