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1. [bookmark: _Toc120549591]Introduction
In RAN1#104b-e meeting, the following agreements were made regarding the DCI formats of RedCap UEs [1]. 
Agreements:
· Reuse the existing DCI formats 0_x/1_x (including Rel-16 DCI format 0_2/1_2) applicable to Redcap devices as a starting point.  
· FFS Whether and how potential modification on fields of existing DCI formats is considered to reduce PDCCH block issue, if any.
· FFS: Which DCI formats are mandatory for the RedCap UEs to support.
 
In this contribution, considerations on potential modification of existing DCI formats and related specs influences are discussed and proposals are given.
2. Discussion on potential modification of existing DCI formats
1 
2 
Last RAN1 meeting has agreed to reuse at least the existing DCI formats 0_x/1_x (including Rel-16 DCI format 0_2/1_2) to RedCap UEs, and potential modification on fields of existing DCI formats needs to be further discussed.
During initial access, RedCap UEs can reuse existing DCI formats 0_0/1_0. After initial access, RedCap UEs can use DCI formats 0_1/1_1 or compact DCI formats 0_2/1_2. Compared with existing DCI 1_1 and 1_2, the potential modification of DCI 1_1 and 1_2 for RedCap UEs is listed as follow:
1) For DCI 1_1 and 1_2, the bit field of carrier indicator can be ignored since CA is not allowed for RedCap UEs. 
2) For DCI 1_1 and 1_2, when BWP switching is not allowed, the bitwidth of bandwidth part indicator is 0. Actually, when separate initial BWP of RedCap UEs has different center frequency from legacy UEs, RedCap UEs may switch to initial BWP of legacy UEs to receive SSB and SI. If the number of RedCap UEs is small and traffic offloading is not necessary, RedCap UEs do not need to stay on separate initial BWP and may switch to initial BWP of legacy UEs. In this case, the bitwidth of bandwidth part indicator is 1, 2.
3) For DCI 1_1 and 1_2, when the bandwidth of RedCap UEs is 20MHzand SCS is 30kHz, the bitwidth of frequency domain resource assignment field is 11 bits. 
4) For DCI 1_1, the bitwidth of downlink assignment index is 0, 2, 4 since CA is not allowed. For DCI 1_2, the bitwidth of downlink assignment index is 0, 1, 2 since CA is not allowed and total DAI is not necessary.
5) For DCI 1_1, the bit fields of one-shot HARQ-ACK request, PDSCH group index, new feedback indicator, number of requested PDSCH group(s) are used for enhanced Type-2 HARQ-ACK codebook and Type-3 HARQ-ACK codebook. These two codebooks are designed for NR-U to improve HARQ-ACK feedback reliability. The motivation of introducing enhanced Type-2 and Type-3 HARQ-ACK codebook for RedCap UEs is not clear, thus these bit fields can be ignored.
6) When the number of Rx branches of RedCap UEs is reduced, the supported MIMO layers are also reduced. Then the antenna port indexes for DMRS with more than 1 port for maximum 1Rx and with more than 2 ports for maximum 2Rx in Tables 7.3.1.2.2-1/2/3/4 of TS38.212 are not applicable. So the bitwidth of antenna port field for DCI 1_1 and 1_2 can be reduced to 3, 4 for 1Rx, and reduced to 4, 5 for 2Rx. 
7) For DCI 1_1 and 1_2, the bit fields of transport block 2, CBGTI and CBGFI can be ignored since the maximum RedCap UE bandwidth is comparatively small and the packet size is similar to that in LTE network.
8) For DCI 1_1, the bitwidth of ChannelAccess-CPext depends on whether RedCap UEs support shared spectrum channel access. If RedCap UEs do not support shared spectrum channel access, the bit field of ChannelAccess-CPext can be ignored.
9) For DCI 1_1, the bit field of SCell dormancy indication can be ignored since CA is not allowed.
Proposal 1: In DCI 1_1 and 1_2 for RedCap UEs, the bit field of carrier indicator can be ignored.
Proposal 2: In DCI 1_1 and 1_2 for RedCap UEs, the bitwidth of frequency domain resource assignment field can be reduced due to reduced maximum RedCap UE bandwidth.
Proposal 3: In DCI 1_1 and 1_2 for RedCap UEs, the bitwidth of downlink assignment index can be reduced since CA is not allowed.
Proposal 4: In DCI 1_1 and 1_2 for RedCap UEs, the bitwidth of antenna port field can be reduced due to reduced Rx branches.
Proposal 5: In DCI 1_1 and 1_2 for RedCap UEs, the bit fields of transport block 2, CBGTI and CBGFI can be ignored.
Proposal 6: In DCI 1_1 for RedCap UEs, the bit fields of one-shot HARQ-ACK request, PDSCH group index, new feedback indicator, number of requested PDSCH group(s), SCell dormancy indication can be ignored.
In summary, the detail of DCI 1_1 and 1_2 for RedCap UEs is given in Table 1. 
Table 1. Potential modification of DCI 1_1 and 1_2 for RedCap UEs
	DCI bit field
	Bitwidth of field in existing DCI 1_1
	Bitwidth of field in DCI 1_1 for RedCap UEs
	Bitwidth of field in existing DCI 1_2
	Bitwidth of field in DCI 1_2 for RedCap UEs

