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1 Introduction

Most details of the NR DL control channel framework have been agreed and are now captured in TS 38.213 [1]. This contribution addresses several open aspects regarding the PDCCH monitoring framework, blind decoding complexity, and some remaining details of CORESET configuration.   
2 PDCCH monitoring framework
The NR PDCCH monitoring framework was studied and specified in parallel under different topics including the general search space design, group common PDCCH (GC-PDCCH) and partly under DL pre-emption. For GC-PDCCH, it was an open issue, up till the previous RAN1 meeting, whether this would be a separate channel characterized by a different channel coding scheme, or whether it would be group common DCI, albeit with special considerations to facilitate faster decoding and enhanced reliability compared to other DCI formats. This led, in part, to different RRC parameters regarding monitoring of DCI format 2_0 for SFI, 2_1 for DL pre-emption and formats 2_2/2_3 for the TPC variety. 

In our view it is desirable from a specification perspective to define a unified framework and only introduce differences to the general framework where necessary. Towards this goal we recall relevant agreements regarding search space monitoring configuration. 

	Agreements: [RAN1 AH2]
· UE is configured with a CORESET to monitor group-common PDCCH.

· When configured, the group-common PDCCH follows the same CORESET configuration (e.g., REG-to-CCE mapping) of the CORESET.

· A group-common PDCCH is formed by an integer number of CCEs.

· The CORESET for the monitored group-common PDCCH carrying SFI can be the same or different from the CORESET for the monitored PDCCH for other types of control signalling.

Agreements: [RAN1 AH3]
· UE can be configured to monitor the group common PDCCH for SFI and the group common DCI for DL preemption indication within the same or different CORESETs
Agreements: [RAN1 90bis]
· At least for cases other than initial access, to identify a set of search spaces, following parameters are configured by UE-specific RRC signaling:

· The number of PDCCH candidates for each aggregation level of {1, 2, 4, 8, [16]}

· One value from {0, 1, 2, 3, 4, 5, 6, 8}

· PDCCH monitoring occasion for the set of search spaces

· One value of from {1-slot, 2-slot, [5-slot], [10-slot], [20-slot]} (at least 5 values)

· One or more value(s) from 1st symbol, 2nd symbol, …, 14th symbol within a monitored slot

· Each set of search spaces associates with a CORESET configuration by RRC signaling

Agreements: [RAN1 91]
· Supported periodicities for slot level preemption monitoring are
· 1, 2, TBD1, TBD2 slots
Agreements: [RAN1 91]
· For GC-PDCCH monitoring, the period is GC-PDCCH SCS dependent

· For 15KHz SCS (slots based on 15kHz): 1,2,5,10,20

· For 30KHz SCS (slots based on 30kHz): 1, 2, 4, 5, 10, 20

· For 60KHz SCS(slots based on 60kHz): 1, 2, 4, 5, 8, 10, 20

· For 120KHz SCS(slots based on 120kHz): 1, 2, 4, 5, 10, 20


It can be seen that while monitoring periodicities were specified for SFI and PI, none was specified for TPC, which makes sense as TPC can fall under the general search space framework. It is clear that DCI format 2_1 should be monitored as fast as the network would allow, thereby reaping the benefits of signaling an interruption within a PDSCH transmission. However, it is up to the network to configure the appropriate monitoring periodicity and there is no motivation we can find for specifying a separate RRC parameter such as INT-monitoring-periodicity specifically for monitoring DCI format 2_1. This viewpoint is also validated when one reviews the agreed RRC parameters [2], where it can be seen that other search space parameters such as the search space sets, are not provided by separate RRC parameters for DCI format 2_1.
Observation: Monitoring of DCI formats 2_1 /2_2/2_3 fall under the same general PDCCH monitoring framework and can be individually configured  based on a single RRC parameter Monitoring-periodicity-PDCCH-slot. There is no need for a separate parameter, INT-monitoring-periodicity. Restrictions to slot-level monitoring can be applied individually for each format, e.g. only slot-level monitoring is applicable to DCI format 2_1.
Therefore, considering the FFS values above for both the general search space monitoring and INT search space, it should be sufficient to define a single set of values, e.g. {1, 2, 5, 10, 20}. 
The case of DCI format 2_0 is rather different as the SFI reception could have a strong bearing on stable system operation in TDD. This partly motivated the agreement to limit the maximum number of candidates for SFI monitoring to 2 with a single aggregation level. Moreover, it can be seen that the monitoring periodicity is SCS-dependent and powers of 2 were added to 60 KHz to enable unified operation within a wideband carrier for either frequency range 1 or 2. Figure 1 is an example system configuration of two CORESETs where DCI formats 2_1/2_2/2_3 can be mapped to CORESET1, whereas DCI 2_0 can either be mapped to CORESET1 or mapped to a different CORESET. In contrast, each of the other 2_X formats can be independently configured using the top-level RRC parameter, search-space-config. Therefore, it should be clear that though DCI format 2_X consist of group-common DCIs that are provided in a UE-specific RRC configuration, DCI format 2_X they cannot be classified under the same Type3 common search space.
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Figure 1 Illustration of an association of group-common DCI format 2_X to CORESETs
Proposal: 

