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1. Introduction
In this contribution, remaining details on following aspects are discussed.
· CORESET/search space and the interaction with BWP configuration
· PDCCH blind decodings
· Other remaining issues

2. CORESET/search space and the interaction with BWP configuration
2.1	CORESET configuration
As for CORESET configuration, following agreements have been made:
	Agreements:
· Confirm the WA ‘Re-use NR DL RA Type 0 basis in units of 6 RBs, where no restriction on the maximum number of segments for a given CORESET’ with the following clarifications:
· This is for the case when the CORESET is configured by at least UE-specific RRC signalling. 
· FFS the RB indexing for resource allocation especially considering interaction with DL BWP
· Details of resource allocation should take into account the interaction with DL BWP – FFS details

Agreements:
· By PBCH, a UE obtains at least one CORESET configuration at least for PDCCH scheduling RMSI associated with a given SS block.
· The set of aggregation levels and candidates per aggregation level for PDCCH scheduling RMSI is specified in the specification.
· FFS the indication of the support of aggregation level 16 in the cell
· FFS: Set of search spaces for OSI, random access, and paging.
· By RMSI, the UE can be configured with at least one CORESET configuration at least for PDCCH for random access.
· If not configured by RMSI, the CORESET configuration(s) for random access is/are the one(s) configured by PBCH.
· FFS: whether the CORESET configuration can be configured outside of the initial active DL BWP.
· By UE-specific RRC signalling, the UE can be configured with one or more CORESET configuration(s) at least for PDCCH scheduling UE-specific data.
· Each CORESET configuration is associated with one or more sets of search spaces.
· Note: each set of search spaces is associated with one CORESET configuration.




For CORESET resource allocation, it is still FFS how exactly RBs are indexed to allocate CORESET resource, except for the CORESET for PDCCH scheduling RMSI (a.k.a RMSI CORESET), which is tied with (or is equivalent to) the initial active DL BWP. For PDCCH for random access, it was agreed that a CORESET can be configured by RMSI. If this CORESET is required to be within the initial active DL BWP, the resource allocation for the CORESET configured by RMSI is too restrictive. Therefore, the CORESET configured by RMSI should be able to be outside of the initial active DL BWP. The DL BWP for CORESET configured by RMSI should also be configured by RMSI.
Each CORESET should be associated with a DL BWP. For a given CORESET associated with a certain DL BWP, for CORESET resource allocation, it is natural to consider that RB indexing is per DL BWP associated with the CORESET. Whether to ensure CORESET resource alignment among different DL BWPs is up to gNB.
Proposal 1:
· Each CORESET is associated with a DL BWP.
· Multiple CORESETs can be associated with a DL BWP.
· CORESET configuration at least for PDCCH for random access is configurable outside of the initial active DL BWP.
· RMSI can configure DL BWP for CORESET configuration for PDCCH for random access.
· For a CORESET configured by RMSI, RB indexing for CORESET resource allocation is per DL BWP configured by RMSI.
· For a CORESET configured by UE-specific RRC signaling, RB indexing for CORESET resource allocation is per DL BWP associated with the CORESET.

2.2	Search space configuration
Following agreements have been made:
	Agreements:
· The value(s) of TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, and/or TPC-SRS-RNTI, are provided by RRC signaling.
· The association between at least each of the following RNTIs and a DCI format is specified in the specification.
· C-RNTI, TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, TPC-SRS-RNTI, INT-RNTI, SFI-RNTI. FFS: other RNTI(s).
· The value of C-RNTI is obtained as part of random access procedure.
· The association between a DCI format and a type of search space (UE-common search space and UE-specific search space) is specified in the specification.
· UE-common search space contains a DCI format of C-RNTI, RNTI(s) for SPS/grant-free, TPC-PUSCH-RNTI, TPC-PUCCH,RNTI, TPC-SRS-RNTI, and INT-RNTI.
· UE-specific search space contains a DCI format of C-RNTI and RNTI(s) for SPS/grant-free.

Agreements:
· 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:
· By PBCH, a UE obtains at least one CORESET configuration at least for PDCCH scheduling RMSI associated with a given SS block.
· The set of aggregation levels and candidates per aggregation level for PDCCH scheduling RMSI is specified in the specification.
· FFS the indication of the support of aggregation level 16 in the cell
· FFS: Set of search spaces for OSI, random access, and paging.
· By RMSI, the UE can be configured with at least one CORESET configuration at least for PDCCH for random access.
· If not configured by RMSI, the CORESET configuration(s) for random access is/are the one(s) configured by PBCH.
· FFS: whether the CORESET configuration can be configured outside of the initial active DL BWP.
· By UE-specific RRC signalling, the UE can be configured with one or more CORESET configuration(s) at least for PDCCH scheduling UE-specific data.
· Each CORESET configuration is associated with one or more sets of search spaces.
· Note: each set of search spaces is associated with one CORESET configuration.




The remaining issues are the details of UE-common search space and UE-specific search space. Following is our view:
· Each CORESET configuration is associated with up to two sets of search spaces, and each set of search spaces is classified to either UE-common search space or UE-specific search space. 
· As for UE-common search space, one or more sets of search spaces associated with one or more CORESETs are monitored.
· As for UE-specific search space, one or more sets of search spaces associated with one or more CORESETs are monitored.
Following Fig. 1 shows an image. Note that the number of sets of search spaces is not necessarily the same between UE-common search space and UE-specific search space.

[image: ]
Fig. l	Example of CORESET/search space configuration.

It is not yet clear how UE identifies DCI formats in the UE-common search space. Following agreements have been made in BWP session:
	Agreements:
· In Pcell, for a UE, common search space for at least RACH procedure can be configured in each BWP
· FFS whether or not there are any additional UE behavior that needs to be specified
· In a serving cell, for a UE, common search space for group-common PDCCH (e.g. SFI, pre-emption indication, etc.) can be configured in each BWP



