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1. Introduction

In this contribution, we discuss remaining issue and correction for downlink control channel including search space aspect in Section 2 and GC-PDCCH in Section 3.

2. Search Space

Issue 1: PDCCH candidates mapping rules considering beam failure recovery

In current RRC specification [1], some parameters related to search space are quoted below. In addition, some parameters related to BFR-CORESET are also quoted below.

	BeamFailureRecoveryConfig ::= 

SEQUENCE {


rootSequenceIndex-BFR



INTEGER (0..137)














OPTIONAL,
--
Need M


rach-ConfigBFR





RACH-ConfigGeneric














OPTIONAL,
--
Need M


candidateBeamThreshold

RSRP-Range


















OPTIONAL,
--
Need M


candidateBeamRSList




SEQUENCE (SIZE(1..maxNrofCandidateBeams)) OF PRACH-ResourceDedicatedBFR

OPTIONAL,
--
Need M


ra-ssb-OccasionMaskIndex


INTEGER (0..15)















OPTIONAL, 
--
Need M


recoveryControlResourceSetId

ControlResourceSetId













OPTIONAL
,
-- Need S


recoverySearchSpaceId



SearchSpaceId















OPTIONAL,
-- Need S


...
}













In [2], one agreement related to BFR-CORESET is quoted below. Based on our understanding to this agreement, BFR-CORESET is dedicated for receiving gNB response during BFR procedure. 

	Agreements:

Support  RRC configuration of a time  duration for a time window  and a dedicated CORESET for a UE to monitor gNB response for beam failure recovery request.


In RAN1 #92 meeting [3], an agreement is reached regarding to PDCCH candidates mapping rules.Considering both limit of number of blind decode and CCE number for channel estimation, detail of PDCCH candidates mapping rules needs further discussion, for example, how PDCCH candidates mapping rule works during BFR procedure. We think PDCCH candidates mapping rule shall take into account BFR-CORESET/BFR-search space during BFR procedure. In addition, during BFR procedure, it’s necessary for UE to monitor BFR-CORESET/BFR-search space for a PDCCH scrambled by C-RNTI i.e. gNB response. Hence, in our view, PDCCH with gNB response shall be prioritized in PDCCH candidates mapping rule. Accordingly, we propose two possible alternatives for prioritizing BFR-CORESET/BFR-search space in PDCCH mapping rule. First alternative is that gNB configures BFR-CORESET/BFR-search space such that it has highest priority in PDCCH mapping rule. Second alternative is that gNB configures a common search space as BFR-search space which has highest priority in PDCCH mapping rule. 
Proposal 1: PDCCH candidates mapping rule shall take into account BFR-CORESET/BFR-search space during BFR procedure.

Proposal 2: Two alternatives are proposed to prioritize PDCCH candidates mapping rule for BFR-CORESET/BFR-search space.

· Alt1. gNB configures BFR-CORESET/BFR-search space such that it has highest priority in PDCCH mapping rule.
· Alt2. gNB configures a common search space as BFR-search space which has highest priority in PDCCH mapping rule.
Issue 2: 
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 used for hashing function of UE-specific search space
Currently derivation of UE-specific search space is based on hashing function in 38.213[5]:

For a search space set 
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 associated with control resource set 
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 for a serving cell corresponding to carrier indicator field value 
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where

for any common search space, 
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for a UE-specific search space, 
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for a UE-specific search space, 
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 values for a CCE aggregation level 
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 of search space set 
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the RNTI value used for 
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 is defined in [5, TS 38.212] and in [6, TS 38.214].
However, it seems that which RNTI is used as the input to the hashing function, 
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, is  neither defined in 38.212 nor in 38.214.