· DCI formats 2_X can be classified under the following search space types:
· a Type3A-PDCCH common search space for a DCI format with CRC scrambled by SFI-RNTI
· a Type3B-PDCCH common search space for a DCI format with CRC scrambled by INT-RNTI, or TPC-PUSCH-RNTI, or TPC-PUCCH-RNTI, or TPC-SRS-RNTI.
· Search space configuration (including monitoring periodicity) for at least DCI formats transmitted in Type3B common search space or UE-specific search space is provided by the higher layer parameter search-space-config.
· The set of values for the RRC parameter, Monitoring-periodicity-PDCCH-slot, is confirmed as {1-slot, 2-slot, [5-slot], [10-slot], [20-slot]}.
· Restrictions to parameter values are DCI format dependent
· Only slot-level monitoring can be configured for DCI format 2_1 per RAN1 #91 agreement. 
A text proposal reflecting some of these proposed changes is provided in the Appendix.
3 Other open issues of search space design
3.1 CORESET configuration
In the last meeting, the tentatively maximum number of CORESET and search space that could be configured within a BWP is determined from the following agreement:

Agreements:

· Introduce a linkage between search space set and CORESET via an index to the CORESET configuration

· CORESET is removed from the search space configuration

· In Rel-15, the max no. of CORESETs configurable for a BWP in a cell for a UE is [3]

· In Rel-15, the max no. of search space sets configurable for a BWP in a cell for a UE is [10]

One open issue is whether the maximum no. of CORESETs configurable for a UE in a BWP contains the RMSI-CORESET. Firstly, our understanding is that the BWP mentioned in the above agreement is configured by RRC signaling. When a UE receives the PBCH carrying the information of RMSI-CORESET, the UE-specific BWP is still not configured. Secondly, a linkage, i.e. the CORESET ID, between search space set and CORESET is necessary to tell UE where to monitor for PDCCH. There is not such a parameter when MIB configure the RMSI-CORESET. As described in the TS38.213, 6 different types of search space have been defined for now. Additionally, as we discussed in the aforementioned part, it is better to split the current type 3 CSS into two types of search space. For common search spaces, they could be transmitted in the CORESET with distributed mapping in order to guarantee the robustness. While for UE-specific search space, a more reasonable way is to have the flexibility to configure several UE-specific search spaces related to different CORESETs. Besides, we think the maximum number, i.e. 3, of CORESET configurable for a BWP in a cell for a UE is sufficient and the working assumption should be confirmed. 
Proposal: Confirm the max no. of CORESETs configurable for a BWP in a cell for a UE is 3 in Rel-15.

Proposal: Confirm the max no. of search space sets configurable for a BWP in a cell for a UE is 10 in Rel-15.

3.2 Blind decoding complexity

It was agreed to support AL = 16 for both common and UE-specific control signaling.
However, the number of PDCCH candidates for each supported aggregation level in at least the Type0 common search space is still waiting to be confirmed. The following working assumption gave the preliminary number of PDCCH candidates for each AL:
Working assumption:

· For PDCCH monitoring for receiving RMSI, the number of PDCCH candidates are following:

· 4 candidates for AL = 4 

· 2 candidates for AL = 8

· DCI size for RMSI scheduling and DCI size for OSI scheduling are the same

· FFS: Paging and fallback

4 candidates for AL =4 and 2 candidates for AL = 8 is a good tradeoff between the BD complexity and PDCCH capacity. One AL 16 candidate consists of 16 CCEs which occupy 96 RBs which would be mapped to CCE 0 to 15 taking up the same region as the four AL candidates and two AL8 candidates. It is sufficient and will not introduce excessive CORESET bandwidth.
Proposal: Confirm the following working assumption with addition of AL = 16
Working assumption:

· For PDCCH monitoring for receiving RMSI, the number of PDCCH candidates are following:

· 4 candidates for AL = 4 

· 2 candidates for AL = 8
· 1 candidates for AL = 16
In RAN1#90bis meeting, the following agreements were achieved for hash function for NR-PDCCH.
Agreements: 
· Take the same hash function of LTE EPDCCH as the hash function for NR-PDCCH

· Further refinements can be further considered till next meeting if necessary
In the current version of TS38.213, the above agreements are captured and shown in the appendix. As discussed in the aforementioned section, the max no. of CORESETs configurable for a BWP in a cell for a UE is 3. Given this, the number of parameter AX in the NR PDCCH hash function should be aligned with the number of configurable CORESETs. The same principle in LTE, i.e. select a relatively large prime number in ascending order, could be reused here in order to guarantee the maximum randomization. In addition to A0 = 39827 and A1 = 39829, A2 = 39839.
The search space expression is a function of the monitoring occasion index to prevent consistent blocking in successive monitoring occasions. In TS 38.213, the hash parameter 
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 slots, whereas it should be incremented according to the search space monitoring occasions within a time interval such as the radio frame.