Above implies that the UE-common search space for at least random access can be configured with DL BWPs by UE-specific RRC signaling. In such case, follow-up question is how UE monitors DCI formats associated with C-RNTI, RNTI(s) for SPS/grant-free, TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, TPC-SRS-RNTI, and INT-RNTI, in the UE-common search space. More specifically, whether they can be associated with the CORESET configured by UE-specific RRC signaling or are associated with the CORESET configured by UE-common RRC signaling (i.e., PBCH or RMSI). Considering that PDCCH for SPS/grant-free, PDCCH for group-TPC command, and PDCCH for pre-emption indication, are monitored only after RRC connection establishment, and ambiguity due to RRC reconfiguration would not cause serious problem, they can be mapped on the UE-common search space associated with the CORESET configured by UE-specific RRC signaling. 
On the other hand, it is unclear whether PDCCH for fallback, PDCCH for Paging, and PDCCH for scheduling RMSI, can be mapped on the UE-common search space associated with the CORESET configured by UE-specific RRC signaling. Following are our initial thoughts:
· For PDCCH for fallback, if the associated CORESET is configurable by UE-specific RRC signaling, the UE cannot monitor the PDCCH for fallback during RRC reconfiguration period, which breaks the principle of the fallback. Besides, if the resource/configuration of fallback DCI is UE-specifically RRC configurable, the payload/fields of the fallback DCI is no longer needed to be fixed. On the other hand, flexible operation/configuration is covered by non-fallback DCI in the UE-specific search space, and hence, we do not see the need to change the concept of fallback DCI as such. In order to ensure the fallback DCI monitoring in the UE-common search space, fallback DCI should be associated with the CORESET configured by PBCH or RMSI.
· PDCCH for Paging should be monitored even during RRC idle state. Besides, in case of RRC idle, gNB does not know which serving cell the UE selects; hence, PDCCH for Paging should be sent in UE-common search space which is associated with CORESET configured by PBCH/RMSI; otherwise, duplicated transmission of PDCCH for Paging is needed. 
· PDCCH for scheduling RMSI is monitored when the UE initially access or when SI update is informed by Paging message; after RRC configuration it is not monitored unless specifically indicated. Therefore, there is no need to monitor the PDCCH for scheduling RMSI in the UE-common search space associated with the CORESET configured by UE-specific RRC signalling.
Above is true for the case where single BWP is configured or no BWP switching is applied. The impact of multiple BWP configurations and BWP switching should be considered; see [1].
Proposal 2:
· Each CORESET configuration is associated with up to two sets of search spaces, and each set of search spaces is part of either UE-common search space or UE-specific search space. 
· As for UE-common search space, one or more sets of search spaces associated with one or more CORESETs are monitored.
· As for UE-specific search space, one or more sets of search spaces associated with one or more CORESETS are monitored.
· DCI formats associated with RNTI(s) for SPS/grant-free, TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, TPC-SRS-RNTI, INT-RNTI, can be configured to be mapped on UE-common search space associated with CORESET configured by UE-specific RRC signaling. 
· DCI format for fallback operation, Paging, and for scheduling RMSI, should be configured to be mapped on UE-common search space associated with CORESET configured by PBCH/RMSI. 
· FFS: for the case where multiple DL BWPs are configured and BWP switching is performed.

3. PDCCH blind decodes
After the RAN1#90bis meeting, following agreements have been made during email discussion:
	Agreements
· PDCCH candidates having different DCI payload sizes count as separate blind decodes
· PDCCH candidates comprised by different sets of CCE(s) count as separate blind decodes.
· PDCCH candidates in different CORESETs count as separate blind decodes.
· PDCCH candidates having the same DCI payload size and comprised by the same set of CCE(s) in the same CORESET count as one blind decodes.

Agreements:
· For non-CA and for PDCCH monitoring periodicity of 14 or more symbols, the maximum number of PDCCH blind decodes per slot is:
· Working assumption: 44 for SCS = 15kHz.
· Working assumption: less than 44 at least for SCS = 60kHz and 120kHz.
· For the given SCS, all UEs support the maximum number of PDCCH blind decodes per slot.
· Companies are encouraged to complete the following table.
· Aiming to finalize this at RAN1#91.

	No. of PDCCH BDs per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Periodicity of 14 or more symbols
	44
	[22-44]
	[11-44]
	[6-44]

	Periodicity of less than 14 symbols
	[44-86]
	[22-86]
	[11-44]
	[6-44]



Agreements:
· Companies are encouraged to provide the views on the following aspects:
· Whether to specify upper limit of channel estimations a UE can perform for PDCCH;
· If yes, how channel estimation is defined (e.g., per CCE or per REG bundle, whether common counting principle between narrowband RS and wideband RS), and;
· What is the exact value of the upper limit of channel estimation a UE can perform for PDCCH.

	No. of CCEs that the UE can perform channel estimation per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Periodicity of 14 or more symbols
	[48-74]
	
	
	

	Periodicity of less than 14 symbols
	
	
	
	



Agreements:
· For CA with up to N CCs, maximum number of PDCCH blind decodes per slot for a UE depends on the number of configured CCs.
· All UEs supporting CA with the same set of CCs supports the same maximum number of PDCCH blind decodes.
· No explicit UE capability signaling to inform the maximum number of PDCCH blind decodes is reported.
· For CA with more than N CCs, maximum number of PDCCH blind decodes for a UE depends on the explicit UE capability.
· All UEs supporting CA with the same set of CCs supports at least the same number of PDCCH blind decodes.
· FFS: the value of N (no more than 8)

Agreements:
· For each SCS, whether or not separate UE capabilities for PDCCH monitoring periodicities are needed is concluded at RAN1#91.

	
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Need of separate UE capabilities for (i) PDCCH monitoring of 14 or more symbols and (ii) PDCCH monitoring of less than 14 symbols
	Y/N
	Y/N
	Y/N
	Y/N






3.1	Number of PDCCH blind decodes per slot per carrier
There are highly diverged views on the number of PDCCH BDs per carrier among companies so far. Our views are following:
· For PDCCH monitoring periodicity of 14 or more symbols:
· For SCS = 15kHz, it is important to keep the same number as in LTE.
· For SCS = 30kHz, it is quite beneficial to keep the same number as in SCS = 15kHz, so that SCS = 30kHz could be an attractive major usage of NR for sub-6GHz operation.
· For SCS = 60/120kHz, two UE capabilities are defined.
· One is the same number of PDCCH blind decodes as in SCS = 15/30kHz.
· This is mainly for URLLC in sub-6GHz operation.
· One is smaller number of PDCCH blind decodes as in SCS = 15/30kHz.
· This is mainly for mmwave operation in above-6GHz operation.
· For PDCCH monitoring periodicity of less than 14 symbols:
· For SCS = 15/30kHz, two UE capabilities are defined.
· One is the same number of PDCCH blind decodes as in the case of PDCCH monitoring periodicity of 14 or more symbols.
· This is mainly for LTE-NR co-existence, some URLLC UEs, etc.
· One is higher number of PDCCH blind decodes as in the case of PDCCH monitoring periodicity of 14 or more symbols.
· This is mainly for eMBB + URLLC, dynamic operation of slot + mini-slot, etc.
· For SCS = 60/120kHz, two UE capabilities are defined.
· Same as for the case of PDCCH monitoring periodicity of 14 or more symbols.
Proposal 3:
· Support following table.
· Note: “X or Y” means to introduce UE capability signaling to inform which one is capable.
	No. of PDCCH BDs per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Periodicity of 14 or more symbols
	44
	44
	44 or 22
	44 or 22

