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Introduction
This contribution considers remaining issues on the DL control signaling design for URLLC. 


PDCCH for URLLC
DCI Formats
The main leftover issues on the design of DCI formats include:
a) How to indicate the priority associated with a DCI format
b) For DCI format 0_2, whether to support:
a. configurable sizes for MCS and RV
b. FDRA type 0
c. Configuration for {SRS resource indicator, precoding information and number of layers, antenna ports, SRS request, PTRS association}
c) For DCI format 1_2, whether to support:
a. configurable sizes for MCS
b. FDRA type 0
c. Configuration for SRS request

For DCI format 0_2, there are also descriptions for the DAI field in the draft CR TS38.212 that need to be corrected. Those include a DAI being used for Type-1 HARQ-ACK codebook (no current RAN1 agreement) and the multiplexing of two sub-codebooks (the sub-codebooks can only be of different priority type and no multiplexing in a PUSCH scheduled by DCI format 0_2 is supported).

Regarding the indication of the priority associated with a DCI format, using an explicit bit is not preferable because:
a) A gNB can adjust the size of DCI formats 0_2 and 1_2 (and the size of DCI format 0_1 and 1_1) to avoid any ambiguity due to DCI formats 0_2 and 1_2 having a same DCI size as other DCI formats. 
a. This is actually preferable than adding priority bit(s) that provide no other information and need to be included also in DCI formats 0_1 and 1_1 and possible 0_0/1_0 in a USS.
b) Any problem related to fallback DCI formats 0_1 and 1_0, particularly in the CSS, is avoided

Therefore, a UE can expect to be configured with a different size for DCI formats 0_2/1_2 than for other DCI formats and then a priority type can be uniquely associated with DCI formats 0_2/1_2 without ambiguity.
 
Observation 1: A gNB can set a different size for DCI format 0_2/1_2 than DCI formats 0_0/1_0, or DCI format 0_1, or DCI format 1_1. A UE can expect that DCI formats 0_2/1_2 have different size than other DCI formats and can directly identify a corresponding priority. 

Regarding the RV for DCI format 0_2, it should be configurable for the same reasons as for DCI format 1_2 (actually the reasons in the UL are somewhat stronger as the number of possible retransmissions may be more limited than in the DL – e.g. in case of SR-based PUSCH scheduling). No side specification impact is expected and the number of bits is up to the network to configure.

Proposal 1: Support configurable number of bits (0, 1, or 2) for the RV field in DCI format 0_2.


Regarding the MCS field, larger MCS indexes (e.g. with QAM64 or with QAM16 and/or high code rates) are clearly not going to be used for small TBs with small target BLER. Keeping it at 5 bits would only mean that DCI formats occasionally targeting ultra-reliability cannot get rid of 2-3 bits. The specification impact is practically non-existent, and no flexibility is lost for the network when using a reduced MCS range, if a reduced MCS size of M bits is used to address the first 2^M entries of the Rel-15 MCS Tables.

Proposal 2: Support configurable number of M bits (1 to 5) for the MCS field in DCI formats 0_2/1_2 that address the first 2^M entries of the Rel-15 MCS Tables.


Finally, although FDRA type 0 can provide some benefits over FDRA type 1, at least a UE that supports only URLLC services (only DCI formats 0_2/1_2) will also have to support FDRA type 0. If supported, it should be optional while FDRA type 1 is mandatory (can be a conclusion from the URLLC session for the the UE features session).

Regarding the configuration of the identified fields, Rel-15 can apply without changes.

Observation 2: For the configuration of SRS resource indicator, precoding information and number of layers, antenna ports, SRS request, PTRS association, and SRS request, no changes to Rel-15 are needed. 

[bookmark: _GoBack]Observation 3: It needs to be determined why a 4-bit DAI in DCI format 0_2 is needed and updates to TS38.212 for the operation of the UL DAI in DCI format 0_2 need to also be considered.


UE Capability for PDCCH monitoring 
Regarding the PDCCH monitoring, the following was agreed in RAN1#98.

Agreements:
Support (2, 2) (4, 3) (7, 3) defined in UE feature 3-5b as the combination (X, Y) for Rel-16 PDCCH monitoring capability on the per-CC limit on the maximum number of non-overlapping CCEs   for URLLC.    
· Combination (2, 1) (4, 1) (4, 2) (7, 1) (7, 2) are not additionally introduced
· FFS (3, 3) or (3,2) 
· UE reports the supported combinations per SCS 
· (2, 2) (4, 3) (7, 3) applicable for 15 kHz and 30 kHz
· FFS for 60 kHz and 120 kHz

For the first FFS of the agreement, a (3, 3) or a (3, 2) combination offer marginal additional flexibility over a (2, 2) or a (4, 3) and need not be further considered. For the second FFS of the agreement, slot-based periodicity is sufficient for 120 kHz while it safer to allow the (7, 3) combination for 60 kHz and it does not increase UE complexity (it can also be considered to remove the (2, 2) combination for 30 kHz).