Note that so far there is no explicit agreement to address the RNTI value used to derive UE-specific search space. The following agreement from RAN1#90bis could be interpreted as implicitly indicating the RNTI value to be used [2]:

Agreements:

· Take the same hash function of LTE EPDCCH as the hash functuion for NR-PDCCH

· Further refinements can be further considered till next meeting if necessary

Note that in LTE, both C-RNTI and TC-RNTI could be 
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. However, given TC-RNTI is only monitor in common search space in NR, the only available candidate for 
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 is C-RNTI. Following LTE’s way of capturing value for 
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,  it could be captured in time domain resource allocation table, i.e. Table 5.1.2.1.1-1 and Table 6.1.2.1.1-1 in 38.214. Alternatively, given only C-RNTI could be adopted as 
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,  it could directly be done in TS 38.213 as well.

Proposal 3: Adopt on of the following two TPs to capture RNTI value for 
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TP1 for TS38.214 section 5.1.2.1.1and section 6.1.2.1.1:
Table 5.1.2.1.1-1: Applicable PDSCH time domain resource allocation

	RNTI
	PDCCH search space
	SS/PBCH block and CORESET multiplexing pattern
	pdsch-ConfigCommon includes pdsch-AllocationList
	pdsch-Config includes pdsch-AllocationList
	PDSCH time domain resource allocation to apply

	SI-RNTI


	Type0 common
	1
	-
	-
	Default A for normal CP

	
	
	2
	-
	-
	Default B

	
	
	3
	-
	-
	Default C

	
	Type0A common
	
	
	
	

	
	
	
	
	
	

	RA-RNTI, TC-RNTI, 
	Type1 common
	1, 2, 3
	No
	-
	Default A

	
	
	1, 2, 3
	Yes
	-
	pdsch-AllocationList provided in pdschConfigCommon

	P-RNTI
	Type2 common
	
	
	
	

	
	
	
	
	
	

	C-RNTI, CS-RNTI
	Any common search space associated with CORESET#0
	1, 2, 3
	No
	-
	Default A

	
	
	1, 2, 3
	Yes
	-
	pdsch-AllocationList provided in pdschConfigCommon

	
	
	
	
	
	

	C-RNTI, CS-RNTI
	Any common search space not associated with CORESET#0

UE specific search space by C-RNTI
	1,2,3
	No
	No
	Default A

	
	
	1,2,3
	Yes
	No
	pdsch-AllocationList provided in pdsch-ConfigCommon 

	
	
	1,2,3
	No/Yes
	Yes
	pdsch-AllocationList provided in pdsch-Config


<unchanged part omitted>
Table 6.1.2.1.1-1: Applicable PUSCH time domain resource allocation

	RNTI
	PDCCH search space
	pusch-ConfigCommon includes pusch-AllocationList
	pusch-Config includes pusch-AllocationList
	PUSCH time domain resource allocation to apply

	PUSCH scheduled by MAC RAR as described in subclause 8.2 of [6, TS 38.213]
	No
	-
	Default A

	
	Yes
	
	pusch-AllocationList provided in pusch-ConfigCommon

	C-RNTI, TC-RNTI
	Any common search space associated with CORESET 0
	No
	-
	Default A

	
	
	Yes
	
	pusch-AllocationList provided in pusch-ConfigCommon

	C-RNTI, CS-RNTI
	Any common search space not associated with CORESET 0,

UE specific search space by C-RNTI
	No
	No
	Default A

	
	
	Yes
	No
	pusch-AllocationList provided in pusch-ConfigCommon 

	
	
	No/Yes
	Yes
	pusch-AllocationList provided in pusch-Config


TP2 for TS 38.213 section 10.1:

the RNTI value used for 
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 is C-RNTI.

3. GC-PDCCH
Issue 1: SFI for paired spectrum and SUL
According to current RRC and PHY specification [1] [5], a UE could be configured with a UE-specific SFI table. An entry in the UE-specific SFI table could indicate a slot format combination. A slot format combination could indicate one or more than slot format value, which each slot format value indicates slot format of a slot based on a reference subcarrier spacing (SCS). In other word, a network could have flexibility to configure slot format of different number of slots for each entry of the UE-specific SFI table. When it comes a monitoring occasion for a DCI format 2_0, DCI format 2_0 could indicate a slot format combination to the UE.