	Periodicity of less than 14 symbols
	[86] or 44
	[86] or 44
	44 or 22
	44 or 22



3.2	Limit of channel estimations per slot per carrier
During the email discussion [90b-NR-22], there was a proposal that the number of channel estimations should be limited. It is understandable that full flexible configuration only with the limitation on the max number of PDCCH blind decodes is not feasible. On the other hand, channel estimation unit depends on CORESET configuration – for wideband RS, it is per CORESET; for narrowband RS, basically it is per REG-bundle. As discussed on the email thread, having various channel estimation unit for this purpose is not desirable. Simplest way would be to limit the max number of CCEs per slot per carrier, assuming that any CCEs are not overlapped.
For this limitation, Table in the proposal 1 should be taken into account. In the proposal 1, the number 44 comes from the numbers of PDCCH BDs {6, 6, 2, 2} for ALs {1, 2, 4, 8} for UE-specific search space, and {4, 2} for ALs {4, 8} for UE-common search space. With this assumption, the number of CCEs can be 74. The number 86 comes from the number of PDCCH BDs 44 + 42 = 6 x 7, where 7 is the maximum number of PDCCH monitoring occasions per slot, and 6 is the number of PDCCH candidates when 7 PDCCH monitoring occasions per slot is configured. For the PDCCH monitoring occasions is per 2-symbol, if the number of CCEs per monitoring occasion is limited to 12, then the total number of CCEs per slot per carrier is calculated by 74 + 12 x 7 = 158.
Proposal 4:
· Support following table.
· Note: “X or Y” means to introduce UE capability signaling to inform which one is capable.
	No. of CCEs that the UE can perform channel estimation per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Periodicity of 14 or more symbols
	74
	74
	74 or 37
	74 or 37

	Periodicity of less than 14 symbols
	[158] or 74
	[158] or 74
	74 or 37
	75 or 37




4. Other remaining issues
4.1	Whether to support aggregation level 16
There is a big debate whether AL=8 is sufficient for eMBB coverage. On the other hand, it is already consensus that AL=16 would be necessary for the purpose of URLLC operation. Considering that URLLC will be supported anyway in Rel.15 after December, there is no reason not to support AL=16 for now. Rather, if AL=16 is not supported by Dec., UE-common search space will be defined with up to AL=8 and hence, the PDCCH in the common search space cannot satisfy the BLER target. Supporting additional common search space for URLLC after December does not make sense; therefore our slight preference is to support AL=16 in the December spec.
Proposal 5:
· Support PDCCH aggregation level 16.
· For PDCCH scheduling RMSI, PBCH enables/disables PDCCH candidate(s) with AL=16.
· For PDCCH for random access, RMSI enables/disables PDCCH candidate(s) with AL=16.
· For UE-specific PDCCH, RRC signaling can configure the number of PDCCH candidates with AL=16.


5. Conclusion
In this contribution, we discussed CORESET/search space aspects and proposed following:
Proposal 1:
· Each CORESET is associated with a DL BWP.
· Multiple CORESETs can be associated with a DL BWP.
· CORESET configuration at least for PDCCH for random access is configurable outside of the initial active DL BWP.
· RMSI can configure DL BWP for CORESET configuration for PDCCH for random access.
· For a CORESET configured by RMSI, RB indexing for CORESET resource allocation is per DL BWP configured by RMSI.
· For a CORESET configured by UE-specific RRC signaling, RB indexing for CORESET resource allocation is per DL BWP associated with the CORESET.
Proposal 2:
· Each CORESET configuration is associated with up to two sets of search spaces, and each set of search spaces is part of either UE-common search space or UE-specific search space. 
· As for UE-common search space, one or more sets of search spaces associated with one or more CORESETs are monitored.
· As for UE-specific search space, one or more sets of search spaces associated with one or more CORESETS are monitored.
· DCI formats associated with RNTI(s) for SPS/grant-free, TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, TPC-SRS-RNTI, INT-RNTI, can be configured to be mapped on UE-common search space associated with CORESET configured by UE-specific RRC signaling. 
· DCI format for fallback operation, Paging, and for scheduling RMSI, should be configured to be mapped on UE-common search space associated with CORESET configured by PBCH/RMSI. 
· FFS: for the case where multiple DL BWPs are configured and BWP switching is performed.
Proposal 3:
· Support following table.
· Note: “X or Y” means to introduce UE capability signaling to inform which one is capable.
	No. of PDCCH BDs per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Periodicity of 14 or more symbols
	44
	44
	44 or 22
	44 or 22

	Periodicity of less than 14 symbols
	[86] or 44
	[86] or 44
	44 or 22
	44 or 22


Proposal 4:
· Support following table.
· Note: “X or Y” means to introduce UE capability signaling to inform which one is capable.
	No. of CCEs that the UE can perform channel estimation per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Periodicity of 14 or more symbols
	74
	74
	74 or 37
	74 or 37

	Periodicity of less than 14 symbols
	[158] or 74
	[158] or 74
	74 or 37
	75 or 37


Proposal 5:
· Support PDCCH aggregation level 16.
· For PDCCH scheduling RMSI, PBCH enables/disables PDCCH candidate(s) with AL=16.
· For PDCCH for random access, RMSI enables/disables PDCCH candidate(s) with AL=16.
· For UE-specific PDCCH, RRC signaling can configure the number of PDCCH candidates with AL=16.
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Appendix B: Summary of email discussion [90b-NR-23]
[bookmark: _GoBack]This is the summary of email discussion on association among CORESET/search space/RNTI/DCI format size. The agreements made based on this email discussion are available in the Chairman’s note and hence not included in the attachment.



- 8/9 -
image2.emf
Email_disc_90b_NR_ 22_PDCCH_BDs.zip


Email_disc_90b_NR_22_PDCCH_BDs.zip


Email_disc_90b_NR_22_PDCCH_BDs.docx

[bookmark: OLE_LINK3]3GPP TSG RAN WG1 Meeting 90bis 			R1-17xxxxx


Prague, CZ, 9th – 13th, October 2017





Source:	NTT DOCOMO, INC.


[bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK21][bookmark: OLE_LINK22]Title:	Summary of email discussion [90b-NR-22]


[bookmark: Source]Agenda Item:	7.3.1.2


[bookmark: DocumentFor]Document for:	Discussion and Decision


1. Background


This document is to summarize email discussion [90b-NR-22] on the following aspect:


Email discussion/approval till 10/27 whether or not to introduced UE capability related to the max number of blind decodes interacting with time (per slot, periodicity of monitoring, etc.) and with frequency (e.g., # of carriers configured for a UE)  - Fred (DCM)





2. Definition of a PDCCH blind decoding


First of all, it is better to make sure that all of us has the common understanding on how to count the number of PDCCH blind decodes. Our understanding is following:


· One PDCCH blind decode is for a given DCI payload size on a particular set of CCE(s) in a given CORESET.


