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In the previous meeting, some working assumptions and agreements on DCI contents and formats were achieved. In the last RAN1 AdHoc meeting, the following were agreed [1]:
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

In RAN1 #92, the following working assumption was achieved as [2]:
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

The contribution discusses the remaining issues on DCI contents and formats, including the number of DCI sizes to be monitored, solutions to meet C-RNTI size and DCI size budget per slot, the interpretation of the frequency-domain field in a DCI. In addition, a brief discussion on DCI interpretation for different BWPs and DCI contents/formats for RMSI/OSI/Paging/RAR are provided based on our companion contribution [3][4].
Discussion 
Number of DCI sizes to be monitored   
In the past RAN1 AH meeting, the following working assumption on the number of DCI sizes to be monitored was achieved [1]:
· (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
To reduce the number of blind decodings, the number of DCI sizes for a given UE to monitor in a single slot should be as few as possible. But it is also difficult to make all the DCI formats as the same size since different DCI formats have different functions. The working assumption is similar as that in LTE, which is reasonable. Therefore, it can be considered to confirm the working assumption. 
Proposal 1: Confirm the following 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
Alignment between DCI format 2_2/2_3 and fallback DCIs   
In the past RAN1 AH meeting, the following working assumption on alignment of DCI format 2_2 and 2_3 with fallback DCIs was achieved [1]:
· (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
To achieve no more than 4 DCI sizes that UE needs to blindly decode, the size of different DCI formats should be aligned as much as possible. In LTE, the DCI format 3/3A for TPC command is aligned with DCI format 0 and format 1A. Similarly, DCI format 2_2 and 2_3 can be aligned with the fallback DCIs also. In addition, since DCI format 2_2 and 2_3 are intended for a group of UEs, and the active BWP for different UEs may be different, it is reasonable to align with the size of fallback DCIs as defined by the initial BWP. Therefore, it can be considered to confirm the above working assumption.
Proposal 2: Confirm the following 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
Solutions to meet the DCI size budget   
Based on the current agreements and assumptions, the potential DCI size for different DCI formats and search spaces are listed as in Table 1. From Table 1, it can be seen that UE may need to monitor 6 DCI size which is not aligned with the DCI size budget.
Table 1. Potential DCI size for different DCI formats and search spaces.
	DCI format
	USS or CSS
	Active BWP

	
	
	Initial
	Current active BWP

	0-0/1-0
	CSS
	Size A0

	0-0/1-0
	USS
	Size A0
	Size A1

	0-1
	USS
	Size B0
	Size B1

	1-1
	USS
	Size C0
	Size C1

	2-0
	CSS
	Size D (up to 128 bits)

	2-1
	CSS
	Size E (up to 126 bits)