For paired spectrum SFI indication or SFI indication for SUL, similar mechanism could work with some modification. A UE receiving a DCI format 2_0 indicating a slot format combination shall interpret the slot format combination based on [5]. That is, the UE shall interpret for each [image: image33.wmf]1
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 slot format values for slot format of a reference DL BWP and a reference UL BWP. However, if the slot format combination does not comprise an integer multiple number of [image: image34.wmf]1
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, an ambiguity may occur. How UE interprets the slot format combination indicated by DCI format 2_0 shall be further studied.

To solve the ambiguity, we provide the following alternatives. The first alternative is UE assumes padding one or more than one slot format value until slot format value(s) number in the slot format combination could be divided by  [image: image36.wmf]1
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. In addition, UE may assume slot format of slot(s) covered by the padding slot format value is not indicated by the slot format combination. The second alternative is UE assumes padding one or more than one slot format value 255 until slot format value(s) number in the slot format combination could be divided by [image: image38.wmf]1
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. The third alternative is left as gNB implementation, that gNB shall take into account slot format when gNB configures or indicate a slot format combination to UE and UE is not expected to receive a slot format combination comprising number of slot format value(s) not divided by [image: image40.wmf]1
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In our view, we prefer the third alternative. Since the third alternative is simpler to be implemented in SPEC.

Proposal 4: Three alternatives are proposed to solve the ambiguity.

· Alt1. UE assumes padding one or more than one slot format value until slot format value(s) number in the slot format combination could be divided by  [image: image42.wmf]1
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· UE may assume slot format of slot(s) covered by the padding slot format value is not indicated by the slot format combination.

· Alt2. UE assumes padding one or more than one slot format value 255 until slot format value(s) number in the slot format combination could be divided by [image: image44.wmf]1
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· Alt3. UE is not expected to receive a slot format combination comprising number of slot format value(s) not divided by [image: image46.wmf]1
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Proposal 5: Adopt on of the following TP to capture Alt3:
	38.213

For paired spectrum operation for a UE on a serving cell, the SFI-index field in DCI format 2_0 indicates a combination of slot formats that includes a combination of slot formats for a reference DL BWP and a combination of slot formats for a reference UL BWP of the serving cell. The UE is provided by higher layer parameter subcarrierSpacing a reference subcarrier spacing configuration of 
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 for the combination of slot formats indicated by the SFI-index field value in DCI format 2_0 for the reference DL BWP of the serving cell. The UE is provided by higher layer parameter subcarrierSpacing2 a reference subcarrier spacing configuration of 
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 for the combination of slot formats indicated by the SFI-index field value in DCI format 2_0 for the reference UL BWP of the serving cell. If 
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 and for each 
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 values provided by a value of higher layer parameter slotFormats, where the value of slotFormats is determined by a value of slotFormatCombinationId in slotFormatCombination and the value of slotFormatCombinationId is set by the value of the SFI-index field value in DCI format 2_0, the first 
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 values for the combination of slot formats are applicable to the reference DL BWP and the next value is applicable to the reference UL BWP. If 
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 and for each 
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 values provided by higher layer parameter slotFormats, the first value for the combination of slot formats is applicable to the reference DL BWP and the next 
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The UE does not expect to receive a slot format combination comprising number of slot format value(s) not divided by [image: image56.wmf]1
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Issue 2: SFI application after BWP switching
It was agreed in meeting RAN1#92b that SFI received before BWP switching is applicable in new active BWP. [4]

Agreement:

· After active BWP switching, the SFI received before the BWP switching is still applicable to the new active BWP after switching.

