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1 Introduction

In the last meeting, several remaining details on the NR PDCCH search space were agreed. extensively discussed and several progresses were made.   Besides the agreements, the following working assumptions were also achieved:[1]
Working assumption:

· At least for Case 1-1 and Case 1-2, map all candidates of USS  search-space-set with lower SS set ID before candidates of USS with higher ID 

· If all candidates in a SS set can’t be mapped, any candidates in the SS set and in any subsequent SS sets are dropped (not mapped)

· Case 2 FFS 

 For the purpose of simplicity, search space level dropping is the preference of most companies when more than one USS is configured in case either the number of blind decodes or the number of CCEs exceeds the maximum. In this contribution, we will focus on the case wherein more than one monitoring occasion exists in a slot. Additionally, we analyze an open issue related to the configuration of CORESET for Type 0/0A/2-PDCCH common search space.
2 PDCCH candidate dropping rule
After a long discussion in the last meeting, it is obvious that the main concern on defining dropping rule is to reduce the UE complexity. In order to achieve a much simpler solution, USS-level dropping is proposed at least for Case 1-1 and Case 1-2.  On the basis of current working assumption, the whole search space set should be dropped once all candidates in a SS set can’t be mapped.  This should be sufficient for Case 1 because the gNB could configure more than one SS set and ensure that the number of BDs or number of CCEs with the highest priority do not exceed the maximum.
For Case 2, where there can be multiple monitoring occasions related to a single SS set, the same principle applied to Case1 is not suitable. One example is shown in the following figure. Assuming there are seven monitoring occasions for USS1 in a slot and 2 AL-4 PDCCH candidates are included in each monitoring occasion. The number of PDCCH candidates configured for Type 0/0A/1/2 CSS is 7 candidates with a fixed DCI payload size and the number of CCEs is 16 as defined in TS 38.213. In this example, the total number of CCEs within a slot that UE has to execute channel estimation when overbooking happens is 56+16=74, which means all candidates in SS set 1 can’t be mapped. If the same solution of case 1 is adopted, all the candidates of USS1 across all the monitoring occasions will be dropped. This solution certainly has a big impact on the scheduling flexibility. 
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Figure1: One example of overbooking in case of multiple MO happens within a slot

Table 1: the number of PDCCH candidates and BD for each search space across all MOs
	Search space Set
	AL
	Configured PDCCH candidates
	Number of CCEs

	USS1 in monitoring occasion 1
	AL4
	2
	8

	USS1 in monitoring occasion 2
	AL 4
	2
	8

	USS1 in monitoring occasion3
	AL 4
	2
	8

	USS1 in monitoring occasion 4
	AL 4
	2
	8

	USS1 in monitoring occasion 5
	AL 4
	2
	8

	USS1 in monitoring occasion 6
	AL 4
	2
	8

	USS1 in monitoring occasion7
	AL 4
	2
	8

	CSS in the same slot
	AL 4
	4
	16

	
	AL 8
	2
	

	
	AL 16
	1
	

	Total number
	
	21
	74


In order to respect the limitation of blind decoding and CCE number within a slot, either PDCCH candidate level dropping or monitoring occasion level dropping could be considered.

· Alt.1: The most moderate method is to drop partial PDCCH candidates across different monitoring occasions. One possible solution is shown below:

1. Initialize the number of blind decodes BD-count to the total number across all monitoring occasions for the USS and CSS in a slot. Initialize the number of CCEs CCE-count to the total number across all monitoring occasions for USS and CSS in a slot. Denote BD-max as the agreed maximum number of blind decodes. Denote CCE-max as the agreed maximum number of CCEs. Denote M as the number of monitoring occasions.

2. Initialize to the smallest AL in the search space set.

3. For the current AL, initialize the monitoring occasion counter k to 0

a. While k < M

i. If there is more than one candidate in monitoring occasion k, drop one PDCCH candidate , decrease BD-count by 1 and decrease CCE-count by the current AL
ii. If the BD-count > BD-max or CCE-count > CCE-max, increment k
b. End while
c. If BD-count > BD-max or CCE-count > CCE-max, 

i. Increment AL and repeat Step 3

4. Increase the AL and repeat Step 3

One benefit of the above method is gNB and UE don’t need to drop the whole SS at a certain monitoring occasion, which means the scheduling in each monitoring occasion could be guaranteed and latency will not be increased.  However, the UE complexity is certainly higher than dropping the whole USS in a monitoring occasion.

· Alt.2: For the purpose of reducing the effort at the UE side when overbooking happens, a simpler method is to drop search space at monitoring occasion level, where the earlier monitoring occasion always has the higher priority. One example is shown below:
1. Denote M as the number of monitoring occasions.
2. Initialize the monitoring occasion counter k to 0