Proposal: The current search space function should be modified as following:


[image: image4.wmf]ë

û

i

L

N

n

M

L

N

m

Y

L

p

CI

L

p

p

n

MO

p

CI

p

+

ï

þ

ï

ý

ü

ï

î

ï

í

ì

÷

÷

ø

ö

ç

ç

è

æ

+

ú

ú

û

ú

ê

ê

ë

ê

×

×

+

×

,

CCE

)

(

max

,

,

CCE

,

mod


· for a UE-specific search space, 
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· MOp is the monitoring occasion index within 10ms for a CORESET p;

4 Conclusion
This contribution discussed several remaining details of the NR search space design. The main proposals are summarized below, while some detailed text proposals are provided in the appendix.
Proposal: 

· DCI formats 2_X can be classified under the following search space types:
· a Type3A-PDCCH common search space for a DCI format with CRC scrambled by SFI-RNTI
· a Type3B-PDCCH common search space for a DCI format with CRC scrambled by INT-RNTI, or TPC-PUSCH-RNTI, or TPC-PUCCH-RNTI, or TPC-SRS-RNTI.
· Search space configuration (including monitoring periodicity) for at least DCI formats transmitted in Type3B common search space or UE-specific search space is provided by the higher layer parameter search-space-config.
· The set of values for the RRC parameter, Monitoring-periodicity-PDCCH-slot, is confirmed as {1-slot, 2-slot, [5-slot], [10-slot], [20-slot]}.
· Restrictions to parameter values are DCI format dependent
· Only slot-level monitoring can be configured for DCI format 2_1 per RAN1 #91 agreement. 
Proposal: 
· Confirm the max no. of CORESETs configurable for a BWP in a cell for a UE is 3 in Rel-15.

Proposal:
·  Confirm the max no. of search space sets configurable for a BWP in a cell for a UE is 10 in Rel-15.

Proposal: 
· Confirm the following working assumption with addition of AL = 16

Working assumption:

· For PDCCH monitoring for receiving RMSI, the number of PDCCH candidates are following:

· 4 candidates for AL = 4 

· 2 candidates for AL = 8
· 1 candidates for AL = 16
Proposal: 
· The current search space function should be modified as following:
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· for a UE-specific search space, 
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· MOp is the monitoring occasion index within 10ms for a CORESET p;

Besides, the following observation is also obtained:
Observation: Monitoring of DCI formats 2_1 /2_2/2_3 fall under the same general PDCCH monitoring framework and can be individually configured  based on a single RRC parameter Monitoring-periodicity-PDCCH-slot. There is no need for a separate parameter, INT-monitoring-periodicity. Restrictions to slot-level monitoring can be applied individually for each format, e.g. only slot-level monitoring is applicable to DCI format 2_1.
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6 APPENDIX

6.1 Text proposal to TS 38.213
------------------------------------------------ Start of text proposal for 38.213 ---------------------------------------------
10.1
UE procedure for determining physical downlink control channel assignment 

A set of PDCCH candidates for a UE to monitor is defined in terms of PDCCH search spaces. A search space can be a common search space or a UE-specific search space. A UE shall monitor PDCCH candidates in non-DRX slots in one or more of the following search spaces

-
a Type0-PDCCH common search space for a DCI format with CRC scrambled by a SI-RNTI on a primary cell;

-
a Type0A-PDCCH common search space for a DCI format with CRC scrambled by a SI-RNTI on a primary cell;

-
a Type1-PDCCH common search space for a DCI format with CRC scrambled by a RA-RNTI, or a TC-RNTI, or a C-RNTI on a primary cell;

-
a Type2-PDCCH common search space for a DCI format with CRC scrambled by a P-RNTI on a primary cell;
-
a Type3A-PDCCH common search space for a DCI format with CRC scrambled by SFI-RNTI
-
a Type3B-PDCCH common search space for a DCI format with CRC scrambled by INT-RNTI, or TPC-PUSCH-RNTI, or TPC-PUCCH-RNTI, or TPC-SRS-RNTI, or C-RNTI, or CS-RNTI(s); and
-
a UE-specific search space for a DCI format with CRC scrambled by C-RNTI or CS-RNTI(s).

------------------------------------------------- Text omitted -----------------------------------------------------------------
------------------------------------------------- Text omitted -----------------------------------------------------------------
For a control resource set 
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for any common search space, 
[image: image20.wmf]0

,

=

p

MO

p

Y

; 

for a UE-specific search space, 
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MOp is the monitoring occasion index within 10ms for a CORESET p;
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 is the carrier indicator field value if the UE is configured with a carrier indicator field for the serving cell on which PDCCH is monitored; otherwise, including for any common search space, 
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 is the number of PDCCH candidates the UE is configured to monitor for aggregation level 
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for any common search space, 
[image: image36.wmf])

(

0

,

)

(

max

,

L

p

L

p

M

M

=

;  

for a UE-specific search space,
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 is defined in [5, TS 38.212] and in [6, TS 38.214].
------------------------------------------------- Text omitted -----------------------------------------------------------------
------------------------------------------------ End of text proposal for 38.213 ---------------------------------------------
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