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1	Introduction
In this contribution, we discuss the following remaining issues on CORESET and search space.
UE blind decoding and channel estimation complexity limitations
PDCCH hashing rules
2	UE blind decoding and channel estimation complexity limitations
In RAN1 #91, we have the following agreements for the maximum number of PDCCH blind decoding per slot:
Agreements:
· For information, the following cases are clarified:
· Case 1: PDCCH monitoring periodicity of 14 or more symbols
· Case 1-1: PDCCH monitoring on up to three OFDM symbols at the beginning of a slot
· Case 1-2: PDCCH monitoring on any span of up to 3 consecutive OFDM symbols of a slot
· For a given UE, all search space configurations are within the same span of 3 consecutive OFDM symbols in the slot
· Case 2: PDCCH monitoring periodicity of less than 14 symbols
· Note: this includes the PDCCH monitoring of up to three OFDM symbols at the beginning of a slot
· The numbers in bracket in the following table can be further adjusted but not to be increased
· X<=16, Y<=8
· FFS whether or not to have case 2’, where the values of X and/or Y can be smaller than case 2
	Max no. of PDCCH BDs per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Case 1-1
	44
	36
	22
	20

	Case 1-2
	[44]
	
	
	-

	Case 2
	[44+X]
	[36+Y]
	[22+Y]
	[20]



Related to blind decoding limit discussion, RAN1 also made the following conclusion.
Conclusion:
· RAN1 common understanding is that the PDCCH channel estimation complexity is not negligible at least in some cases.
· FFS: Possible solutions to resolve the channel estimation complexity issue together with the impact on PDCCH blocking probability
· Opt.1: Define the limits of “the number of CCEs for PDCCH channel estimation which refers to the union of the sets of CCEs for PDCCH candidates”
· Note: the overlapped CCEs associated with different CORESETs are counted separately.
· FFS: CCEs for the same precoder-granularity are counted as one channel estimation
· FFS: whether/how to handle the variation on the actual number of CCEs for PDCCH channel estimation and BDs over time
· Application of overbooking is considered
· Strive for not having specific UE capability to report the maximum number of CCEs for PDCCH channel estimation.
· Study the solutions considering the cases 1-1, 1-2, 2, and 2’.
· Opt.2: Modify the hashing function
· Opt.3: Increase the size of the precoder granularity

For PDCCH processing, the UE needs to 
Perform channel estimation per REG bundle for all the REG bundles covered by all decoding candidates
· Note that if different DMRS sequence assumptions are needed for one REG bundle shared by different decoding candidates, separate channel estimations are needed
Compute the LLRs for each REG bundle
Perform blind decoding for each decoding candidate

Note that in legacy LTE, since wide band channel estimation using CRS is implied, the channel estimation complexity is not a function of decoding candidate configuration. But in NR, REG bundle based channel estimation will be applied and the complexity increases with the number of REG bundles to perform channel estimation on.

Given limited hardware capability, we believe the number of blind decoding and the amount of channel estimation have to be jointly decided. If we define max X only, it is possible for gNB to schedule all AL8 candidates for the max X blind decodings and makes it impossible for the UE to perform the channel estimation in time. As discussed in the last RAN1 meeting, we propose to define the upper limit on channel estimation in unit of CCEs. Our preferred values are provided in the following table. For example, in LTE case, combining CSS and UESS, the 44 blind decodings translate to 74 CCEs. Due to higher channel estimation complexity, we need to reduce it to 48. One example to use this is for CSS, configure (2,2,0,0) for AL 8/4/2/1, and configure (2,2,0,0) for UESS for cell edge UE. For cell center UE, can configure (0,2,6,4) for UESS.
	No. of CCEs that the UE can perform channel estimation per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Case 1-1
	48
	48
	24
	24

	Case 1-2
	[48]
	
	
	

	Case 2
	[48]
	[48]
	[24]
	[24]



