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1. Introduction
Following are agreements and working assumptions achieved in previous RAN1 meetings.
(RAN1 NR AH 1801) Agreements:
For one carrier:
· (working assumption) Payload sizes for 2-2 and 2-3 are padded (if needed) to match the size of formats 0-0/1-0 as defined by the initial BWP
· (working assumption) At most 4 different DCI sizes are monitored by the UE per slot
· At most 3 different DCI sizes are monitored per C-RNTI per slot
· Payload size for formats 0-1 and 1-1 may differ

(RAN1 NR AH 1801) Agreements:
· DCI format 0_1 and 1_1 are monitored only in USS.
· DCI format 0_0 and 1_0 are monitored in CSS.
· DCI format 0_0 and 1_0 can be monitored in USS.
· They have the same DCI payload size.
· One of the following is configured by RRC signaling for the USS:
· Monitoring DCI format 0_1 and 1_1 only
· Monitoring DCI format 0_0 and 1_0 only

(RAN1 NR AH 1801) Agreements:
Working assumption:
· Sizes of all DCI bitfields in DCI formats 0-1 and 1-1 in USS determined by current BWP. Data transmitted on the BWP indicated by the BWP index. If the BWP index activates another BWP, transform as follows:
· Zero-pad too small bitfields to match the new BWP
· Truncate too large bitfields to match the new BWP

(RAN1 #92) Agreements:
· DCI formats 0-0/1-0, 0-1, and 1-1 can have different sizes. 
· DCI formats 0-1 and 1-1 can be received in USS only. The size is determined by the active BWP.

 (RAN1 #92) Agreements:
Working assumption:
· When monitoring for DCI in a BWP, the size of DCI format 0-0/1-0 is given by
· For format 0-0/1-0 (regardless of RNTI) in CSS, the size is given by the initial DL BWP
· For format 0-0/1-0 in USS, the size is given by the active BWP as long as the DCI size budget is fulfilled 
· FFS: Otherwise, for format 0-0/1-0, the size is given by the initial DL BWP
· FFS: how to meet the C-RNTI size and DCI size budget per slot
· align 0-1 and 1-1
· configure active BWP such that the DCI size is the same as of the initial BWP
· do not configure 0-1 and 1-1
· do not configure 0-0/1-0 in USS
· other are not precluded
· FFS: for format 0-0/1-0, how to interpret the frequency-domain field in a DCI with a size defined from a BWP with a different size than the BWP it is applied to


2. Discussion on DCI size budget per slot
In Table 1, the DCI sizes a UE shall monitor in a slot are summarized. According to Table 1, there can be up to 4 different DCI sizes with C-RNTI (A0 - A3) monitored by a UE in the slot, and up to 6 different DCI sizes (A0 - A5) monitored by a UE per slot, which violates previous working assumptions. Several possible options have been listed to meet the DCI size budget.
[bookmark: _Ref509314781]Table 1: Summary of DCI sizes
	DCI format
	RNTI
	Search Space
	BWP

	
	
	
	Initial
	Active

	0-0
	C-RNTI
CS-RNTI
SP-CSI-RNTI
	CSS
	Size A0
	

	
	
	USS
	
	Size A1

	1-0
	P-RNTI
SI-RNTI
RA-RNTI
C-RNTI
CS-RNTI
SP-CSI-RNTI
TC-RNTI
	CSS
	Size A0
	

	
	C-RNTI
CS-RNTI
SP-CSI-RNTI
	USS
	
	Size A1

	0-1
	C-RNTI
CS-RNTI
SP-CSI-RNTI
	USS
	
	Size A2

	1-1
	C-RNTI
CS-RNTI
SP-CSI-RNTI
	USS
	
	Size A3

	2-0
	SFI-RNTI
	CSS
	Size A4 (up to 128 bits)

	2-1
	INT-RNTI
	CSS
	Size A5 (up to 126 bits)

