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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the previous meeting, some agreements were made on the DCI contents and formats in the following:
	RAN1 92bis
Agreements:
· To confirm the following working assumption:
·  (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
Agreements:
· For DCI format 1-0 in CSS with P-RNTI, SI-RNTI, RA-RNTI, C-RNTI, CS-RNTI, or TC-RNTI:
· the RB numbering for the scheduled PDSCH starts from the lowest RB in the CORESET the DCI is received in
· the maximum number of RBs possible to indicate in the DCI is given by the size of the initial DL BWP.
· The case of TC-RNTI is a working assumption
· The case of C-RNTI/CS-RNTI is at least applicable to non-CA case and Pcell in CA
· FFS other cases
Agreements:
When a valid DCI with P-RNTI is detected, the following fields apply:
	Field
	Bits
	Comment

	Short Messages Indicator
	1
	Already captured in 38.212. Need to add interpretation.
0 = short message ([8] bits defined by RAN2 + padding to meet the DCI size)
1 = paging message scheduled (following fields)

	In case of short message service

	Short message
	[8]
	Defined by RAN2. The number of bits to be checked with RAN2.

	Reserved bits
	
	To meet overall DCI size

	In case of paging message

	Frequency domain resource assignment
	[image: ]
	 

	Time domain resource assignment
	4
	Note: applicability of the currently agreed default table to paging or whether an additional default table or SIB1 signaled table is FFS.

	VRB-to-PRB mapping
	1
	 

	Modulation and coding scheme
	5
	Same MCS table as for “normal” transmission without 256QAM

	TB scaling
	2
	To scale TB size 

	Reserved bits
	(fixed value)
	To meet overall DCI size



· Note: If initial access session defines the possibility for simultaneous short message service and paging, the DCI design may need to be updated. From a DCI payload perspective, concurrent transmission of short messages and paging is possible. 
· Note: The TB size and RB allocation are dependent and there may be a need to apply TB size scaling to obtain low code rates for small payloads.
Agreements:
· To confirm the following working assumption:
· For broadcast PDSCH, MCS is limited to QPSK, rank is limited to 1.



[bookmark: OLE_LINK15]In this contribution, we present our views on the remaining issues of Downlink control information (DCI).We discuss the DCI size budget as well as how to fulfill it when carrier aggregation is configured, and analyze how to define the RB numbering when type3-PDCCH common search space is configured. We also analyze some remaining issues on DCI formats of paging and that of other DCI. 
2. Discussion 
2.1. [bookmark: OLE_LINK5][bookmark: OLE_LINK6]DCI size budget for carrier aggregation
[bookmark: OLE_LINK40][bookmark: OLE_LINK1][bookmark: OLE_LINK10][bookmark: OLE_LINK41][bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK45]In the previous meeting, the DCI size budget is confirmed as 4 valid DCI sizes per slot, and that is used for non-CA case. If the UE is configured for operation with CA, the DCI size budget and the related mapping rule should be determined. In our opinion, DCI size budget is defined per carrier per slot. When SCell is configured to self-scheduling, the DCI size budget of SCell could be the same as PCell, i.e. 4. However, if cross-carrier scheduling is configured, the scheduling DCI is monitored in the scheduling carrier (e.g. PCell). The DCI size of scheduled cell (e.g. SCell) can be different from that of the self-scheduling PCell as the RRC configuration of SCell can be different from that of PCell. There could be two ways to resolve this problem:
· [bookmark: OLE_LINK46][bookmark: OLE_LINK48][bookmark: OLE_LINK11]Alt1: The DCI size budget of the scheduling Cell (e.g. PCell) is not increased even if cross-carrier scheduling is configured (i.e. still be of 4).
· [bookmark: OLE_LINK12][bookmark: OLE_LINK20][bookmark: OLE_LINK49]Alt2: The DCI size budget of the scheduling Cell is linearly increased (e.g. by two) for each additional scheduled cell (e.g. SCell) configured for cross-carrier scheduling.
[bookmark: OLE_LINK50][bookmark: OLE_LINK51][bookmark: OLE_LINK52][bookmark: OLE_LINK26][bookmark: OLE_LINK28][bookmark: OLE_LINK16][bookmark: OLE_LINK21][bookmark: OLE_LINK53][bookmark: OLE_LINK54]For alt1, the DCI size budget for one cell is not increase compared to non-CA case. If the number of DCI sizes in the PCell (including the self-scheduling DCI and cross-carrier scheduling DCI) is greater than the DCI size budget, the different DCI sizes must be aligned to fulfill that. According to the previous discussion, the variation in DCI sizes in USS can be significant. Therefore, forced alignment will result in loss of DCI performance. 
[bookmark: OLE_LINK55][bookmark: OLE_LINK56]For alt2, in our views, CA is an optional capability for UE. It is reasonable for the CA-capable UE (i.e. powerful UE) have stronger capability to decode more DCI sizes than non-CA-capable UE. Considering that CSS and fallback DCI are not available for the scheduled SCell, the additional number of DCI sizes needed in the scheduling cell is 2 (for non-fallback DCI formats) for each additional scheduled SCell at most. Therefore, alt2 is preferred. 