[bookmark: p1]Proposal 1. UE PDCCH channel estimation limitations are jointly defined for each SCS in addition to the blind decoding limits as above.
3	Search Space Selection
LTE EPDCCH-like hashing function was adopted in NR as below.
----------------------------------------



For a control resource set , the CCEs corresponding to PDCCH candidate  of the search space for a serving cell corresponding to carrier indicator field value  are given by 


where

for any common search space,; 





for a UE-specific search space,, , , ,  and ;

;


 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, ;



 is the number of CCEs, numbered from 0 to , in control resource set ; 




, where  is the number of PDCCH candidates the UE is configured to monitor for aggregation level  for a serving cell corresponding to ;  

for any common search space, ;  





for a UE-specific search space, is the maximum of  for all corresponding DCI formats over all configured  values for a CCE aggregation level  in control resource set ;

the RNTI value used for  is defined in [5, TS 38.212] and in [6, TS 38.214]. 
----------------------------------------
Then, given (X,Y), when gNB configures the search space, it has to assume the worst case, i.e., the decoding candidates are not overlapping. For example, if for aggregation level ,  blind decodings are configured, then the worst case scenario is 


Typically this means if the gNB wants to take advantage of full X decoding capability, the decoding candidate aggregation level profile will be heavily biased towards low aggregation levels, which only works for high geometry UEs. 
On the other hand, due to random hashing, in many cases, the decoding candidates will (partially) overlap on CCEs, especially when the coreset bandwidth is not too wide, i.e, there are relatively small number of CCEs in the coreset. In this case, using the worse case assumption (non-overlapping CCEs) for aggregation level profile decision will be too conservative. An alternative solution is, the gNB picks () and follow the normal hashing rules. But after hashing, the gNB picks a subset of decoding candidates that are contained in  CCEs. When coreset is not too wide, typically, all decoding candidates will remain, if the support of the CCE hashing is within  CCEs. Otherwise, if the the support of the hashing exceeds  CCEs, some of the decoding candidates will be invalid and cannot be used.
[bookmark: p2]Proposal 2. After PDCCH hashing, pick a subset of decoding candidates as valid where the resulting set of CCEs is within the limit .
The limitation (X,Y) is for a slot, but the PDCCH hashing is per coreset. For the search space configuration of the ’th coreset in the slot, we will need to configure the aggregation level profile () and configure the CCE limit  such that