	2-2
	TPC-PUCCH-RNTI
TPC-PUSCH-RNTI
	CSS
	Size A0

	2-3
	TPC-SRS-RNTI
	CSS
	Size A0


2.1 DCI size budget with C-RNTI per slot
We begin with the DCI size budget with C-RNTI per slot. A direct solution is to increase the DCI size budget proposed in the working assumption. If adopted, the problem of DCI size alignment and possible restriction on scheduling flexibility are no longer existed. The motivation to add DCI size budget is to reduce the number of blind decoding a UE has to perform. This aspect have already been achieved via limiting the number of PDCCH candidates and number of CCEs in channel estimation.
If the DCI size budget is kept, the first option to meet the budget is to avoid configuring format 0_0/1_0 in USS. Format 0_0/1_0 in USS is generally used for some fallback cases, for instance during the RRC reconfiguration period. Avoid configuring format 0_0/1_0 in USS may cause ambiguity of scheduling under such cases and sometimes is spectral inefficient because of the larger size of format 0_1/1_1. 
Another option is to align the DCI size of format 0_1/1_1 in USS. According to the summary of DCI size range of format 0_1/1_1 in Table 2, there may have dramatic variations on DCI size between format 0_1 and 1_1 since multiple function fields are configurable to provide adequate scheduling flexibility. The evaluation results in our campaign contributed R1-1802042 shows that, “Additional 5-bit DCI size could induce about 0.25dB performance loss at 1% BLER”. If the DCI size difference increases to 20 bits, the performance loss is about 1dB. Consequently, simply align the DCI size of format 0_1/1_1 is not a good solution at least for the case when the DCI size difference of two formats are relatively large.
The left options include, 1) configure the bandwidth of active BWP such that the DCI size is same as that of initial BWP; and 2) do not configure format 0_1 and/or 1_1. Both the two options greatly restrict flexibility of NR usage and should not be considered as a general solution. Based on the analysis above, we prefer to increase DCI size budget with C-RNTI per slot.
Proposal 1: In terms of the DCI size budget per C-RNTI per slot, we have the following two proposals:
a) Modify the working assumption that at most 4 different DCI sizes can be monitored per C-RNTI per slot or 
b) UE don’t monitor the format 0_0/1_0 in USS when it exceeds the DCI size budget per-RNTI per slot, even if format 0-0/1-0 is configured in USS.
2.2 Total DCI size budget per slot
For the total DCI size budget per slot (i.e., “At most 4 different DCI sizes are monitored by the UE per slot”), if the DCI size budget with C-RNTI per slot is broadened, the working assumption should be revised as “At most 1 more additional DCI size are monitored by the UE per slot for other RNTIs than C-RNTI, (e.g., SFI-RNTI, INT-RNTI)”. In general, we also prefer to increase this total DCI size budget. The reason is similar as illustrated above. 
If the budget is kept, the typical solution is to align the size A4 and A5, or align one of the size A4 and A5 to size A0. The DCI size of SFI per serving cell depends on the size of RRC configured SFI-combination-table, while the size of preemption indication (PI) per serving cell is 14-bit. This requires gNB to carefully allocate the number of serving cells for SFI and PI indicated in a single group-common PDCCH such that the DCI size difference between two aligned DCI sizes is not too large. Otherwise the performance degradation would be a concern.
Another option is to separately configure the monitoring periodicity and/or offset of SFI and PI to ensure that UE is not expected to monitor A4 and A5 in the same slot. This has no impact on specification and only depends on the practical configuration.
Proposal 2: Consider to increase the total DCI size budget per slot in previous working assumption to handle all possible DCI sizes. If not, following options could be considered: 1) the size of either format 2_0 or format 2_1 is aligned to match the DCI size of format 0_0/1_0 defined by initial BWP; or 2) the size of format 2_0 and 2_1 is always aligned.
3. [bookmark: _Hlk509500848]DCI format design without zero-padding bits
It is agreed that format 0-1 and format 1-1 can have different DCI size, one question is whether the identifier for DCI formats be kept or not since no padding bit is used. We proposed that 1 bit for the identifier for DCI format 0-1/1-1 be kept, and the technical reasons are presented as follows. 
It is known that Polar code is used as the coding scheme for control channel. And all the existing decoders of Polar code are based on successive cancellation (SC) decoder [3-4]. Be different from the traditional channel coding (convolution code) in LTE, SC decoder enables the info bits to be decoded successively. That is, the info bits could be decoded one by one bit. Taking advantage of this property, a header related to a specific DCI size which is determined by corresponding DCI format could be decoded first, and then the decoded bits can be checked if it is matched with the corresponding DCI size. If yes, it continues the remaining decoding process; if no, then this decoding processing is stopped directly and the UE tries to decode other DCI candidates. Note that the method may not reduce the number of blind decoding but does reduce the complexity and latency as only the bits in the header needs to be decoded.
Let’s understand this scheme with a simple example. As shown in Fig 1, one bit of DL/UL is included in the header. All other DCI fields for both DL and UL are configured by RRC signaling. In this case, UE knows the specific DCI sizes for both DL general DCI format [format 1-1, size as A] and UL general DCI format [format 0-1, size as B], as illustrated as Fig 1. Then, the UE tries to decode the DCI blindly. First, the UE tries to decode the DL general DCI format with size A. The header is decoded first and then is checked if the decoded header value is matched with the DCI size A. If yes, the remaining decoding process continues; if no, the UE stops the remaining decoding process and tries to decode the DCI format 0-1 with size B similarly. We see that this method, in terms of the spec impacts, only introduce a 1 bit header field as the identifier for DCI format without zero padding alignment.