· Decoding different DCI payload sizes are counted separately.


· Decoding the same DCI payload size on (partially or fully) different sets of CCE(s) are counted separately.


· Decoding the same DCI payload size on the same set of CCE(s) in different CORESETs are counted separately.


· Decoding the same DCI payload size on the same set of CCE(s) in the same CORESET with different RNTIs are counted as “1” a single blind decode.


			Company


			View





			NTT DOCOMO


			Yes.





			MediaTek


			Yes.





			InterDigital


			Yes.





			CATT


			Similar understanding. For the third sub-bullet, isnt it sufficient to say that different PDCCH candidates in different CORESETs count as separate blind decodes? At least if two CORESETs are fully overlapped most likely the precoding assumptions (and channel estimation) would be different.





			vivo


			Agree with the above understanding





			OPPO


			Yes. 





			Panasonic


			Yes.





			LG


			Yes





			Huawei, HiSilicon


			Yes





			Nokia, NSB


			Yes, with the edit (in red)





			Intel


			Agree





			Ericsson


			Yes





			Qualcomm


			Yes. Also note that the same decoding candidate in different search space should be counted separately as well if the DMRS scrambling sequences are configured differently.





			Samsung


			Yes











3. For non-CA and slot-based scheduling


· If PDCCH monitoring occasion(s) is configured at the beginning of a slot;


· How the maximum number of blind decodes of the UEshould bedefined?


· Option 1: Per 1ms


· Option 2: Per slot


· Option 3: Per CORESET duration


· Option 4: Per each CORESET


· What is the maximum number of blind decodes,with the selected option above, that all Ues shall be capable of?


· Alt. 1: 44 (same as LTE)


· Alt. 2: less than 44 (how many?)


· Alt. 3: more than 44 (how many?)


· Whether the number of blind decodes depends on subcarrier spacing?


· If yes, how it should be different depending on the subcarrier spacing?


· Is it agreeable that the number of blind decodes for PDCCH scheduling RMSI is fixed by the spec?


· If yes, what number(s) for which aggregation level(s)?


			Company


			View





			NTT DOCOMO


			First of all, we believe that the number of PDCCH blind decodes per slot per carrier should be fixed, regardless of the SCS. Then, the number should be 44. In AI 7.3.3.2, UE processing time is evaluated, with the assumption that the number of PDCCH blind decodes per slot per carrier is 44. According to the agreement, the UE processing time depends on the SCS. Therefore, the relative increase of the processing delayof PDCCH decoding analyzed in AI 7.3.3.2for higher SCS is already taken into account in the processing delay increase represented by the number of symbols.Indeed, for higher SCS, the UE is able to handle the max TBS for one slot with shorter time duration compared to lower SCS. Similar to the data handling, UE should be able to perform the same number of PDCCH blind decodes per slot.


If the UE is configured with more than one CORESETs or one set of search spaces, the total number of PDCCH blind decodes are distributed over the CORESETs/sets of search spaces. 


For PDCCH scheduling RMSI, the number of PDCCH candidates should be fixed in the spec.





			MediaTek


			· How the maximum number of blind decodes of the UE should be defined?


Ans.: Option 1: Per 1ms. The benefit is the power consumption and hardware costis not so demanding for high SCS. If the maximum number of BD is 44 per slot for both 15kHz and 120kHz SCS. Then, for 15kHz SCS, the BD is completed at the beginning of a slot (e.g., the 3rdOFDM symbol), and the hardware for BD can take a rest. For 120kHz SCS, the BD is completed at alsmot the end of a slot, and the hardware for BD can never take a rest. Therefore, the power consumption for these 2 SCS is quite different. If we do not want they have large difference in power consumption, then hardware needs to be added. 


It is not preferable that UE hardware cost and power consumption highly depends on the SCS. If the spec is defined in such way (highly depends on the SCS), then the network deployment in choosing the numerology is not only based system performance but may also depend on consumers’ concern about UE’s cost and power consumption. 


If the maximum number of BD is defined per 1ms, the chances that a UE can be scheled within a time duration is the same for all SCS. 


· What is the maximum number of blind decodes, with the selected option above, that all Ues shall be capable of?


Ans.: Both Alt 1 and 2 are acceptable.


· Whether the number of blind decodes depends on subcarrier spacing?


Ans.: Yes. If the maximum number of BD is K for 15kHz SCS, then the maximum number of BD is roughly K/2n for SCS 15*2n kHz.


· Is it agreeable that the number of blind decodes for PDCCH scheduling RMSI is fixed by the spec?


Ans.: Yes. The number of PDCCH candidates is fixed in the spec for PDCCH scheduling RMSI.





			InterDigital


			We believe maximum number of blind decodes of the UE should be defined per slot similar to other related capabilities that are defined per slot such as the UE processing time capability, etc.


For the maximum number of blind decodes, the working assumption of 44 as the limit of blind decodes can be confirmed for the 15kHz baseline SCS. From the current baseline assumptions for the UE processing time, the assumed increase in the UE processing time is not proportional to SCS, therefore, for higher subcarrier spacings it might be needed to consider lower maximum number of blind decodes. However, this reduction of maximum number of blind decodes does not need to be inversely proportional to SCS. For example, the maximum number of blind decodes can be limited to 22 for subcarrier spacings of 60kHz and 120kHz.


For PDCCH scheduling RMSI, the maximum number of PDCCH candidates should be fixed in the spec. For the baseline SCS, the aggregation level(s) and the number of candidates per aggregation level can follow the LTE baseline (i.e., AL={4,8} and 2 candidates for each AL).








			CATT


			Similar understanding with DOCOMO that the UE processing time dimensioning in AI 7.3.3.2 considered 44 blind decodes per slot (albeit with 1-symbol CORESET) and already took into account SCS. Therefore, Option2 is appropriate based on the UE processing time agreements.


We agree that the number of PDCCH candidates for RMSI scheduling can be fixed by specification.





			Vivo


			For each carrier, there should be a upper limit on the number of PDCCH blind decodes in a given time duration, which can be defined in a per slot basis. 44 as in LTE can be considered as baseline. 