After hashing within each coreset, pick the subset of decoding candidates in a coreset such that the CCE support is within . The instantaneous aggregation level profile becomes , where .
[bookmark: p3]Proposal 3. When configuring the search space in a coreset, also configure the number of channel estimation CCEs in the coreset out of the total limitation of channel estimation CCEs per slot.
4	CORESET Time-domain Locations
In RAN1#91, it was agreed to remove “CORESET-start-symb” from the RRC parameter. The justification of this agreement was that this information can be also provided by the RRC parameter “monitoringSymbolsWithinSlot” in search space configuration via 14 bit bitmap. We understand the intention of each bit in “monitoringSymbolsWithinSlot” is the indication of the start symbol of the associated CORESET. It is good to confirm this understanding to avoid confusion in the specification.
Agreements:
· RRC parameter “CORESET-start-symb” is deleted from the RRC parameter list.
[bookmark: p6]Proposal 4. RAN1 understands that each bit in “monitoringSymbolsWithinSlot” in SearchSpace RRC configuration indicates a start symbol of the associated CORESET.
With this clarification, current search space configuration in RRC allows search space to be configurable at any symbol within a slot. Independent of blind decoding limits, this is also problematic for UE implementation due to too flexible configuration. Due to similar reasons, 3 cases were defined for the purpose of blind decoding limit discussion. Case 1-1 and case 1-2 has only one time span for DL control region. For case 2, currently there is no limitation. In order to avoid unnecessary implementation complexity (UE processing management, memory management and etc.), we propose to limit up to 2 time spans within a slot, each up to 3 consecutive OFDM symbols.
[bookmark: p7]Proposal 5. For a given UE for a given CC, PDCCH monitoring is limited up to 2 time span within a slot, each time span of up to 3 consecutive OFDM symbols.
5	CORESET and SSB Multiplexing
In current 38.213 specification, it is stated that “the UE receives the PDCCH by excluding REs corresponding to SS/PBCH block indexes indicated by …”. 
A UE can be configured by higher layer parameter SSB-periodicity-serving-cell a periodicity of half frames for transmission of SS/PBCH blocks in a serving cell. If the UE has received SSB-transmitted-SIB1 and has not received SSB-transmitted and if REs for a PDCCH reception overlap with REs corresponding to SS/PBCH block indexes indicated by SSB-transmitted-SIB1, the UE receives the PDCCH by excluding REs corresponding to SS/PBCH block indexes indicated by SSB-transmitted-SIB1. If a UE has received SSB-transmitted and if REs for a PDCCH reception overlap with REs corresponding to SS/PBCH block indexes indicated by SSB-transmitted, the UE receives the PDCCH by excluding REs corresponding to SS/PBCH block indexes indicated by SSB-transmitted.
RAN1 has not discussed clear UE behavior related to the case when resources are overlapping between CORESET and SSB. We believe this text resulted from the agreement made in initial access discussion during RAN1 NR-AH#3 as follows:
Agreements:
· For rate matching purpose
· For UE specific PDSCH and UE specific CORESET
· If the UE has received no bitmap through RRC signalling, the UE assumes SS/PBCH block transmission according to the signalling in RMSI 
· If the UE has received a bitmap through RRC signalling, the UE assumes SS/PBCH block transmission according to the bitmap in RRC based signalling 
· For PDSCH carrying RMSI and the corresponding PDCCH CORESET, the UE assumes that no SS block is transmitted in the allocated resources
· Working assumption: For other channels, the UE assumes SS/PBCH block transmission according to the signalling in RMSI
· FFS: Confirm for each channel
· The signalling in RMSI is only for the associated SS/PBCH block
· FFS: Other uses of the signalled SS/PBCH block indication in RMSI and/or RRC

When UE assumes SSB transmission as the part of the CORESET, there can be different options. Either entire CORESET is dropped, overlapping candidates are dropped, overlapping candidates are rate matched or punctured. CORESET dropping might be too lossy from network perspective. On the other hand, PDCCH rate matching or puncturing was never verified and it may add unnecessary complexity for control channel processing. Therefore, it is proposed to adopt search space dropping for those that has overlapping resources with SSB.
[bookmark: p8]Proposal 6. When there are overlapping REs between UE-specific CORESET and SSB, UE is not required to monitor any candidate overlapping with SSB REs.
6	Minor Corrections
6.1	Clarification on search space sharing for cross carrier scheduling
In RAN1#91, the following agreement was made for search space sharing.
Agreements:
· For cross-carrier scheduling, NR support UESS sharing in case of same DCI size for DCIs of different carriers on the same scheduling carrier, as an optional feature (additional UE capability for UEs that are capable of cross-carrier scheduling)
However, current specification implies that search space will be always shared for the same DCI size. Given it was already agreed as an optional feature, some modification is necessary.
[bookmark: p4]Proposal 7. The following TP is proposed to reflect agreement for search space sharing for cross carrier scheduling in subclause 10.1 in TS 38.213 v2.0.0.
--------------------------------------------------------- Beginning of change -------------------------------------------------------------
If a UE is configured to share PDCCH UE specific search spaces across carrier indicator fields with a DCI format size, A a UE configured to monitor PDCCH candidates in a serving cell with a the DCI format size with carrier indicator field and CRC scrambled by C-RNTI, where the PDCCH candidates may have one or more possible values of carrier indicator field for the DCI format size, shall assume that an PDCCH candidate with the DCI format size may be transmitted in the serving cell in any PDCCH UE specific search space corresponding to any of the possible values of carrier indicator field for the DCI format size.
----------------------------------------------------------- End of change ------------------------------------------------------------------
6.2	Correction on hashing function
The current search space hashing function in 213 specification used a variable which was already defined. kp in the equation seems to indicate a slot index (replacing a subframe index in LTE EPDCCH), however kp was already defined as a PDCCH monitoring periodicity. In fact, there is no need to have a subscript p for each CORESET for the slot index.
[bookmark: p5]Proposal 8. The following TP is proposed to correct PDCCH hashing function in subclause 10.1 in TS 38.213 v2.0.0.
--------------------------------------------------------- Beginning of change -------------------------------------------------------------