Figure 1 Illustrative of general DCI format with semi-static configured RA fields.
In terms of the header design, more than one info bit could be considered to be included, as long as they are assisted to check if the DCI size matches or not. For instance, one bit indicator for resource allocation type 0 and type 1. Furthermore, in addition to info bit(s), one parity bit could be included to improve the reliability of the header. 
Proposal 3: 1-bit identifier for DCI format 0-1 and DCI format 1-1 is kept.
DCI interpretation in BWP switching
In the current working assumption about DCI interpretation in BWP switching, the RA bitfields are based on current BWP, but is interpreted in new BWP. If the size of new BWP is smaller than or equal with current BWP, the DCI interpretation has no problem, because the RA bitfields in new BWP is shorter than or equal with the RA bitfileds based on current BWP. However, if the size of new BWP is larger than current BWP, the limited RA bitfields based on current BWP will restrict the resource allocation flexibility in new BWP because that the limited RA bitfields can only schedule partial PRBs in new BWP. 
[bookmark: _GoBack]For resource allocation type 1, the resource indication value (RIV) corresponding to a starting virtual resource block and a length in terms of contiguously allocated resource blocks is used. For example, assume the current BWP size is 10 PRB, 56 different RIV states should be used. If the new BWP is 20 PRB, total 210 different states should be used which is almost 4 times than the RIV states of 10 PRB BWP. In addition, because the RIV in resource allocation type 1 is calculated based on starting virtual RB first and RB length second, the front 56 RIV states in 20 PRB can only schedule maximum 3 PRB. Therefore, at least for resource allocation type 1, the current DCI interpretation in BWP switching restricts the resource allocation in new BWP. Especially when large data packet is arrived and a larger BWP is needed, the limited RIV values in the current smaller BWP will limit the date rate of the new BWP, decline the power efficiency.
The key problem in DCI interpretation in BWP switching is new BWP size is larger than current BWP which needs larger RA bitfields. If a new resource allocation granularity is introduced into new BWP which is larger than resource allocation granularity in current BWP (1 PRB), the RA bitfields can be equal with or smaller than RA bitfields in current BWP. Therefore, the limited RA bitfields in current BWP can schedule all the frequency resource in new BWP.
Based on this discussion, we propose the following DCI interpretation schemes for resource allocation type 1 in BWP switching which introduce new resource allocation granularity in new BWP.
· Scheme 1: The new resource allocation granularity in new BWP is according to the BWP size ratio between current BWP and new BWP.








The new resource allocation granularity in new BWP is , where  is the RB number of new BWP and  is the RB number of current BWP. The total number of new resource allocation granularity is , if , each new resource allocation granularity size is  virtual RB. Otherwise, the last new resource allocation granularity size is  virtual RB, and other new resource allocation granularity size is still  virtual RB.
Figure 2 is an example of scheme 1, assuming the current BWP is 10 PRB and the new BWP is 15 PRB. According to the scheme 1, the new resource allocation granularity in new BWP is 2 PRB.
· Scheme 2: The number of new resource allocation granularity in new BWP is equals with current BWP size.
In scheme 1, the new resource allocation granularity is scaled according to new BWP size. The only problem is that the number of new resource allocation granularity in new BWP will even smaller than current BWP which can not utilize the RA bitfields completely. Therefore, we consider the second scheme to align the current BWP size and the number of new resource allocation granularity in new BWP.  






The new resource allocation granularity in new BWP have two different sizes, one is , and the another is . In order to equal with the current BWP size, the following linear equation should be satisfied, where x is the number of resource allocation granularity  virtual RB and y is the number of resource allocation granularity  virtual RB. In frequency domain, x resource allocation granularity  virtual RB is located in lower RB indexes and then y resource allocation granularity  virtual RB.