The number of PDCCH blind decodes per carrier per slot should be numerology dependent. The motivation can be explained as following examples. For a given carrier bandwidth (e.g. 40MHz), the PDSCH data rate for UE to handle in an absolute time duration (e.g. 1ms) is same regardless of the SCS, e.g. 15kHz and 60kHz. However, if the number of PDCCH blind decodes per slot is numerology independent, it would cause 4 times PDCCH blind decodes by 60KHz compared to 15KHz, in the same absolute time duration 1ms. Therefore if the number of PDCCH blind decodes per slot is regardless of SCS, UE will be automatically mandated to do much more PDCCH blind decodes in higher SCS case compared to lower SCS case for the same PDSCH data rate, which is not reasonable. 


Agree with DOCOMO on the following aspects.


· If the UE is configured with more than one CORESETs or one set of search spaces, the total number of PDCCH blind decodes are distributed over the CORESETs/sets of search spaces. 


· For PDCCH scheduling RMSI, the number of PDCCH candidates should be fixed in the spec.





			OPPO


			We also agree that the maximum number of blind decodes should be fixed within a fixed period, such as 1ms. And the maximal number of blind decodes should be numerology dependent. So our preference to the questions are as follows:


· How the maximum number of blind decodes of the Ueshould bedefined?


· Ans: option 1, per 1 ms


· What is the maximum number of blind decodes,with the selected option above, that all Ues shall be capable of?


· Ans: Alt. 1: 44 (same as LTE)


· Whether the number of blind decodes depends on subcarrier spacing?


· Yes. Maximal number of blind decode 44 per 1 for 15kHz SCS.


· Is it agreeable that the number of blind decodes for PDCCH scheduling RMSI is fixed by the spec?


· Yes.








			Panasonic


			On the maximum number of blind decodes, our view is per slot definition would be more proper definition. 


On the maximum number of blind decodes, our view is following depending on UE capability. 


- Ues to support PDCCH monitoring only at the beginning of a slot for slot scheduling: 44


- Ues to support PDCCH monitioring any configurable occastion of a slot for sub 6GHz including mini-slot: 44 + 5x4 = 64. 5x4 is coming from other than slot scheduling timing.


- Ues to support PDCCH monitioring any configurable occastion of a slot for above 6GHz including mini-slot: 44


On the relation to the subcarrier spacing, the number of BDs are related to the number of simultaneous scheduled Ues in a slot as it relates to blocking. The number of simultaneous Ues also related to the system bandwidth. To have many BD efforts in rather small number of PRBs are nnecessary. When 275 PRBs are supported, above numbers are applied per a slot. When less than around 50 PRBs, some reduction would be possible like half number of BDs.


On the relation to RMSI, the number of blind decodes for PDCCH for SI-RNTI depends on the maximum number of BDs supported in a cell. If the cell support aggregation level 16, aggregation level 16 is used. If the cell does not support aggregation level 16, aggregation level 8 is used. Which one is used is known by PBCH but jointly indicated with CORESET.





			LG


			In determining maximum number of blind decoding, if slot-based and non-slot-based scheduling is handled differently, we are fine to define maximum BD per slot. Given higher SCS may not have sufficient time to process the same number of BDs in a slot compared to lower SCS, some reduction for higher SCS could be considered.  


So our preference is to Option 2, Alt1 for below 6GHz, potentially Alt 2 for above 6GHz.  


For RMSI, we agree the number of BDs should be fixed in the spec. In fact, we think the same thing should be also applied to RAR/Msg4 as well. Generally, for any CSS handling, we assume that fixed number of BDs should be considered.





			Huawei, HiSilicon


			As to the maximum number of blind decodes of the UE, we prefer to define it per slot (i.e. option 2). UE should have the capability to handle the BDs in time to maintain the supported processing time.  The total number of blind decodes should be distributed over the CORESETs and/or the sets of search spaces in a slot. In addition, the maximum number of BDs for common search space and UE-specific search space would need to be defined also to save UE power consumption.


For slot-based scheduling, the maximum number of blind decodes per slot per carrier is 44 (Alt. 1). We think the value in LTE should be taken as the baseline. In the evaluations for UE processing time, 44 are assumed for slot-based scheduling. Similar as LTE, the maximum number of BDs for common search space should not exceed 12 and the maximum number of BDs for UE-specific search space should not exceed 32.    


At least for subcarrier spacing up to 120 kHz, we don’t see the need to define the number of blind decodes depending on subcarrier spacing. As described above, the maximum number of BDs should be defined per slot per carrier for slot-based scheduling. UE should be able to handle the BDs in time to maintain the supported processing time. For subcarrier spacing bigger than 120 kHz, the maximum number of blind decodes may depend on subcarrier spacing because the duration of a slot would be much shorter and the processing time for blind decoding may be longer than a slot. In this case, less number of BDs may be needed to leave enough time for data processing.    


For PDCCH scheduling RMSI, the maximum number of PDCCH candidates could be fixed in the spec. 





			Nokia, NSB


			Option 2, Alt1, scaling could be non-linear with SCS,  for example  [44, 34, 24, 14] for SCSs [15, 30, 60, 120] kHz. 


And yes, the size of CSS on a CORESET scheduling RMSI should be fixed by specification, 4xAL4 candidates and 2xAL8 could be the number. 





			Intel


			· How the maximum number of blind decodes of the UEshould bedefined?


From a specification perspective, the maximum number of BDs for the UE can be defined on a per-slot basis for easier applicability to the dimensioning of CORESETs and PDCCH monitoring candidates and occasions that are expected to be specified using slot/symbol-based framework. Specifically, even if the max number of BDs is defined per 1ms, the UE implementation needs to be dimensioned for a corresponding max number of BDs per slot. Same applies for the gNB scheduler.


However, this should not be a single number per slot, but rather the maximum number of BDs should scale appropriately with subcarrier spacing. As already elaborated by some companies, power consumption and too frequent (in absolute time) monitoring of large number of PDCCH candidates imply a significant over-design with the penalty of increased UE power consumption at high SCS values. The most expected use cases of high SCS being in mmWave bands make it very likely that the gNB may only have a few UEs in each beam/CORESET. Thus, an approximately scaled down version from the 15kHz number (e.g., <=44) to about 6 candidates per slot for 120kHz should suffice. Furthermore, user blocking performance should be already improved with an EPDCCH-like search space. 


Hence, although the max number of BDs should be defined per slot, the total number of BDs during a 1ms duration should be approximately constant across SCS values. 


We also agree that if the UE is configured with more than one CORESETs or one set of search spaces, the total number of PDCCH blind decodes are distributed over the CORESETs/sets of search spaces. 


· What is the maximum number of blind decodes,with the selected option above, that all Ues shall be capable of?


Prefer Alt 2 (e.g., = 32 for 15kHz), but could accept 44 considering majority view. However, this number should scale down for higher SCS as described above.


· Whether the number of blind decodes depends on subcarrier spacing?


Yes, as discussed above.


