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1	Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]This document provides our view on remaining issues on PDCCH enhancement for Rel.16 URLLC.
2 Discussion
2.1 DCI size alignment

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]When total number of DCI sizes to monitor exceeds the budget, following was agreed.

	Agreement
For DCI size alignment,
· Step1: Align the DCI size for DCI format 0_2 and DCI format 1_2 if the number of DCI sizes exceed the DCI size budget
· Step2: If the DCI size budget is still exceeded after Step1, Align the DCI size for DCI format 0_1 and DCI format 1_1 




The above agreement is reflected in CR 38.211 for URLLC [1] as following in step 4B and 4C.

	Step 4B:
-	If the total number of different DCI sizes configured to monitor is more than 4 for the cell after applying the above steps, or if the total number of different DCI sizes with C-RNTI configured to monitor is more than 3 for the cell after applying the above steps  
-	If the number of information bits in the DCI format 0_2 prior to padding is less than the payload size of the DCI format 1_2 for scheduling the same serving cell, a number of zero padding bits are generated for the DCI format 0_2 until the payload size equals that of the DCI format 1_2.
-	If the number of information bits in the DCI format 1_2 prior to padding is less than the payload size of the DCI format 0_2 for scheduling the same serving cell, zeros shall be appended to the DCI format 1_2 until the payload size equals that of the DCI format 0_2
Step 4C:
-	If the total number of different DCI sizes configured to monitor is more than 4 for the cell after applying the above steps, or if the total number of different DCI sizes with C-RNTI configured to monitor is more than 3 for the cell after applying the above steps  
-	If the number of information bits in the DCI format 0_1 prior to padding is less than the payload size of the DCI format 1_1 for scheduling the same serving cell, a number of zero padding bits are generated for the DCI format 0_1 until the payload size equals that of the DCI format 1_1.
-	If the number of information bits in the DCI format 1_1 prior to padding is less than the payload size of the DCI format 0_1 for scheduling the same serving cell, zeros shall be appended to the DCI format 1_1 until the payload size equals that of the DCI format 0_1




There are remaining issues to differentiate DCI formats if the size of the DCI format 0_2/1_2 is aligned with the size of other DCI formats [2].


[bookmark: _Hlk32403143]Distinction of DCI format 0_2/1_2 and DCI format 0_1/1_1
We observe there are three options for the distinction between DCI format 0_2/1_2 and DCI format 0_1/1_1 as follows.

· [bookmark: _Hlk32400479]Option 1) Different DCI size with padding bits to DCI format 0_2/1_2
If the size of DCI format 0_2 is equal as DCI format 0_1 and/or 1_1, zero padding is appended to DCI format 0_2. If the size of DCI format 1_2 is equal as DCI format 0_1 and/or 1_1, zero padding is appended to DCI format 1_2. Demerit is the relation with step 4B (the alignment of the DCI size for DCI format 0_2 and DCI format 1_2) and relation with step 4C (the alignment of the DCI size for DCI format 0_1 and DCI format 1_1 ) are further complicated. Another demerit is overhead of DCI formant 0_2/1_2. 
· [bookmark: _Hlk32408130]Option 2) MCS-C-RNTI is used for the identification of DCI format 0_2/1_2
Although "no new RNTI is introduced" was agreed, the MCS-C-RNTI is not new RNTI. When both of DCI format 0_1/1_1 and DCI format 0_2/1_2 are configured, DCI format 0_1/1_1 are masked by C-RNTI and DCI format 0_2/1_2 are masked by MCS-C-RNTI. Even if DCI format 0_2/1_2 is masked by MCS-C-RNTI, normal MCS table could be used. When qam64LowSE in mcs-Table-ForDCIFormatx_2 is configured, DCI format 0_2/1_2 uses lower MCS table, else normal MCS table is used even MCS-C-RNTI is used for DCI format 0_2/1_2. For SP-CSI-RNTI, not to support it in DCI format 0_2/1_2 could be sufficient as CSI transmission would not be required to be high reliability. For CS-RNTI, the MCS table is separately configured by configuredGrantConfig. However, there is following conclusion. This restriction would be not acceptable for Type 2 configured grant.
	Conclusion: (RAN1#99)
· For a given Type 2 configured grant, there is no consensus in RAN1 to introduce restriction that it can only be activated (or release) by either DCI format 0-0, DCI format 0-1 or DCI format 0-2.
· No further discussion in RAN1 for Rel.16.



For CS-RNTI, depending on the configuration, the bit width of each configurable field in DCI format with CRC scrambled by CS-RNTI is smaller than that of DCI format with CRC scrambled by C-RNTI. If the remaining bits in DCI field can indicate DCI format explicitly, DCI formats are distinguished without additional bits. The demerits of this option are 1) reference MCS tables are not changed dynamically by selecting between C-RNTI and MCS-C-RNTI as it is used for the identification of DCI format 0_2/1_2 and 2) the configurable DCI fields for CS-RNTI should be shorter than DCI field for C-RNTI and MCS-C-RNTI to indicate DCI format explicitly.