[bookmark: OLE_LINK27]Figure 1 DCI size budget in CA case
[bookmark: _Ref513652406]Proposal 1: The DCI size budget of the scheduling cell should be linearly increased by the number of scheduled cell(s) configured for cross-carrier scheduling.
2.2. RB numbering for type3-PDCCH common search space
[bookmark: OLE_LINK57]In the previous meeting, the question about RB numbering for DCI formats in CSS was discussed. In our view, when type3-PDCCH common search space is configured to a UE, the UE does not need to follow the behavior. 
In type3-PDCCH CSS, DCI scrambled by INT-RNTI, or SFI-RNTI, or TPC-PUSCH-RNTI, or TPC-PUCCH-RNTI, or TPC-SRS-RNTI, or SP-CSI-RNTI do not schedule PDSCH, thus the restrictions of RB numbering and the maximum number of RBs are meaningless in this case. 
[bookmark: OLE_LINK58]Secondly, the type3-PDCCH CSS is a group-common CSS that is available only for connected mode UE, therefore, the abovementioned restrictions, of which the intention is to align the resource assignment between idle and connected mode UEs, are not necessarily applied. Moreover, the DCI scrambled by C-RNTI or CS-RNTI in type3-PDCCH CSS schedules only unicast PDSCH transmission. The UEs sharing the same type3-PDCCH CSS simply follow its own BWP for DCI size determination and resource assignment. Therefore, different UEs does not need to share a common resource. There is no any misunderstanding issues in this way. 
[bookmark: OLE_LINK62]Finally, the type3-PDCCH CSS can be configured on SCell. The abovementioned restrictions would severe reduce the scheduling flexibility. In order to guarantee the flexibility of scheduling, the RB numbering for PDSCH scheduled by DCI in type3 CSS shall starts from the lowest RB of the active BWP.
[bookmark: _Ref513652411]Proposal 2: The restrictions of RB numbering and the maximum number of RBs for unicast PDSCH are not applied for type3-PDCCH common search space. The DCI size determination for fallback DCI format should follow that in USS. 
2.3. Interpretation of RIV for fallback DCI format 0_0/1_0
[bookmark: OLE_LINK63]For DCI format 0_0/1_0 configured in type 0/0A/1/2 CSS, the size is determined by the initial BWP. When DCI size budget cannot be fulfilled, DCI format 0_0/1_0 in USS is determined by the initial BWP. But the available bandwidth can be different from the initial BWP. If network wants to scheduling data in the whole BWP, it requires a proper interpretation for the resource allocation across different BWPs.
[bookmark: OLE_LINK19][bookmark: OLE_LINK22][bookmark: OLE_LINK60][bookmark: OLE_LINK61][bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK30][bookmark: OLE_LINK25][bookmark: _Ref510384771]In order to relax the bandwidth limitation of BWP scheduling (applying the DCI size defined by initial BWP to another BWP), we prefer that the resource allocation interpreted according to the initial BWP, and the scheduling granularity can be scaled to adapt the active BWP. The scaling factor is according to the relationship between the initial BWP and active BWP. For example, assume that the frequency domain bit-field is x bits defined according to initial BWP, and the maximum number of RBs that x bits can schedule is b RBs in condition of resource allocation type 1. If the bandwidth of the active BWP is N RBs, then the scaling factor can be defined as k. The value of k is greater than or equal to , and be closest to , selected from {1, 2, 4, 8, 16}. 
[bookmark: _Ref513652416][bookmark: OLE_LINK31]Proposal 3: For DCI formats 0_0/1_0 determined by initial BWP in USS, it is proposed to apply scaling factor to start (S) and length (L) to schedule the PDSCH in the active BWP.
2.4. DCI for broadcast PDSCH
· [bookmark: OLE_LINK37][bookmark: OLE_LINK38]MCS bit-field in DCI 
[bookmark: OLE_LINK35][bookmark: OLE_LINK66][bookmark: OLE_LINK36]MCS index table 1 (‘64QAM’ table) is used for broadcast PDSCH scheduling, and if the modulation order is greater than 2, UE is not expected to decode a PDSCH scheduled with DCI scrambled by P-RNTI, RA-RNTI, SI-RNTI. In MCS index table 1, there are at most 12 entries, whose modulation orders are two. Only these 12 entries are effective in MCS indication. Based on the above, we can see 4 bits are enough to indicate MCS for PDSCH scheduled with DCI scrambled by P-RNTI, RA-RNTI and SI-RNTI.
[bookmark: _Ref513652429]Proposal 4: Use 4 bits to indicate MCS for DCI with CRC scrambled by P-RNTI, RA-RNTI and SI-RNTI.
· DCI for P-RNTI
[bookmark: OLE_LINK67][bookmark: OLE_LINK68]According to the outcome of the DCI contents for P-RNTI discussion, the short message and paging scheduling cannot transmit simultaneously. But in our views, short message and paging scheduling can transmit at the same time. The details can find in our companion contribution in [2]. Therefore, one DCI shall support to transmit short message and paging scheduling together in a single DCI format 1_0.
To support simultaneous short message service and paging, the DCI format 1_0 scrambled by P-RNTI can modify as following:


Figure 2 DCI formats with P-RNTI
When a valid DCI with CRC scrambled by P-RNTI is detected, the following table is applied:
[bookmark: _Ref513649624][bookmark: OLE_LINK32]Table 1 DCI with CRC scrambled by P-RNTI
	Field
	Bits
	Comment

	Short messages indicator
	1
	[bookmark: OLE_LINK7][bookmark: OLE_LINK9]0 = no short message
1 = short message

	Paging message indicator
	1
	0 = no paging PDSCH scheduling
1 = paging PDSCH scheduling

	In case of Short message indication = ‘1’, Paging message indicator = ‘0’ (short message only)

	Short message
	8
	One bit used for SI update, one bit used for ETWS & CMAS, and 6 bits reserved for extension.

	Reserved bits
	
+ 18
	To meet overall DCI size

	In case of Short message indication = ‘0’, Paging message indicator = ‘1’ (paging scheduling only)

	Frequency domain resource assignment
	[image: ]
	 

	Time domain resource assignment
	4
	

	VRB-to-PRB mapping
	1
	 

	Modulation and coding scheme
	4
	

	TB scaling
	2
	To scale TB size

	Reserved bits
	15
	To meet overall DCI size

	In case of Short message indication = ‘1’, Paging message indicator = ‘1’ (short message and paging scheduling simultaneously)

	Short message
	8
	One bit used for SI update, one bit used for ETWS & CMAS, and 6 bits reserved for extension.