· Is it agreeable that the number of blind decodes for PDCCH scheduling RMSI is fixed by the spec?


· Yes. Nokia’s example can be a good starting point.





			Ericsson


			· How the maximum number of blind decodes of the UEshould be defined?


· Option 2: Per slot


· What is the maximum number of blind decodes,with the selected option above, that all Ues shall be capable of?


· Alt. 1: 44 (same as LTE) OR


· Alt. 3: more than 44 (60 BDs or more)


· Whether the number of blind decodes depends on subcarrier spacing?


· Would be preferable to keep the same number of BDs for all SCS. However, we are open to consider reducing blind decodes for increased sub-carrier spacings with a specific value chosen for each SCS rather than having a single rule, e.g., [44, 36, 24, 16] for [15, 30, 60, 120] kHz


· Is it agreeable that the number of blind decodes for PDCCH scheduling RMSI is fixed by the spec?


· Yes. Nokia’s proposal of four AL 4 candidates and 2 AL2 candidates seems fine.





			Qualcomm


			Now that we don’t have nested search space and EPDCCH style hashing function is introduced, we need to consider the channel estimation complexity/time and blind decoding time together as these two operations share the same time budget. A single parameter X is not enough to capture the effect. We need to introduce another parameter Y to capture the channel estimation limitation. We can define Y as the number of CCEs channel estimation needs to be performed in. For example, if the number of AL 8/4/2/1 decoding candidates are , , , and  respectively, Y should be defined as Y=. Note that overlapping of decoding candidates is not captured in the definition of Y as due to random hashing, the worst case will be no overlapping. As a result, we need to decide on a pair of numbers (X,Y) for non-CA and slot-based case.


For the exact numbers, we propose


· (X,Y)=(32,48) per slot for 15KHz or 30KHz SCS


· (X,Y)=(16,24) per slot for 60KHz or 120KHz SCS


For example, in LTE case, combining CSS and UESS, the 44 blind decodings translate to 74 CCEs. Due to higher channel estimation complexity (MMSE instead of FFT), 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. The gNB needs to actively reconfigure UEs to save on the channel estimation.


When SCS is larger, the processing capability cannot increase linearly as slot length shrinks. So we propose to half the X and Y for 60KHz and 120KHz





			Samsung


			Q1) We prefer Option 2 (per slot) for non-CA and slot-based case.


Q2) We prefer Alt 1 or Alt 3. In LTE, the maximum number of blind decodes is 60 (12 for CSS, 16 for fall-back for both UL and DL, 16 for DL corresponding to configured TM, 16 for UL corresponding to configured TM) if multi-layer transmission is configured for UL.  For NR, the number of blind decodes for the CSS is FFS but there are already 4-5 different RNTIs and probably the CCE aggregation level should not be fixed leading to an approximate number of 12 as in LTE. It is also FFS whether the non-fallback DL DCI format can have the same size as the non-fallback UL DCI format (i.e. whether a DCI format 0/1A relationship can hold for non-fallback UL/DL DCI formats – it is assumed to hold for fallback DCI formats). If it does not, about 60 blind decodes should be supported in NR; otherwise, about 44 blind decodes should be supported. It may be possible to reduce the number of blind decodes by exploiting the configurability per CCE aggregation level in NR (e.g. depending on the UE SINR or the DCI format size the number of candidates can be reduced relative to LTE for some CCE aggregation levels) and exploit use of different CORESETs with different Yk initialization to reduce blocking. Exact reduction is FFS. For above 6 GHz where the number of scheduled UEs per slot is very small, the maximum number of blind decodes can be drastically reduced.


Q3) The maximum number of BDs should be defined per subcarrier spacing. It does not need to be linearly scaled but the number should be reduced as subcarrier spacing increases.


Q4) The number of blind decodes for PDCCH scheduling RMSI should be fixed. Possible numbers can be determined once the CORESET design for RMSI scheduling is known and may depend of the CORESET configuration parameters .











4. For non-CA and non-slot-based scheduling


· If PDCCH monitoring occasion(s) is configured at many OFDM symbols of a slot;


· How the number of blind decodes is distributed over the slot?


· Is there any constraint for blind decodes number distribution over the monitoring occasions?


· Any additional constraints/differences from the case of slot-based scheduling?


· Is it agreeable that the number of blind decodes for PDCCH scheduling RMSI is fixed by the spec?


· If yes, what number(s) for which aggregation level(s)?


			Company


			View





			NTT DOCOMO


			We consider that it is reasonable to introduce following two types of UEs:


· Type I: UEs capable of monitoring PDCCH at the beginning of a slot


· Type II: UEs capable of monitoring PDCCH at any configurable occasions of a slot


Then, the total and maximum number of blind decodes per slot is 44 for both Type I and Type II. gNB should control the number of blind decodes per PDCCH monitoring occasion by higher-layer signaling such that total number does not exceed the value.


For mmwave, it should be possible to map PDCCH which schedules RMSI at the middle of a slot. However, regardless of whether it is slot-based scheduling or non-slot-based scheduling, PDCCH scheduling RMSI is at most one in a slot. Therefore, the number of blind decodes for PDCCH scheduling RMSI can be identical between slot-based scheduling and non-slot-based scheduling.








			MediaTek


			· How the number of blind decodes is distributed over the slot?


Ans.: The maximum number of BD within a time duration is the same for the following cases:


· UE is configured with only slot based scheduling


· UE is configured with only non-slot based scheduling


· UE is configured with both slot based and non-slot based scheduling


· Is it agreeable that the number of blind decodes for PDCCH scheduling RMSI is fixed by the spec?


Ans.: Yes. The number of PDCCH candidates is fixed in the spec for PDCCH scheduling RMSI.





			InterDigital


			We believe that the same limit (as the maximum number of blind decodes per slot) can be applied for both cases of slot-based and non-slot-based scheduling. However, in terms of the distribution of the blind decodes within a slot, the gNB has the full flexibility to control the number of blind decodes for each monitoring occasion.


For PDCCH scheduling RMSI, the maximum number of PDCCH candidates should be fixed in the spec, similar to the slot-based scheduling.





			CATT


			The UE processing time dimensioning has so far considered slot-based scheduling with 1-symbol CORESET. The same exercise is envisioned for other cases including mini-slot scheduling. Once that exercise is complete our assumption is that the UE may also report (N1, N2) for such use cases. Then the network has full flexibility to configure multiple monitoring occasions within a slot and assign variable numbers of PDCCH candidates across these occasions. As long as (N1, N2) is taken into account by the network when scheduling HARQ-ACK timing or UL grant timing, this in and of itself, does not necessitate a categorization of UEs according to monitoring occasions.





			vivo


			For each of the following two types of UEs mentioned by DOCOMO, there should be an upper limit on ther number of PDCCH blind decodes per slot, the upper limit for type II UE may be the same or larger than that for type I UE, which is dependent on the UE capability discussion.