	2-2
	CSS
	Size A0

	2-3
	CSS
	



In RAN1 #92 meeting, some candidate solutions below were discussed to meet the DCI size budget:
Option 1: For DCI format 0_0/1_0 in USS, the size is given by the initial BWP when the DCI budget is not fulfilled, i.e. use same size for DCI format 0_0/1_0 in both CSS and USS.
This option 1 may introduce limitation on the scheduling considering that the initial BWP size and the current active BWP may not match. However, considering that anyway DCI format 0_0/1_0 size determined by initial BWP would exist in CSS, it can be considered to reduce the DCI sizes to be monitored.   
Option 2: Align the size of DCI format 0_1 and 1_1.
This option 2 may result in large amount of padding bits, which will degrade spectrum efficiency.
Option 3: RRC configure limited DCI format in CSS and USS, e.g. RRC do not configure DCI format 0_0/1_0 in USS or do not configure 0_1 and 1_1.
This option 3 will limit the application of many NR features if DCI format 0_1 and 1_1 are not configured. If 0_0 and 1_0 are not configured, it may preclude the chance to use DCI with smaller DCI size.  
Option 4: Align the DCI format size for DCI format 2_0, 2_1, 2_2 and 2_3.
Since the DCI size of DCI format 2_0, 2_1, 2_2 and 2_3 is configured, it is possible for gNB to configure the same DCI size for these DCI formats. However, it may result in resource waste also due to the transmission of some unnecessary bits.  
Option 5: Restriction for fallback DCI with C-RNTI in CSS 
To ensure that UE monitors at most 3 DCI sizes in a slot with C-RNTI, a simple approach is that UE does not monitor fallback DCI with C-RNTI in CSS. Then, the payload size of DCI formats 0_0/1_0 for all possible RNTIs other than C-RNTI as well as the payload sizes of all other DCI formats should be determined such that UE is required to monitor at most a total of 4 DCI sizes in a slot. One approach to achieve this goal is the following (the final DCI size determination is summarized in Table 2): 
· The payload size of DCI formats 0_0/1_0 with C-RNTI in USS is determined by the active DL BWP (size C in the table). This provides a UE-specific DCI sizing for a UE-specific fallback control signaling in USS.
· The payload sizes of DCI formats 0_1 and 1_1 with C-RNTI are determined by the active UL BWP and active DL BWP, respectively (sizes A and B in the table). This provides a UE-specific DCI sizing for a UE-specific non-fallback control signaling in USS.
· The payload size of DCI formats 0_0/1_0 in CSS (with RNTIs other than C-RNTI) is aligned with the payload size of DCI format 2_2/2_3 in CSS and is determined by the initial DL BWP (size D in the table). This provides the same DCI size for a group of UEs and enables transmission of common control information to the group. 
· DCI formats 2_0/2_1 in CSS are either configured with the same size as either of size A, B, C, or D, or not configured at all to the UE (e.g. if UE needs to monitor DCI 0_0/1_0, 0_1, 1_1, 2_2 and 2_3). This provides a configurable size for DCI formats 2_0/2_1 while fulfilling the DCI size budget.
[bookmark: _Ref509844012]Table 2. DCI Size and BWPs
	RNTI
	DCI format 
	DCI payload size 
	BWP used for DCI size determination

	All possible RNTIs 
	DCI format 0_1 in USS
	Size A
	Active UL BWP

	All possible RNTIs 
	DCI format 1_1 in USS
	Size B
	Active DL BWP

	C-RNTI
	DCI format 0_0/1_0 in USS
	Size C
	Active DL BWP

	All possible RNTIs other than C-RNTI
	DCI format 0_0/1_0 in CSS
	Size D
	Initial DL BWP

	All possible RNTIs
	DCI format 2_2/2_3 in CSS
	Size D
	Initial DL BWP

	All possible RNTIs
	DCI format 2_0/2_1 in CSS
	Configured with the same size as either of size A, B, C, or D
	N/A