Proposal 3: Define a number of non-overlapping CCEs for the (7, 3) span combination for 60 kHz.


In addition, the following was agreed in RAN1#98 for determining the number of non-overlapped CCEs that the UE is expected to monitor over a PDCCH MO.

	Agreements:
If UE reports the support of more than one combination of C(X, Y) for a given SCS, and if multiple combinations of C(X, Y) are valid for the span pattern, the maximum value of C of the valid combinations is applied.  
· A combination C(X, Y) is valid if the span pattern satisfies X and Y of the given combination in every slot, including cross slot boundary
· FFS the impact from empty span(s) on the span pattern 



First, regarding the FFS aspect for empty span(s) of a span pattern for a PDCCH monitoring configuration, no further agreement is needed as it would increase UE and specifications complexity for no practical benefit. This also relates to how the PDCCH monitoring capability is determined as it is subsequently discussed.  

The above agreement also has several undefined terms such as “combination” and “satisfies X and Y”. A clarification, together with a simplification of FG 3-5b for Rel-16 URLLC are considered. FG 3-5b can be simplified as follows. It is noted that for the agreed span combinations for URLLC, the value of Y is not relevant. 

	FG 3-5b (simplified for URLLC): A span is a number of symbols between two PDCCH MOs with non-overlapping symbols. A PDCCH monitoring configuration meets the UE capability limitation when there is a subset of   values, from a UE reported set of  values, that are smaller than or equal to the separation (in number of symbols) between any two spans, including the cross-slot boundary.



Then, in conjunction with the above, the agreement from RAN1#98 can be incorporated as follows. 

	FG 3-5b (simplified for URLLC and amended): A span is a number of symbols between two PDCCH MOs with non-overlapping symbols. A PDCCH monitoring configuration meets the UE capability limitation when there is a subset of   values, from a UE reported set of  values, that are smaller than or equal to the separation (in number of symbols) between any two spans, including the cross-slot boundary. The set of  values is associated with a set of numbers of non-overlapping CCEs. When the subset of  values includes more than one  value, the UE monitors the largest number of non-overlapping CCEs from the subset of numbers of non-overlapping CCEs associated with the subset of  values.  



Proposal 4: Clarify the agreement from RAN1#98 that the UE monitors the largest number of non-overlapping CCEs associated with X values that are smaller than any span for a PDCCH monitoring configuration.


Regarding the PDCCH monitoring for a UE supporting eMBB and URLLC, the following two options were identified in RAN1#98. 

	Agreements:
For a Rel-16 UE supporting enhanced PDCCH monitoring capability, down-select between option 1 and option 2: 
· Option 1: PDCCH monitoring based on Rel-15 capability for eMBB and PDCCH monitoring based on Rel-16 capability for URLLC can be configured to a UE on the same carrier
· UE monitors PDCCH for eMBB following reported Rel-15 capability, and monitors PDCCH for URLLC following reported Rel-16 capability 
· 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 for Rel-16 PDCCH only cover USS for URLLC (FFS for CSS)
· Option 2: PDCCH monitoring for both eMBB and URLLC can be configured based on either Rel-15 capability or Rel-16 capability
· 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  
· Note: the value C is to be separately discussed



The main issue is whether a UE capability for PDCCH monitoring is partitioned between eMBB and URLLC (Option 1) or is shared between eMBB and URLLC (Option 2). 

From a specification perspective, Option 1 is simple in that eMBB operation remains as in Rel-15 while URLLC is an add-on and treated separately. One issue with directly comparing Option 1 and Option 2 is that they are not equivalent in terms of UE hardware requirements or CA capabilities. 
· Option 1 requires the UE to monitor PDCCH with e.g. 44 PDCCH candidates per slot for MBB and with MURLLC PDCCH candidates per X symbols for URLLC. The PDCCH candidates and non-overlapping CCEs for eMBB and for URLLC can be identified as for cross-carrier scheduling – i.e. by search space sets. Therefore, the UE has an increased PDCCH monitoring capability to support both eMBB and URLLC. This additional capability can come at the expense of one less cell for CA capability (assuming URLLC only on one cell).
· Option 2 requires MURLLC PDCCH candidates per X symbols (with the exception of (X, Y) = (2, 2), MURLLC can be 44). This will result to a reduced number of PDCCH candidates for eMBB as some of the PDCCH candidates will need to be used for URLLC (no increase per span of the Rel-15 limits). This holds even if the DCI formats for URLLC have same size as the DCI formats for eMBB since the CCE aggregation levels will typically need to be different. Therefore, Option 2 may run out of non-overlapping CCEs for scheduling eMBB. 