· Type I: UEs capable of monitoring PDCCH at the beginning of a slot


· Type II: UEs capable of monitoring PDCCH at any configurable occasions of a slot


For type II UEs which will be scheduled on mini-slot, the PDCCH blinde decodes per slot are distributed into multiple monitoring occasions within the slot, by network configuariton. It should be discussed further whether such blind decoding distribution should be uniform across different monitoring occasions or non-uniform distribution is allowed. 


In case non-uniform distribution is allowed, it should be considered to have another upper limit of PDCCH blind decodes distributed on each monitoring occasion for mini-slot based scheduling, as the mini-slot is expected to be processed faster than normal slot, which includes both PDCCH and PDSCH. For example, assume 44 is the upper limit for a slot, and UE is configured with 7 monitoring occasioins for potential 2symbol mini-slot scheduling, it does not make sense for the network to configure blind decodes within the slot arbitrarily resulting extremely non-uniform distribution, e.g. [2,2,20,2,2,14,2]





			OPPO


			We prefer that the maximum number of PDCCH blind decode is same, such as 44 per 1ms, no mather there is either slot-based scheduling or non-slot based scheduling, or both within the same slot. 


· How the number of blind decodes is distributed over the slot?


· Ans: the total number of blind decoding for slot-based scheduling is configured as X, the the remaining blind decoding number 44-X can be evenly distributed for the same set of non-slot based scheduling. For example, if there are N non-slot based scheduling, then the number of blind decode per non-slot based scheduling monitoring occasion is floor( (44-X) /N )


· Any additional constraints/differences from the case of slot-based scheduling?


· Ans: The number of blind decode for each non-slot based scheduling occasion of the same set is preferred to the same.


· Is it agreeable that the number of blind decodes for PDCCH scheduling RMSI is fixed by the spec?


· Yes.








			Panasonic


			Similar to DOCOMO, we see two types of UEs.


The number of BDs are increased in type II UEs as described slot scheduling discussion.


The same reply to slot scheduling case. i.e. On the relation to RMSI, the number of blind decodes for PDCCH for SI-RNTI depends on the maximum number of BDs supported in a cell. If the cell support aggregation level 16, aggregation level 16 is used. If the cell does not support aggregation level 16, aggregation level 8 is used. Which one is used is known by PBCH but jointly indicated with CORESET.





			LG


			For non-slot-based scheduling, we see potentially two options. First one is to handle as suggested by DOCOMO where different BDs are considered for slot-based and non-slot-based scheduling cases and different UE types. If we take an option to unifiy between slot and non-slot based scheduling, and a UE may potentially support both slot and non-slot based scheduling, we consider that BDs should be defined differently for example, maximum BDs K per a given time unit (e.g., BDs per 2 OS) where slot based scheduling can be a sum of multiple (e.g., 7 x K). Our general preference is to, as different processing is needed, define different UE types for slot and non-slot based scheduling. 





			Huawei, HiSilicon


			The maximum number of blind decodes within a minimum scheduling unit should not exceed 44. That is, for UEs configured with only slot-based scheduling, UEs configured with only non-slot based scheduling and UEs configured with both slot-based scheduling and non-slot based scheduling, the total number of blind decodes within a minimum scheduling unit should not exceed 44. The total number of blind decodes should be distributed over the CORESETs and/or the sets of search spaces in a scheduling unit. The minimum scheduling unit could be 2 OSs for 15 kHz, 4 Oss for 30 kHz, 7 Oss for 60 kHz and 14 OS for 120 kHz. In addition, the starting symbol of the CORESET should be no later than the starting symbol of the scheduled PDSCH.   


Similar as slot-based scheduling, for PDCCH scheduling RMSI, the maximum number of PDCCH candidates could be fixed in the spec.





			Nokia, NSB


			We see UEs supporting mini-slot based scheduling as UEs with additional capability. And therefore, a UE supporting mini-slot based scheduling should be capable to monitor up to 7 monitoring occasions per slot. In this case, 6BDs per monitoring occasion would result in 42BDs. Therefore, we suggest that a UE (DCM-TYPE II) supporting mini-slot-based scheduling, is capable of additional 42BD, on top of 44 BDs supported for slot-based scheduling. For mini-slot, the number of BDs per monitoring occasion is determined as floor(42/M), where M is number of configured monitoring occasions per slot.





			Intel


			Agree in general with DCM view, with emphasis that for Type II UEs, the total number of BDs defined on a per slot for given SCS is maintained irrespective of whether PDCCH is monitored only at beginning of slots or monitored both at beginning and within slots, and preferably, this number is the same as for Type I UEs. Potentially, a non-uniform distribution of BDs in CORESETs at the beginning against those later in the slot can be considered.


We don’t see any differences for slot- vs. non-slot-based scheduling (referring to the first DMRS location of the PDSCH). 


Yes, similar view as for slot-based on configuration/indication of monitoring candidates for PDCCH for RMSI scheduling 





			Ericsson


			There is no need to have general distinctions such as slot-based and non-slot-based scheduling although such terminology has been used in some agreements. CORESETs may be configured at the beginning of a slot or in other parts of a slot. The distinctions for these two cases can be limited to particular definitions as needed. For instance, DMRS for the PDSCH for these two cases may occur in different locations and hence we have defined PDSCH mapping types A and B. UE capabilities on CORESET monitoring can be separately discussed. For example, whether a UE supports both PDSCH mapping Type A or Type B and whether this is a capability can be discussed. 


Blind decodes are distributed among the search spaces assigned to different CORESETs in a slot via RRC signaling. The network ensures that the total number of blind decodes in the slot doesn’t exceed the maximum number of blind decodes per slot. The assignment of blind decodes is done across all CORESETs in the slot without any distinctions such as slot-based and non-slot-based scheduling.


There are no additional constraints whether CORESETs occur in the beginning of a slot which is being referred to as slot-based scheduling, or CORESETs occur elsewhere in the slot.


The number of blind decodes for PDCCH scheduling RMSI is fixed by the spec. Nokia’s proposal of four AL 4 candidates and 2 AL2 candidates seems fine.





			Qualcomm


			We prefer the same pair of number (X,Y) for slot based case or even smaller to be applied to the mixed slot based and non-slot based case. Note even to use the same number to distribute across the slot, the processing will be tighter for non-slot based scheduling.