However, based on current RRC configuration [1], it may incur some ambiguous cases for UE to apply SFI received before BWP switching. It can be illustrated in figure 1. If UE is configured with a monitoring occasion for receiving DCI format 2_0 on 6th slot of 60kHz BWP and switches active BWP to 15kHz BWP, how UE applies SFI before BWP switching needs further discussed. Since the monitoring occasion in 60kHz BWP is not aligned with beginning of 15kHz slot, it’s ambiguous for UE to determine slot format of 3rd of 15kHz BWP (i.e. either {B} or {C}). 
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Figure 1
Observation 1: If monitoring occasion for receiving DCI format 2_0 in original BWP is not aligned with beginning of slot of new active BWP, it’s ambiguous for UE to use SFI received before BWP switching.
Observation 2: When start time to applying SFI received before BWP switching does not match beginning of a slot in new active BWP, whether UE can apply the SFI on new active BWP or not? 

There are some options for handling this issue. Option 1 is to restrict the application of SFI received before BWP switching. When the slot boundary of SFI received before BWP switching does not match slot boundary of new active BWP, UE shall not apply the SFI on new active BWP. Option 2 is to prevent UE received a SFI that its slot boundary does not match slot boundary of any configured BWP. gNB shall set DCI format 2_0 monitoring occasions on the slot boundary of all configured BWPs of UE. Since option 2 may restrict configuration of monitoring periodicity, option 1 is preferable.
Proposal 6: Suggest to down-select one of following options to solving ambiguity in observation 1.

· Option 1: UE does not apply SFI received before BWP switching on new active BWP if start time to applying SFI received before BWP switching does not match beginning of a slot in new active BWP.

· Option 2: gNB shall set the DCI format 2_0 monitoring occasions on the slot boundary of all configured BWPs of UE.

Issue 3: Multiple SFI on same slot

It was agreed that slot format(s) indicated by DCI format 2_0 may be longer than the monitoring period and UE does not expect mutiple SFIs indicate different slot format for overlapping slots. In some cases, it is hard for gNB to configure same slot format for overlapping slots, as figure 3. The active BWP is 30kHZ SCS and refenence SCS of SFI is 15kHz. DCI format 2_0 monitoring period is 5 slots. If the last SFI of first DCI format 2_0 indicate slot format as “DDDDDDDDDDDXXX”, slot format of 7th slot in this figure is “DDDDDDDDXXXXXX”. However, in current SFI table, there is no SFI could indicate the same slot format in second DCI format 2_0. In this example, it’s impossible for gNB to choose a SFI in the second DCI format 2_0 to indicate 7th slot as “DDDDDDDDXXXXXX” since there is no SFI indicating first 7 symbols as “DDDDXXX”. If a different slot format is indicated in second DCI format 2_0, UE’s behaviour is unclear.

[image: image59]
Figure 2: Case that mutiple SFIs cannot indicate same slot format in same slots
Observation 3: For a slot indicated by multiple DCI format 2_0, it may incur that NW can not find a SFI index in latter DCI format 2_0 to indicate a same slot format indicated by previous DCI format 2_0 based on current SFI table. 

One option is to expand SFI table with new entries. Added entries shall satisfy that each entry can find another entry such that direction of symbol 0~6 of one entry is the same as symbol 7~13 of another entry. gNB can configure same slot format in mutiple SFIs.

gNB  may configure the a SFI index in the second DCI format 2_0 in that when UE receives the SFI, UE interpret the SFI index by cyclically shift the slot format to match both SFI indicated slot format. In figure 3, gNB  can configure slot format “AAAAAAADDDDXXX” by first SFI in second DCI format 2_0. Symbol direction A here represent it could be D or U or X. UE then cyclically shift it as “DDDDXXXAAAAAAA” to match slot format by first DCI format 2_0. Consequently, the slot format in 7th slot is “DDDDDDDDXXXXXX” which is the same as indicated by SFI in first DCI format 2_0. Slot format in 8th slot is “AAAAAAAAAAAAAA” after shifting.