Option 6: Align some DCI formats according to a predefined priority if the DCI size budget is not fulfilled. 
With this option 6, the priority for each DCI format size can be defined in specification. Base on the DCI format configuration and the corresponding priority, the size of some DCI formats can be aligned. The DCI formats need to be aligned is determined based on a predefined priority. For example, if the potential DCI size to be monitored would exceed the DCI size budget, a DCI format with lower priority can be aligned to the closest larger DCI size of a DCI format with larger priority. The predefined priority from high to low can be as below:         
· Priority 1: DCI format 0_0/1_0/2_2/2_3 in CSS with DCI size determined by initial BWP. As the importance of obtaining system or paging information, performing random access to work properly in network system for UE, it should be guaranteed that the DCI format 0_0/1_0 in CSS should be available for UE, then priority of the DCI format 0_0/1_0 in CSS is the highest.
· Priority 2: DCI format 2_1. As the DCI format 2_1 is used to notify the PRB(s) and OFDM symbol(s) where UE may assume no transmission on PDSCH/PUSCH intended for UE, UE should obtain the pre-emption indication information to decode PDSCH/PUSCH and feedback HARQ ACK/NACK information correctly. Therefore, it should have higher priority than DCI format 0_1 and 1_1. 
· Priority 3: DCI format 1_1 and DCI format 0_1. As some advanced features which can improve system performance are achieved by DCI format1_1/0_1, the priority of DCI format1_1/0_1 should have higher priority than DCI format 0_0/1_0 in USS. DCI format 1_1 and DCI format 0_1 may share the same priority.
· Priority 4: DCI format 0_0/1_0 in USS with DCI size determined by active BWP. As the DCI format 0_0/1_0 in CSS and USS are all scrambled by C-RNTI, then even DCI format 0_0/1_0 in USS is not used the ones in CSS are still available, thus the priority of DCI format 0_0/1_0 in USS can be lower.
· Priority 5: DCI format 2_0. DCI format 2_0 is used to notify the slot format, even when UE misses this format, the monitoring of other unicast DCI format and the corresponding PDSCH/PUSCH reception/transmission is not affected, UE will cancel RRC configured transmission, and assume RRC configured DL transmission is not transmitted, during semi-static configured flexible symbols. Therefore, it seems the importance of DCI format 2_0 is less, it can be the lowest priority. 
Based on the above analysis, in order to meet at most 3 different DCI sizes per C-RNTI to be monitored per slot and at most 4 different DCI sizes to be monitored per slot, none of the above first four options can work alone, at least two of them are needed. Option 5 and 6 are combined from the first four options in some extent. Therefore, option 5 and 6 can be considered.  
[bookmark: _GoBack]Proposal 3: To meet the DCI size budget, some of the DCI formats can be aligned based on restriction for fallback DCI with C-RNTI in CSS or predefined priority. 

Interpretation of frequency-domain resource allocation field in fallback DCI   
Interpretation of frequency-domain RA field in UE-specific fallback DCI
From the discussion in RAN1#92 meeting, for some scenarios, the size of frequency resource allocation field in UE-specific fallback DCIs in active BWP are determined by initial DL BWP, and the PDSCH/PUSCH scheduled by fallback DCIs is transmitted in active BWP. For DCI format 0_0/1_0, only the frequency resource allocation (RA) type 1 is used, the starting number of VRB and the length of contiguously allocated resource blocks are combined to be encoded as a resource indication value (RIV). But since the bandwidth of the initial DL BWP is most likely smaller than the current active BWP, then the frequency RA field with smaller size would be used to indicate frequency RA in a wider active BWP, how to interpret the frequency-domain field in a DCI with a size defined from a BWP (size determined BWP) with a different size than the BWP it is applied to needs further discussion. 
One possible solution is: the small frequency RA field is zero padded to match the active BWP, then the RIV of padded field is interpreted based on active BWP. 
For RA type 1, the location of zero-padding bits affects the possible RIV values. If the zero-padding bits are inserted in front of MSB of frequency RA field, the obtained RIV values can be small. Then interpretation of small RIV value can result in small length of allocated VRB for PDSCH/PUSCH with flexible starting number of VRB. Thus, the UE is limited to be scheduled with narrow band PDSCH/PUSCH, however in wideband active BWP, UE is potential to transmit or receive large data packet.


If the zero-padding bits are inserted attached to the LSB of frequency RA field, RIV values become multiple of , where k is the number of padded bits. On the other hand, when the value of frequency RA field is n, the obtained RIV value is. The obtained RIV values can be large so that wide band PDSCH/PUSCH can be possible. However, the obtained RIV value may be larger than the maximum value of RIV needed in active BWP, and some values of frequency RA field are wasted.



In order to make full use of all the values of frequency RA field and scheduling wide band PDSCH/PUSCH for UE, the obtained RIV should be large and within the range of RIV values needed for active BWP. The range of RIV values is from 0 to N-1, the value of N is, where the is bandwidth of active BWP. When the number of frequency RA field bits is K, the total number of frequency RA field values is. Then the number of padded bits k inserted attached to the LSB of frequency RA field can be calculated as:


Then other padded bits can be inserted in front of MSB of frequency RA field to match the active BWP.


From the above analysis, for the above interpretation option, the RIV value can be obtained by multiplying the value of frequency RA field by parameter. For zero padding bits solution mentioned above, . 