In summary, Option 1 results to a reduced CA capability for a UE but avoids an impact on eMBB operation, especially on the PCell where search set dropping occurs. Option 2 can maintain the Rel-15 limits but can create scheduling restrictions for eMBB. Nevertheless, a gNB may provide ‘nesting’ of the PDCCH candidates for eMBB and URLLC (e.g. use same CORESET(s) where the total number of CCEs per CORESET is roughly equal to the number of non-overlapping CCEs for the URLLC PDCCH candidates) and circumvent the limitation in non-overlapping CCEs at a given PDCCH MO (the number of PDCCH candidates is much less of a problem).     
 
Observation 4: Option 1 provides better scheduling support for eMBB than Option 2 if a reduction by one cell in the CA capability of the UE is acceptable.

Observation 5: Option 2 is likely to require restrictions for a gNB in configuring search space sets in order to mitigate scheduling restrictions on eMBB or have scheduling restrictions on eMBB.  


Additionally, so-called “empty spans” should not be used to increase a number of PDCCH candidates/non-overlapping CCEs that a UE can perform in non-empty spans as this would have a material impact on UE complexity for gains that will typically either not materialize or will have a minor impact in practice.

Observation 6: Utilization of “empty spans” would increase UE complexity while any benefit would only be circumstantial and non-material for the overall UE/network operation.  


Table 1 provides suggested values for a number of non-overlapping CCEs corresponding to a value of X. In case of Option 1 for PDCCH monitoring, the number of PDCCH candidates can be as in Rel-15 regardless of the value of X.

Table 1: Maximum number of non-overlapping CCEs as a function of the span duration and the SCS.
	　
	X
	Y
	Maximum number of non-overlapped CCEs per span

	
	
	
	=0
	=1
	=2
	=3

	Case 1
	2
	2
	48
	48
	N/A
	N/A

	Case 2
	4
	3
	56
	56
	N/A
	N/A

	Case 3
	7
	3
	56
	56
	48
	N/A

	Rel-15 reference (per slot)
	56
	56
	48
	32




Finally, the Rel-15 search space set dropping rules are sufficient as the gNB scheduler can assign a lower index to search space set(s) that a UE will prioritize for PDCCH monitoring (i.e. search space set(s) for URLLC can have a lower index).

Observation 7: The Rel-15 search space set dropping rules suffice.  


Conclusions
This contribution considered aspects related to DL control signaling for Rel-16 URLLC and proposes the following.

Proposal 1: Support configurable number of bits (0, 1, or 2) for the RV field in DCI format 0_2.

Proposal 2: Support configurable number of M bits (1 to 5) for the MCS field in DCI formats 0_2/1_2 that address the first 2^M entries of the Rel-15 MCS Tables.

Proposal 3: Define a number of non-overlapping CCEs for the (7, 3) span combination for 60 kHz.

Proposal 4: Clarify the agreement from RAN1#98 that the UE monitors the largest number of non-overlapping CCEs associated with X values that are smaller than any span for a PDCCH monitoring configuration.


In addition, the following observation is made.

Observation 1: A gNB can set a different size for DCI format 0_2/1_2 than DCI formats 0_0/1_0, or DCI format 0_1, or DCI format 1_1. A UE can expect that DCI formats 0_2/1_2 have different size than other DCI formats and can directly identify a corresponding priority. 

Observation 2: For the configuration of SRS resource indicator, precoding information and number of layers, antenna ports, SRS request, PTRS association, and SRS request, no changes to Rel-15 are needed. 

Observation 3: It needs to be determined why a 4-bit DAI in DCI format 0_2 is needed and updates to TS38.212 for the operation of the UL DAI in DCI format 0_2 need to also be considered.

Observation 4: Option 1 provides better scheduling support for eMBB than Option 2 if a reduction by one cell in the CA capability of the UE is acceptable.

Observation 5: Option 2 is likely to require restrictions for a gNB in configuring search space sets in order to mitigate scheduling restrictions on eMBB or have scheduling restrictions on eMBB.  

Observation 6: Utilization of “empty spans” would increase UE complexity while any benefit would only be circumstantial and non-material for the overall UE/network operation.  

Observation 7: The Rel-15 search space set dropping rules suffice.  
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