a. While k < M

i. If all candidates in a SS set within monitoring occasion k can be mapped, UE should monitor all the PDCCH candidates within monitoring occasion k
· increment k and repeat Step a
else if all candidates in a SS set within monitoring occasion k can’t be mapped, any candidates in the monitoring occasion k and in any subsequent monitoring occasions are dropped (not mapped), end while
b. End while
One demerit of the above solution is the monitoring occasions with larger index will be dropped which means UE cannot be scheduled by the DL assignment or UL grant transmitted in the corresponding monitoring occasions. Consequently, scheduling delay may be increased.
· Alt.3: In order to alleviate the shortcomings of Alt.1 and Alt.2, the PDCCH candidates could be dropped on monitoring occasion level in terms of a comb manner. The procedure is explained in the following section and one example is shown in figure 2 where the search space configuration is exactly same as table 1.
1. Initialize the number of blind decodes BD-count to the total number across all monitoring occasions for the USS and CSS in a slot. Initialize the number of CCEs CCE-count to the total number across all monitoring occasions for USS and CSS in a slot. Denote BD-max as the agreed maximum number of blind decodes. Denote CCE-max as the agreed maximum number of CCEs. Denote M as the number of monitoring occasions.
2. Initialize the monitoring occasion k as 0
a. While k<M
i. If all candidates in a SS set within monitoring occasion k can be mapped, UE should monitor all the PDCCH candidates within monitoring occasion k
· Increment k to k+2
· If k+2>M, initialize k to 1 and repeat step a
Else if all candidates in a SS set within monitoring occasion k can’t be mapped because of either BD-max or CCE-max is touched, any candidates in the monitoring occasion k and in any subsequent monitoring occasions are dropped (not mapped), end while
b. End while
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Figure2: One example for monitoring occasion level dropping
Proposal: For case 2, PDCCH candidates should be dropped on monitoring occasion level and comb manner could be adopted in order to reduce scheduling latency.
3 Clarification on Type0/0A/2-PDCCH common search space

In the current TS38.213, the procedure of determining the control resource set for Type0-PDCCH common search space set when searchSpace-SSB1 is not provided by the higher layer has been captured.[2]
However, it is still unclear whether gNB could configure another CORESET for Type0-PDCCH common search space in an active BWP not containing cell-defining SSB. As the CORESET#0 is exactly the one configured by PBCH which equal to the initial BWP, if only CORESET#0 could be configured for the Type0/0A/2-PDCCH common search space, UE has to switch to the initial BWP if the active BWP doesn’t include the CORESET#0 when RMSI/OSI/Paging scheduling happens. This mandatory switching manner may not be a suitable solution hence it impacts the regular scheduling at UE side. In order to address this concern, we recall that in Reno meeting the following agreements were achieved:

Agreements:

· C-SS in each DL BWP of the PCell/PScell

· On C-SS, Yp ,kp= 0.

· In Rel.15, 

· For scheduling RMSI, OSI, Paging, UE monitors common search space in the PCell only

· In addition, for random access and fall back, UE monitors common search space in the PCell and PSCell only

· Working assumption: The UE is not expected to be configured without C-SS on the PCell (PSCell) in the active DL BWP 
· NOTE: RAN1 does not expect additional impact on the UE behavior due to not having PRACH resource in the BWP
· Working assumption: In Rel.15, 

· A UE is expected to monitor C-SS (if configured) in the activated BWP

· Full functionalities of C-SS (scheduling RMSI, OSI, Paging, random access, etc) are supported by the C-SS configured by UE-specific RRC signaling.

· All RRC parameters defined for UE-SS are also defined for C-SS that is configured by UE-specific RRC signaling.

The purpose of the sentence “Full functionalities of C-SS (scheduling RMSI, OSI, Paging, random access, etc) are supported by the C-SS configured by UE-specific RRC signaling” is to make sure that UE does not have to switch to the initial BWP to receive broadcast information. Unfortunately, the above working assumption has not been confirmed yet. In order to respect the original spirit of the working assumption, the following two solutions could be considered:

· Alt.1: Cell-defining SSB should always be contained in each activated BWP. Under this assumption, Type0/0A/2 PDCCH common search space set could be always transmitted in the CORESET#0

· Alt.2: Additional CORESET other than #0 could be configured by higher layer through the PDCCH-ConfigCommon IE. There is no restriction that each activated BWP has to totally overlap with initial BWP.

It seems Alt.2 is a much more straightforward way as it allows gNB to freely configure CORESET for Type0/0A/2 PDCCH common search space in each UE dedicated BWP. UE can receive the scheduling grant for broadcast information in the configured CORESET within its activated BWP and doesn’t need to switch to the initial BWP. 

Proposal: RAN1 should make a clarification on whether additional CORESET other than CORESET#0 could be configured for Type0/0A/2-PDCCH common search space set in each activated BWP or only CORESET#0 could be used for Type0/0A/2-PDCCH common search space set in each activated BWP.

4 Conclusion
This contribution discussed several remaining details of the NR search space design. The main proposals are summarized below:
Proposal: For case 2, PDCCH candidates should be dropped on monitoring occasion level and comb manner could be adopted in order to reduce scheduling latency.
Proposal: RAN1 should make a clarification on whether additional CORESET other than CORESET#0 could be configured for Type0/0A/2-PDCCH common search space set in each activated BWP or only CORESET#0 could be used for Type0/0A/2-PDCCH common search space set in each activated BWP.

5 References

[1]. RAN1#92bis Chairman notes, April 16 – 20, 2018
[2]. R1-1805795, “CR on TS38.213”, RAN1#92bis, April 16 – 20, 2018
[image: image3.png]



_1586852951.vsd
 Slot n


CSS


USS1


USS1


Slot n+1


USS1


USS1


Overloading happens


USS1


USS1


USS1


USS1


USS1


USS1


USS1


USS1


USS1


USS1



_1587305029.vsd
 Slot n


CSS


0


1


Slot n+1


2


USS1


Overloading happens


3


4


5


6


USS1


USS1


USS1


USS1


USS1


USS1


Dropped


Dropped