Another option is UE may truncate some symbols of slot format indicated by SFI in second DCI format 2_0. In figure 3, gNB can configure slot format “AAAAAAADDDDXXX” by first SFI in second DCI format 2_0. Symbol direction A here represent it could be D or U or X. UE then truncate it as “DDDDXXX” to match slot format by first DCI format 2_0. Consequently, the slot format in 7th slot is “DDDDDDDDXXXXXX” which is the same as indicated by SFI in first DCI format 2_0. Then slot format in 8th slot be indicated by second SFI index in second format DCI format 2_0.
Proposal 7: Suggest to down-select follow one of following options to solving issue in observation 2.
· Option A: Expand SFI table to satisfy that each entry can find another entry such that direction of symbol 0~6 of one entry is the same as symbol 7~13 of another entry.

· Option B-1: UE may cyclically shift slot format indicated by later received DCI foramt 2_0 to match the slot format indicated by earlier received DCI foramt 2_0.
· Option B-2: UE may truncate slot format indicated by later received DCI foramt 2_0 to match the slot format indicated by earlier received DCI foramt 2_0.

4. Conclusion

In this contribution, we propose the following:
Proposal 1: PDCCH candidates mapping rule shall take into account BFR-CORESET/BFR-search space during BFR procedure.
Proposal 2: Two alternatives are proposed to prioritize PDCCH candidates mapping rule for BFR-CORESET/BFR-search space.

· Alt1. gNB configures BFR-CORESET/BFR-search space such that it has highest priority in PDCCH mapping rule.
· Alt2. gNB configures a common search space as BFR-search space which has highest priority in PDCCH mapping rule.
Proposal 3: Adopt on of the following two TPs to capture RNTI value for 
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TP1 for TS38.214 section 5.1.2.1.1and section 6.1.2.1.1:

Table 5.1.2.1.1-1: Applicable PDSCH time domain resource allocation

	RNTI
	PDCCH search space
	SS/PBCH block and CORESET multiplexing pattern
	pdsch-ConfigCommon includes pdsch-AllocationList
	pdsch-Config includes pdsch-AllocationList
	PDSCH time domain resource allocation to apply

	SI-RNTI


	Type0 common
	1
	-
	-
	Default A for normal CP

	
	
	2
	-
	-
	Default B

	
	
	3
	-
	-
	Default C

	
	Type0A common
	
	
	
	

	
	
	
	
	
	

	RA-RNTI, TC-RNTI, 
	Type1 common
	1, 2, 3
	No
	-
	Default A

	
	
	1, 2, 3
	Yes
	-
	pdsch-AllocationList provided in pdschConfigCommon

	P-RNTI
	Type2 common
	
	
	
	

	
	
	
	
	
	

	C-RNTI, CS-RNTI
	Any common search space associated with CORESET#0
	1, 2, 3
	No
	-
	Default A

	
	
	1, 2, 3
	Yes
	-
	pdsch-AllocationList provided in pdschConfigCommon

	
	
	
	
	
	

	C-RNTI, CS-RNTI
	Any common search space not associated with CORESET#0

UE specific search space by C-RNTI
	1,2,3
	No
	No
	Default A

	
	
	1,2,3
	Yes
	No
	pdsch-AllocationList provided in pdsch-ConfigCommon 

	
	
	1,2,3
	No/Yes
	Yes
	pdsch-AllocationList provided in pdsch-Config


<unchanged part omitted>
Table 6.1.2.1.1-1: Applicable PUSCH time domain resource allocation

	RNTI
	PDCCH search space
	pusch-ConfigCommon includes pusch-AllocationList
	pusch-Config includes pusch-AllocationList
	PUSCH time domain resource allocation to apply

	PUSCH scheduled by MAC RAR as described in subclause 8.2 of [6, TS 38.213]
	No
	-
	Default A

	
	Yes
	
	pusch-AllocationList provided in pusch-ConfigCommon

	C-RNTI, TC-RNTI
	Any common search space associated with CORESET 0
	No
	-
	Default A

	
	
	Yes
	
	pusch-AllocationList provided in pusch-ConfigCommon

	C-RNTI, CS-RNTI
	Any common search space not associated with CORESET 0,

UE specific search space by C-RNTI
	No
	No
	Default A

	
	
	Yes
	No
	pusch-AllocationList provided in pusch-ConfigCommon 

	
	
	No/Yes
	Yes
	pusch-AllocationList provided in pusch-Config


TP2 for TS 38.213 section 10.1:
the RNTI value used for 
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 is C-RNTI.
Proposal 4: Three alternatives are proposed to solve the ambiguity.