And if the flexibility of both the position and length of scheduled PDSCH/PUSCH is needed, another possible solution is the obtained possible RIV value can evenly distributed within the range of RIV values need for active BWP, the parameter  can be, then the RIV value is:





Proposal 4: For UE-specific fallback DCI with size determined by initial BWP, the RIV value can be obtained by multiplying the value of frequency RA field by parameter , then the RIV value is interpreted based on active BWP. The value of  could be  or N/M.  

Interpretation of frequency-domain RA field in common fallback DCI   
The main challenge is to ensure that each UE in a group of UEs that are reached by the same fallback DCI in CSS interprets the frequency-domain RA such that
i. all UEs in the group obtain the same frequency location of PDSCH, and
ii. the interpreted frequency location of the PDSCH is within the frequency range of the active BWP of each UE in the group
Since only RA type1 (with or without VRB-to-PRB interleaving) is supported in the fallback DCI, here we provide our views for interpretation of RA type1, i.e. RIV based RA: 
Let us first consider the “regular” interpretation of RIV:
· The size of the underlying BWP, i.e. , is used as the BWP size for derivation of  and  from RIV;
· VRB-to-PRB mapping: The “reference PRB” for VRB-to-PRB mapping is PRB 0 within the underlying BWP:
· Non-interleaved VRB-to-PRB mapping: The VRB 0 is mapped to PRB 0 in the underlying BWP.
· Interleaved VRB-to-PRB mapping: 
i. The size of the underlying BWP, i.e. , is used as the BWP size in the interleaver formula;
ii. The PRB bundle 0 after the VRB-to-PRB interleaving is mapped to the PRB bundle which contains PRB 0 in the underlying BWP.
In order to achieve the aforementioned goals (i) and (ii) for fallback DCI in CSS, the following interpretation RIV can be considered:
· The size of initial DL BWP, i.e. , is used as the BWP size for derivation of  and  from RIV;
· VRB-to-PRB mapping:
· Non-interleaved VRB-to-PRB mapping: The VRB 0 is mapped to a “reference PRB”;
· Interleaved VRB-to-PRB mapping: 
i. The size of initial DL BWP, i.e. , is used as the BWP size in the interleaver formula;
ii. The PRB bundle 0 after the VRB-to-PRB interleaving is mapped to the PRB bundle which contains the “reference PRB”.
· The reference PRB/PRB bundle should have the same physical frequency location for all UEs which decode the DCI (irrespective to the UE’s active BWP), but it can have different PRB/PRB bundle indexes in the active BWPs of different UEs. Different alternatives can be considered for the “reference PRB/PRB bundle”. One straightforward approach is to take the lowest-numbered PRB of the CORESET where the fallback DCI has been decoded by the UE as the “reference PRB”.
The above interpretation is illustrated in Figure 1 and Figure 2 for non-interleaved and interleaved VRB-to-PRB mapping, respectively.
[image: ]
Figure 1. Frequency-domain RA interpretation for non-interleaved VRB-to-PRB mapping.
[image: ]
Figure 2. Frequency-domain RA interpretation for interleaved VRB-to-PRB mapping.

Proposal 5: For fallback DCI in CSS, the size of initial DL BWP is used as the BWP size for derivation of  and  from RIV;
Proposal 6: For fallback DCI in CSS:
· For non-interleaved VRB-to-PRB mapping, the VRB 0 is mapped to the lowest-numbered PRB of the CORESET where the fallback DCI has been decoded by the UE;
· For Interleaved VRB-to-PRB mapping,
i. the size of initial DL BWP is used as the BWP size in the interleaver formula;
ii. the PRB bundle 0 after the VRB-to-PRB interleaving is mapped to the PRB bundle which contains the lowest-numbered PRB of the CORESET where the fallback DCI has been decoded by the UE.
Interpretation of non-fallback DCI for different BWPs   
For the interpretation of non-fallback DCI for different BWP, the previous working assumption on DCI interpretation for BWP switching should be confirmed, more analysis and views can be obtained in [3].
DCI contents and formats for RMSI/OSI/RAR/Paging   
For DCI contents and formats for scheduling RMSI/OSI/Paging/RAR/PDCCH order, to reduce CP latency, the scheduling strategy for msg2&msg3&msg4 shall be discussed before “Time domain resource assignment” decision, more details can be seen in [4].