	Frequency domain resource assignment
	[image: ]
	 

	Time domain resource assignment
	4
	

	VRB-to-PRB mapping
	1
	 

	Modulation and coding scheme
	4
	

	TB scaling
	2
	To scale TB size

	Reserved bits
	7
	To meet overall DCI size



[bookmark: _Ref513652434]Proposal 5: The Table 1 is used for DCI format 1_0 scrambled by P-RNTI. 
2.5. PDCCH order
There are two alternatives for defining PDCCH order. One method is defining a new DCI format for PDCCH order. By this way, a 1-bit identifier for fallback DCI is not enough; it needs to extend the bit-field of the identifier for DCI formats to indicate the PDCCH order. Another method is to reuse the fallback DCI format (e.g. 1_0) for PDCCH order, and the entire available payload can be re-interpreted. The frequency-domain resource allocation bit-field can be set to an invalid code-point, i.e. all “1” to represent a PDCCH order.  The following table list some potential fields in PDCCH order:
Table 2 PDCCH order
	PDCCH order bitfield
	Reuse DCI format 1_0
	New DCI format

	Identifier for DCI formats
	1
	2 (one value indicates PDCCH order)

	PDCCH order indication
	
 (set as “111…”)
	0

	Carrier indicator
	0 or 3
	0 or 3

	BWP index
	0, 1 or 2
	0, 1 or 2

	UL/SUL indicator
	1
	1

	Preamble index
	6
	6

	RO index and SSB index
	9
	9

	PRACH mask index
	TBD
	TBD


We slightly prefer the later one, which does not increase the DCI overhead and used also in LTE.
[bookmark: _Ref498771221]Proposal 6: DCI format 1_0 should be reused for PDCCH order.
3. Conclusion
In the contribution, we have some investigations on the remaining issues on DCI contents and formats, and propose that, 
Proposal 1: The DCI size budget of the scheduling cell should be linearly increased by the number of scheduled cell(s) configured for cross-carrier scheduling.
Proposal 2: The restrictions of RB numbering and the maximum number of RBs for unicast PDSCH are not applied for type3-PDCCH common search space. The DCI size determination for fallback DCI format should follow that in USS.
Proposal 3: For DCI formats 0_0/1_0 determined by initial BWP in USS, it is proposed to apply scaling factor to start (S) and length (L) to schedule the PDSCH in the active BWP.
Proposal 4: Use 4 bits to indicate MCS for DCI with CRC scrambled by P-RNTI, RA-RNTI and SI-RNTI.
Proposal 5: The Table 1 is used for DCI format 1_0 scrambled by P-RNTI.
Table 1 DCI with CRC scrambled by P-RNTI
	Field
	Bits
	Comment

	Short messages indicator
	1
	0 = no short message
1 = short message

	Paging message indicator
	1
	0 = no paging PDSCH scheduling
1 = paging PDSCH scheduling

	In case of Short message indication = ‘1’, Paging message indicator = ‘0’ (short message only)

	Short message
	8
	One bit used for SI update, one bit used for ETWS & CMAS, and 6 bits reserved for extension.

	Reserved bits
	
+ 18
	To meet overall DCI size

	In case of Short message indication = ‘0’, Paging message indicator = ‘1’ (paging scheduling only)

	Frequency domain resource assignment
	[image: ]
	 

	Time domain resource assignment
	4
	

	VRB-to-PRB mapping
	1
	 

	Modulation and coding scheme
	4
	

	TB scaling
	2
	To scale TB size

	Reserved bits
	15
	To meet overall DCI size

	In case of Short message indication = ‘1’, Paging message indicator = ‘1’ (short message and paging scheduling simultaneously)

	Short message
	8
	One bit used for SI update, one bit used for ETWS & CMAS, and 6 bits reserved for extension.

	Frequency domain resource assignment
	[image: ]
	 

	Time domain resource assignment
	4
	

	VRB-to-PRB mapping
	1
	 

	Modulation and coding scheme
	4
	

	TB scaling
	2
	To scale TB size

	Reserved bits
	7
	To meet overall DCI size



Proposal 6: DCI format 1_0 should be reused for PDCCH order.
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