[bookmark: _Hlk503388170]For a control resource set , the CCEs corresponding to PDCCH candidate  of the search space for a serving cell corresponding to carrier indicator field value  are given by 




where


for any common search space,  of slot [image: ]; 






for a UE-specific search space, , , , ,  and ;

;


 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, ;



 is the number of CCEs, numbered from 0 to , in control resource set ; 




, where  is the number of PDCCH candidates the UE is configured to monitor for aggregation level  for a serving cell corresponding to ;  

for any common search space, ;  





for a UE-specific search space, is the maximum of  for all corresponding DCI formats over all configured  values for a CCE aggregation level  in control resource set ;

the RNTI value used for  is defined in [5, TS 38.212] and in [6, TS 38.214].
----------------------------------------------------------- End of change ------------------------------------------------------------------
7	Conclusions 
For CORESET and search space design, we have made the following proposals:
Proposal 1. UE PDCCH channel estimation limitations are jointly defined for each SCS in addition to the blind decoding limits as above.
Proposal 2. After PDCCH hashing, pick a subset of decoding candidates as valid where the resulting set of CCEs is within the limit .
Proposal 3. When configuring the search space in a coreset, also configure the number of channel estimation CCEs in the coreset out of the total limitation of channel estimation CCEs per slot.
Proposal 4. RAN1 understands that each bit in “monitoringSymbolsWithinSlot” in SearchSpace RRC configuration indicates a start symbol of the associated CORESET.
Proposal 5. For a given UE for a given CC, PDCCH monitoring is limited up to 2 time span within a slot, each time span of up to 3 consecutive OFDM symbols.
Proposal 6. When there are overlapping REs between UE-specific CORESET and SSB, UE is not required to monitor any candidate overlapping with SSB REs.
[bookmark: _GoBack]Proposal 7. The following TP is proposed to reflect agreement for search space sharing for cross carrier scheduling in subclause 10.1 in TS 38.213 v2.0.0.
--------------------------------------------------------- Beginning of change -------------------------------------------------------------
If a UE is configured to share PDCCH UE specific search spaces across carrier indicator fields with a DCI format size, A a UE configured to monitor PDCCH candidates in a serving cell with a the DCI format size with carrier indicator field and CRC scrambled by C-RNTI, where the PDCCH candidates may have one or more possible values of carrier indicator field for the DCI format size, shall assume that an PDCCH candidate with the DCI format size may be transmitted in the serving cell in any PDCCH UE specific search space corresponding to any of the possible values of carrier indicator field for the DCI format size.
----------------------------------------------------------- End of change ------------------------------------------------------------------
Proposal 8. The following TP is proposed to correct PDCCH hashing function in subclause 10.1 in TS 38.213 v2.0.0.
--------------------------------------------------------- Beginning of change -------------------------------------------------------------



For a control resource set , the CCEs corresponding to PDCCH candidate  of the search space for a serving cell corresponding to carrier indicator field value  are given by 




where


for any common search space,  of slot [image: ]; 






for a UE-specific search space, , , , ,  and ;

;


 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, ;



 is the number of CCEs, numbered from 0 to , in control resource set ; 




, where  is the number of PDCCH candidates the UE is configured to monitor for aggregation level  for a serving cell corresponding to ;  

for any common search space, ;  





for a UE-specific search space, is the maximum of  for all corresponding DCI formats over all configured  values for a CCE aggregation level  in control resource set ;

the RNTI value used for  is defined in [5, TS 38.212] and in [6, TS 38.214].
----------------------------------------------------------- End of change ------------------------------------------------------------------
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