	 
Figure 3 is an example of scheme 2, assuming the current BWP is 10 PRB and the new BWP is 15 PRB. According to the scheme 2, the new resource allocation granularity is 2 PRB and 1 PRB. The number of 2 PRB granularity x is 5, and the number of 1 PRB granularity y is 5 as well.
Both the two schemes can be used in DCI interpretation for resource allocation type 1 in BWP switching. After calculating new resource allocation granularity, the DCI RA bitfields in current BWP should be based on the number of new resource allocation granularity in new BWP, and UE should also follow the new resource allocation granularity to interpret the RA bitfields in current BWP.
[image: ]                       [image: ]
Figure 2 Scheme 1 resource allocation       Figure 3 Scheme 2 resource allocation
Proposal 4: At least for resource allocation type 1, the new resource allocation granularity can be introduced in new BWP to interpret the DCI RA fields in current BWP in BWP switching, two options can be considered,
· Option 1. The new resource allocation granularity in new BWP is according to the BWP size ratio between current BWP and new BWP.
· Option 2. The number of new resource allocation granularity in new BWP is equals with current BWP size.
4. Conclusions
In this contribution, we discuss some remaining issues for DCI with following proposals.
Proposal 1: In terms of the DCI size budget per C-RNTI per slot, we have the following two proposals:
a) Modify the working assumption that at most 4 different DCI sizes can be monitored per C-RNTI per slot or 
b) UE don’t monitor the format 0_0/1_0 in USS when it exceeds the DCI size budget per-RNTI per slot, even if format 0-0/1-0 is configured in USS.
Proposal 2: Considering to increase the total DCI size budget per slot in previous working assumption to handle all possible DCI sizes. If not, following options could be considered: 1) the size of either format 2_0 or format 2_1 is aligned to match the DCI size of format 0_0/1_0 defined by initial BWP; 2) the size of format 2_0 and 2_1 is always aligned.
Proposal 3: 1-bit identifier for DCI format 0-1 and DCI format 1-1 is kept.
Proposal 4: At least for resource allocation type 1, the new resource allocation granularity can be introduced in new BWP to interpret the DCI RA fields in current BWP in BWP switching, two options can be considered,
· Option 1. The new resource allocation granularity in new BWP is according to the BWP size ratio between current BWP and new BWP.
· Option 2. The number of new resource allocation granularity in new BWP is equals with current BWP size.
Appendix A
Note that, the RA field in the table is assuming 100 PRBs of the active BWP and RBG size is 8 for resource allocation type 0.
Table 2 DCI size for DCI format 0-1 and DCI format 1-1
	
	UL general: DCI format 0-1
	DL general: DCI format 1-1

	
	bit field
	bit size
	bit field
	bit size

	
	Carrier indicator
	0 or 3
	Carrier indicator
	0 or 3

	
	Identifier for DCI formats
	[1]
	Identifier for DCI formats
	[1]

	
	BWP indicator
	0, 1, or 2
	BWP indicator
	0, 1, or 2

	
	RA in freq-domain
type 0 or type 1
	13 [semi-static],
14 [dynamic]
	RA in freq-domain
type 0 or type 1
	13 [semi-static],
14 [dynamic]

	
	RA in time-domain
	0,1,2,3 or 4
	RA in time-domain
	0,1,2,3 or 4

	
	VRB-to-PRB mapping
(only applicable for type 1)
	0 or 1
	VRB-to-PRB mapping
(only applicable for type 1) 
	0 or 1

	
	Frequency hopping flag
(only applicable for type 1)
	0 or 1
	PRB bundling size indicator
	0 or 1

	
	MCS/RV/NDI
	8
	Rate matching indicator
	0,1 or 2

	
	HARQ process number
	4
	ZP CSI-RS trigger

()
	0,1 or 2

	
	1st DAI 
	1 [semi-static]
or 2 [dynamic]
	MCS/RV/NDI of 1st CW
	8

	
	2nd DAI
	0 or 2[dynamic]
	MCS/RV/NDI of 2nd CW
	0 or 8

	
	TPC for PUSCH
	2
	HARQ process number
	4

	
	SRS resource indicator
(no SRS resource, 
non-codebook based, 
or codebook based)
	0,


  
	DAI
(2bits: one serving cell + dynamic HARQ-ACK-CB,
4bits: more than one serving cell + dynamic HARQ-ACK CB)
	0,2 or 4

	
	Precoding info and layers #
(NonCodeBook,
codebook with 4 ant port,
codebook with 2 ant port)
	0,
[4, 5, or 6],
[2, 4, or 5],
[2 or 4],
or [1 or 3]
	TPC for PUCCH
	2

	
	Antenna ports
	2 or 4 bits,
3 or 4 or 5 bits
	PUCCH resource indicator
	3

	
	SRS request
[3 bits for SUL]
	2 or 3
	HARQ timing indicator
	3

	
	CSI request
	0, 1, 2, 3, 4, 5 or 6
	Antenna port
	4, 5 or 6

	
	CBGTI
	0,2,4,6 or 8
	TCI
	0 or 3

	
	PTRS-DMRS association
	0 or 2
	SRS request
	2

	
	Beta_offset indicator
(for dynamic in uci-on-PUSCH)
	0 or 2
	CBGTI
	0,2,4,6 or 8

	
	DMRS sequence initialization
(1 if PUSCH-tp disabled)
	0 or 1
	CBGFI
	0 or 1

	
	UL/SUL indicator
	0 or 1
	DMRS sequence initialization
	1

	Total (w/o CRC
	
	min:[~33],max:[~82]
	
	min:[~41],max:[~83]
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