· Alt1. UE assumes padding one or more than one slot format value until slot format value(s) number in the slot format combination could be divided by  [image: image62.wmf]1
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· UE may assume slot format of slot(s) covered by the padding slot format value is not indicated by the slot format combination.

· Alt2. UE assumes padding one or more than one slot format value 255 until slot format value(s) number in the slot format combination could be divided by [image: image64.wmf]1
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· Alt3. UE is not expected to receive a slot format combination comprising number of slot format value(s) not divided by [image: image66.wmf]1
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· Proposal 5: Adopt on of the following TP to capture Alt3:
	38.213

For paired spectrum operation for a UE on a serving cell, the SFI-index field in DCI format 2_0 indicates a combination of slot formats that includes a combination of slot formats for a reference DL BWP and a combination of slot formats for a reference UL BWP of the serving cell. The UE is provided by higher layer parameter subcarrierSpacing a reference subcarrier spacing configuration of 
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 for the combination of slot formats indicated by the SFI-index field value in DCI format 2_0 for the reference DL BWP of the serving cell. The UE is provided by higher layer parameter subcarrierSpacing2 a reference subcarrier spacing configuration of 
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 for the combination of slot formats indicated by the SFI-index field value in DCI format 2_0 for the reference UL BWP of the serving cell. If 
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 values provided by a value of higher layer parameter slotFormats, where the value of slotFormats is determined by a value of slotFormatCombinationId in slotFormatCombination and the value of slotFormatCombinationId is set by the value of the SFI-index field value in DCI format 2_0, the first 
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 values for the combination of slot formats are applicable to the reference DL BWP and the next value is applicable to the reference UL BWP. If 
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 values provided by higher layer parameter slotFormats, the first value for the combination of slot formats is applicable to the reference DL BWP and the next 
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The UE does not expect to receive a slot format combination comprising number of slot format value(s) not divided by [image: image76.wmf]1
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Observation 1: If monitoring occasion for receiving DCI format 2_0 in original BWP is not aligned with beginning of slot of new active BWP, it’s ambiguous for UE to use SFI received before BWP switching.

Observation 2: When start time to applying SFI received before BWP switching does not match beginning of a slot in new active BWP, whether UE can apply the SFI on new active BWP or not?

Proposal 6: Suggest to down-select one of following options to solving ambiguity in observation 1.

· Option 1: UE does not apply SFI received before BWP switching on new active BWP if start time to applying SFI received before BWP switching does not match beginning of a slot in new active BWP. 
· Option 2: gNB shall set the DCI format 2_0 monitoring occasions on the slot boundary of all configured BWPs of UE. 
Observation 3: For a slot indicated by multipl DCI format 2_0, it may incur that NW can not find a SFI index in latter DCI format 2_0 to indicate a same slot format indicated by previous DCI format 2_0 based on current SFI table. 

Proposal 7: Suggest to down-select follow one of following options to solving issue in observation 3.

-
Option A: Expand SFI table to satisfy that each entry can find another entry such that direction of symbol 0~6 of one entry is the same as symbol 7~13 of another entry.

-
Option B-1: UE cyclically shift slot format indicated by later received DCI format 2_0 to match the slot format indicated by earlier received DCI format 2_0.

-
Option B-2: UE truncate slot format indicated by later received DCI format 2_0 to match the slot format indicated by earlier received DCI format 2_0. 
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