Conclusion
The contribution mainly discusses some remaining issues on DCI contents and formats, including the number of DCI sizes to be monitored, solutions to meet C-RNTI size and DCI size budget per slot, the interpretation of the frequency-domain field in a DCI.  Based on above discussions, the following proposals are given:
Proposal 1: Confirm the following 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
Proposal 2: Confirm the following 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
Proposal 3:  To meet the DCI size budget, some of the DCI formats can be aligned based on restriction for fallback DCI with C-RNTI in CSS or predefined priority. 



Proposal 4: For UE-specific fallback DCI with size determined by initial BWP, the RIV value can be obtained by multiplying the value of frequency RA field by parameter , then the RIV value is interpreted based on active BWP. The value of  could be  or N/M.  
Proposal 5: For fallback DCI in CSS, the size of initial DL BWP is used as the BWP size for derivation of  and  from RIV;
Proposal 6: For fallback DCI in CSS:
· For non-interleaved VRB-to-PRB mapping, the VRB 0 is mapped to the lowest-numbered PRB of the CORESET where the fallback DCI has been decoded by the UE;
· For Interleaved VRB-to-PRB mapping,
iii. the size of initial DL BWP is used as the BWP size in the interleaver formula;
iv. the PRB bundle 0 after the VRB-to-PRB interleaving is mapped to the PRB bundle which contains the lowest-numbered PRB of the CORESET where the fallback DCI has been decoded by the UE.

References
[1] Chairman's Notes, RAN1#AH1801, Vancouver, Canada, 22nd – 26th January 2018.
[2] Chairman's Notes, RAN1#92, Athens, Greece, 26th February – 2nd March 2018. 
[3] R1-1803708 “DCI interpretation for different BWP”,  Huawei, HiSilicon, Sanya, China, April 16-20, 2018
[4] R1-1804426, “DCI contents and formats for RMSI/OSI/Paging/RAR”, Huawei, HiSilicon, Sanya, China, April 16-20, 2018

image2.wmf
n

k

×

2


oleObject2.bin

image3.wmf
))

1

(

(

2

1

+

BWP

RB

BWP

RB

N

N


oleObject3.bin

image4.wmf
BWP

RB

N


oleObject4.bin

image5.wmf
K

M

2

=


oleObject5.bin

image6.wmf
ë

û

)

/

(

log

2

M

N

k

=


oleObject6.bin

image7.wmf
a


oleObject7.bin

image8.wmf
k

a

2

=


oleObject8.bin

oleObject9.bin

image9.wmf
M

N

/


oleObject10.bin

image10.wmf
ú

û

ú

ê

ë

ê

×

=

n

M

N

RIV


oleObject11.bin

image11.wmf
a


oleObject12.bin

oleObject13.bin

image12.wmf
k

2


oleObject14.bin

image13.emf
           +         -1

               +1

1

0

PRB n1+1

VRBs

VRB-to-PRB mapping

PRB 0

PRB 1

PRB n2+1

PRB 1

PRB 0

PRB n3+1

PRB 0

PRB 1

PRBs

PRBs

PRBs

PRB n1 PRB n2 PRB n3

Active BWP of 

UE1

Active BWP of 

UE2

Active BWP of 

UE3

Reference RB


image14.emf
           +         -1

               +1

1

0

PRB n1+1

VRBs

VRB-to-PRB mapping

PRB 0

PRB 1

PRB n2+1

PRB 1

PRB 0

PRB n3+1

PRB 0

PRB 1

PRBs

PRBs

PRBs

PRB n1 PRB n2 PRB n3

Active BWP of 

UE1

Active BWP of 

UE2

Active BWP of 

UE3

1

0

Reference RB 

bundle


oleObject15.bin

oleObject16.bin

oleObject17.bin

image1.wmf
k

2


oleObject1.bin