	Identifier for DCI formats
	1
	1
	1
	1

	Carrier indicator
	0,3
	0
	0,1,2,3
	0

	Bandwidth part indicator
	0,1,2
	0,1,2
	0,1,2
	0,1,2

	Frequency domain resource assignment
	16bit (273RB)
	11bit (50RB)
	16bit (273RB,K2=1)
	11bit (50RB,K2=1)

	Time domain resource assignment
	0,1,2,3,4
	0,1,2,3,4
	0,1,2,3,4
	0,1,2,3,4

	VRB-to-PRB mapping
	0,1
	0,1
	0,1
	0,1

	PRB bundling size indicator
	0,1
	0,1
	0,1
	0,1

	Rate matching indicator
	0,1,2
	0,1,2
	0,1,2
	0,1,2

	ZP CSI-RS trigger
	0,1,2
	0,1,2
	0,1,2
	0,1,2

	transport block 1
	8
	8
	6,7,8
	6,7,8

	transport block 2
	8
	0
	0
	0

	HARQ process number
	4
	4
	0,1,2,3,4
	0,1,2,3,4

	Downlink assignment index
	0,2,4,6
	0,2,4
	0,1,2,4
	0,1,2

	TPC command for scheduled PUCCH
	2
	2
	2
	2

	PUCCH resource indicator
	3
	3
	0,1,2,3
	0,1,2,3

	PDSCH-to-HARQ_feedback timing indicator
	0,1,2,3
	0,1,2,3
	0,1,2,3
	0,1,2,3

	One-shot HARQ-ACK request
	0,1
	0
	0
	0

	PDSCH group index
	0,1
	0
	0
	0

	New feedback indicator
	0,1,2
	0
	0
	0

	Number of requested PDSCH group(s)
	0,1
	0
	0
	0

	Antenna port(s)
	4,5,6
	3,4 (1Rx)
4,5 (2Rx)
	0,4,5,6
	0,3,4 (1Rx)
0,4,5 (2Rx)

	Transmission configuration indication
	0,3
	0,3
	0,1,2,3
	0,1,2,3

	SRS request
	2,3
	2,3
	0,1,2,3
	0,1,2,3

	CBGTI
	0,2,4,6,8
	0
	0
	0

	CBGFI
	0,1
	0
	0
	0

	DMRS sequence initialization
	1
	1
	0,1
	0,1

	Priority indicator
	0,1
	0,1
	0,1
	0,1

	ChannelAccess-CPext
	0,1,2,3,4
	0
	0
	0

	Minimum applicable scheduling offset indicator
	0,1
	0,1
	0
	0

	SCell dormancy indication
	0,1,2,3,4,5
	0
	0
	0

	Minimum total bitwidth
	49
	35 (50RB,1Rx)
	25
	20 (50RB,1Rx)

	Maximum total bitwidth
	104
	61 (50RB,1Rx)
	70
	58 (50RB,1Rx)


According to Table 1, the total bitwidth of modified DCI 1_1 for RedCap UEs is much smaller than the total bitwidth of DCI 1_1 for legacy UEs. The total bitwidth of modified DCI 1_2 for RedCap UEs is smaller than the total bitwidth of modified DCI 1_1 for RedCap UEs. Thus, after initial access, RedCap UEs should use modified DCI 1_2 to reduce DCI size.
Proposal 7: After initial access, RedCap UEs should use DCI 1_2 with appropriate modification.
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3. Conclusions
In this contribution, considerations on potential modification of existing DCI formats are discussed, and the following proposals are made.
Proposal 1: In DCI 1_1 and 1_2 for RedCap UEs, the bit field of carrier indicator can be ignored.
Proposal 2: In DCI 1_1 and 1_2 for RedCap UEs, the bitwidth of frequency domain resource assignment field can be reduced due to reduced maximum RedCap UE bandwidth.
Proposal 3: In DCI 1_1 and 1_2 for RedCap UEs, the bitwidth of downlink assignment index can be reduced since CA is not allowed.
Proposal 4: In DCI 1_1 and 1_2 for RedCap UEs, the bitwidth of antenna port field can be reduced due to reduced Rx branches.
Proposal 5: In DCI 1_1 and 1_2 for RedCap UEs, the bit fields of transport block 2, CBGTI and CBGFI can be ignored.
Proposal 6: In DCI 1_1 for RedCap UEs, the bit fields of one-shot HARQ-ACK request, PDSCH group index, new feedback indicator, number of requested PDSCH group(s), SCell dormancy indication can be ignored.
Proposal 7: After initial access, RedCap UEs should use DCI 1_2 with appropriate modification.
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