· Option 3) Explicit indication in DCI for DCI format 0_2/1_2 and DCI format 0_1/1_1. 
When both DCI format 0_1/1_1 and DCI format 0_2/1_2 are configured, additional bit to indicate DCI format 0_1/1_1 or DCI format 0_2/1_2 is added in DCI field regardless of RNTI. The demerit of this option is one bit should be added to both DCI format 0_1/1_1 and DCI format 0_2/1_2. 
All options work. We prefer option 3) explicit indication in DCI format field. It has no configuration restriction for CS-RNTI and it can avoid complicated rule with step 4B and step 4C.
[bookmark: _Hlk32402072]
Distinction of DCI format 0_2/1_2 and DCI format 0_0/1_0 in USS

For distinction of DCI format 0_2/1_2 and DCI format 0_0/1_0 in USS, the contents and size of DCI format 0_0/1_0 in USS should be not changed since the size of DCI format 0_0/1_0 in USS might be aligned with DCI format 0_0/1_0 in CSS in step 4(A). 
Therefore, we observe above option 3 in distinction of DCI format 0_2/1_2 and DCI format 0_1/1_1 is not suitable. Option 1 and option 2 are candidates for distinction of DCI format 0_2/1_2 and DCI format 0_0/1_0 in USS.

· Option 1) Different DCI size with padding bits
It was drafted in CR 38.212 for URLLC [1] with bracket.

	
Step 2A:
-	Determine DCI format 0_2 monitored in a UE-specific search space according to clause 7.3.1.1.3.
-	Determine DCI format 1_2 monitored in a UE-specific search space according to clause 7.3.1.2.3. 
-	For a UE configured with supplementaryUplink in ServingCellConfig in a cell, if PUSCH is configured to be transmitted on both the SUL and the non-SUL of the cell and if the number of information bits in format 0_2 for the SUL is not equal to the number of information bits in format 0_2 for the non-SUL, zeros shall be appended to smaller format 0_2 until the payload size equals that of the larger format 0_2.
-	[If the size of DCI format 0_2 monitored in a UE-specific search space equals that of a DCI format 0_0/1_0 monitored in another UE-specific search space, one bit of zero padding shall be appended to DCI format 0_2.]
-	[If the size of DCI format 1_2 monitored in a UE-specific search space equals that of a DCI format 0_0/1_0 monitored in another UE-specific search space, one bit of zero padding shall be appended to DCI format 1_2.]




· Option 2) MCS-C-RNTI is used
The concept is same as above option 2 in distinction of DCI format 0_2/1_2 and DCI format 0_1/1_1.
When both of DCI format 0_0/1_0 in USS and DCI format 0_2/1_2 are configured, DCI format 0_0/1_0 in USS are masked by only C-RNTI and DCI format 0_2/1_2 are masked by only MCS-C-RNTI. Even if DCI format 0_2/1_2 is masked by MCS-C-RNTI, normal MCS could be used. When qam64LowSE in mcs-Table-ForDCIFormatx_2 is configured, DCI format 0_2/1_2 uses lower MCS, else normal MCS is used even MCS-C-RNTI is used for DCI format 0_1/1_2. 
If solution of distinction of DCI format 0_2/1_2 and DCI format 0_1/1_1 is option 2,option 2 is supported for also distinction of DCI format 0_2/1_2 and DCI format 0_0/1_0 in USS. If solution of distinction of DCI format 0_2/1_2 and DCI format 0_1/1_1 is option1 or option 3, we propose bracket text in step 2A in CR 38.212 for URLLC [1] is confirmed.

Proposal 1:Explicit indication in DCI for DCI format 0_2/1_2 and DCI format 0_1/1_1 are added when both DCI format 0_2/1_2 and DCI format 0_1/1_1 are configured to be monitored.
Proposal 2: Bracket text in step 2A in CR 38.212 for URLLC [1] is confirmed.


2.2 [bookmark: _Hlk4692868] PDCCH monitoring capability
In RAN1#99, followings were agreed.
	Agreement
PDCCH monitoring can be configured based on either Rel-15 capability (i.e. per slot based capability) or Rel-16 capability (i.e. per span based capability) on a serving cell 
· gNB configures which capability is used
· For Rel-16 PDCCH monitoring capability,
· The limit C on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span is the same across different spans within a slot, each span can cover CSS and/or USS
· PDCCH dropping is performed in a span if needed   
· PDCCH overbooking and PDCCH dropping are only allowed on PCell and PSCell
· FFS PDCCH overbooking and PDCCH dropping are not performed in all spans in a slot
· PDCCH overbooking and PDCCH dropping are only performed in the span with CSS present 
· The maximum number of monitored PDCCH candidates per span is
· M1 per span for (2, 2)
· M2 per span for (4, 3)
· M3 per span for (7, 3)
· Note: 
· The total number of monitored PDCCH candidates is not smaller than the limit per slot in Rel-15
· The value of M1, M2 and M3 can be different and SCS dependent 
· Note: PDCCH overbooking and PDCCH dropping are not performed per slot



Dropping rule
We support PDCCH overbooking and PDCCH dropping are only performed in the span with CSS present. For only USS span, gNB can configure the number of CCEs/BDs is up to the limit. In the span with CSS and USS, PDCCH candidates dropping rules in Rel-15 could be re-used. CSS is kept and higher index of USS is dropped in the span.

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 3: PDCCH candidates dropping rules in Rel-15 is re-used per monitoring span.

3	Conclusion 
Here we summarize proposals 

Proposal 1: Explicit indication in DCI for DCI format 0_2/1_2 and DCI format 0_1/1_1 are added when both DCI format 0_2/1_2 and DCI format 0_1/1_1 are configured to be monitored.

Proposal 2: Bracket text in step 2A in CR 38.212 for URLLC [1] is confirmed.

Proposal 3: PDCCH candidates dropping rules in Rel-15 is re-used per monitoring span.
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