			Samsung


			Define two terminologies, 


- Nmax,slot: The maximum number of blind decodes for slot scheduling


- Nmax,non-slot: The maximum number of blind decodes for non-slot scheduling


- K: Monitoring occasions in a slot


Q1) Nmax,non-slot also should be defined per slot as definition of Nmax,slot. Then total number of maximum blind decodes per mini-slot becomes Nmax,non-slot /K when total K monitoring occasions are configured within a slot, i.e., the total number of blind decodes are evenly distributed over the slot.


Q2) Nmax,non-slot can be different with Nmax,slot. It is more desirable Nmax,non-slot ≤ Nmax,slot.


Q3) Even if RMSI scheduling is based on non-slot, the monitoring occasion for that DCI corresponding RMSI scheduling may be more than 1 slot according to the RMSI periodicity. Therefore, the number of blind decodes should be the same as slot-based scheduling e.g. 4 for AL=4 and 2 for AL=8.











5. For CA


· For the case of CA, what is the necessary impact on the number of PDCCH blind decodes?


· Option 1: Just increase the number of PDCCH BDs according to the number of CCs


· Option 2: Allow less than the number of PDCCH BDs according to the number of CCs


· In this case, please answer the question 6 regarding how the UE capability signaling is defined.


			Company


			View





			NTT DOCOMO


			The number of PDCCH BDs can be linearly increased according to the number of CCs. This could be an upper limit of the number of PDCCH BDs a UE is capable of. Then, the UE is allowed to support lower number of PDCCH BDs in case of CA. In Rel.13 eCA, UE can report the integer value of n in the following equation (1) as the UE capability. This would be a starting point of NR.


· N = 12 + 32n, where n = 1, 2, …, 16








			MediaTek


			We support Option 2. The number of PDCCH BDs is not directly proportional to the number of CCs. Agree with DOCOMO that Rel-13 eCA can be used as a starting point.





			InterDigital


			We can use an approach similar to LTE R13, i.e. define capability for the maximum number of blind decodes in terms of a multiple of 32 when CA is configured.





			CATT


			If the UE processing time for CA is reported (based on a similar dimensioning exercise as for the non-CA case), there may not be a strong motivation to separately report an upper limit like in Rel-13 eCA. In LTE eCA given the fixed HARQ timing, some restriction on BDs was necessary as the number of simultaneously processed CCs kept increasing. In contrast, NR supports flexible HARQ timing. If the UE reports (N1, N2) for CA case, the network can make use of these numbers to schedule a large enough HARQ timing. 





			vivo


			The number of PDCCH blind decodes is expected to be increased by the number of activated carriers. However, we agree with MediaTek that the number should not be directly propotional to the number of CCs. 





			OPPO


			Agree with DCM in principle. But the specific value can be FFS.





			Panasonic


			We share the view from MediaTek.





			LG


			We agree with DCM and MediaTek, to consider potentially less BDs with increased CCs. 





			Huawei, HiSilicon


			Similar scheme as in LTE can be used at least for eMBB. That is, the number of BDs can be linearly increased with the number of CCs at least for up to 4 CCs case. For the case with more than 4 CCs, the mechanism for Rel-13 eCA could be the starting point.  





			Nokia, NSB


			Option 1, we prefere implicit capability, N = 12 + 32n , where n is number of serving cells supported per given band combination.





			Intel


			Support Option 2 and agree on Rel-13 eCA approach as starting point, details can be decided once there is better clarity on search space categorizations (cf. email discussion [90b-NR-23]). 


In response to comment from CATT, it is unclear at this point if the processing times for non-CA and CA cases are going to be very different, and thus, it would be desirable to design the system flexible enough but also one that does not lead to a very complex processing time characterization, if possible (e.g., there can be various different CA configurations incurring different levels and distribution of processing demands if a separate exercise is envisaged). 





			Ericsson


			We prefer the blind decodes to be scaled according to the number of carriers at least for a certain number of carriers. Beyond this, some total limit on the number of blind decodes can be considered as a UE capability if necessary.





			Qualcomm


			We prefer option 2. 


The total number of blind decoding can be 








Where


· (X,X’,Y,Y’)=(32, 24, 48, 24) for 15KHz or 30KHz SCS


· (X,X’,Y,Y’)=(16, 12, 24, 12) for 60KHz or 120KHz SCS





			Samsung


			We prefer option 2. 


Reporting a UE capability for blind decoding operations can be primarily beneficial to avoid a co-dependence between UE blind decoding capability and a capability for a number of cells for CA/DC and leave this to the UE implementation.











6. Need for UE capability signaling for the number of PDCCH BDs


· Whether the UE capability for the number of PDCCH blind decodes is introduced?


· If yes, how the UE capability signaling is defined? E.g.;


· What granularity the number of PDCCH BDs can be reported?


· What numbers of the PDCCH BDs can be reported?


· Whether the capability is different for slot-based scheduling and non-slot-based scheduling?


· Whether the capability is SCS-dependent or SCS-independent?


			Company


			View





			NTT DOCOMO


			For non-CA, the total number of PDCCH BDs should be 44. For this, it is desirable that all UEs are capable. however, NR should support two types of UEs; PDCCH monitoring at the beginning of a slot, and PDCCH monitoring at any configurable occasions of a slot as discussed in the previous section. For this, it is reasonable to introduce UE capability signaling to report whether the UE belongs to Type II.


For CA, it is not necessary that all UEs support full number of PDCCH BDs which is linearly increased according to the number of CCs. The UE is allowed to report the UE capability of PDCCH BDs exceeding the number of PDCCH BDs in case of non-CA. The possible signaling would be to report a value of n =1, 2, …, or 16, which is used to derive the number of PDCCH BDs the UE supports, by an equation N = 12 + 32n.





			MediaTek


			Yes, the UE capability for the number of PDCCH blind decodes is introduced.


· What granularity the number of PDCCH BDs can be reported?


Ans.: We can take Rel-13 eCA as the reference. The granularity is equal to the totalnumber of PDCCH candidates for UE specific PDCCH.


· What numbers of the PDCCH BDs can be reported?


Ans.: UE reports a value of n which is used to derive the number of PDCCH BDs the UE can support by an equation N = A + Bn, where A is the total number of PDCCH candidates for common PDCCH in non-CA, and B is the total number of PDCCH candidates for UE specific PDCCH in non-CA. 


· Whether the capability is different for slot-based scheduling and non-slot-based scheduling?


Ans.: The capability is the same for slot-based and non-slot-based scheduling.


· Whether the capability is SCS-dependent or SCS-independent?


Ans.: The capability is defined for a time duration, not for a slot.








			InterDigital


			Yes, the UE capability for the number of PDCCH blind decodes needs to be defined. In fact, this is essential in order to make the design flexible for future enhancements such as multiple active BWP, multiple TRP, multiple carriers &multi beams. The way to define this capability could be similar to LTE eCA (i.e.,  the maximum number of blind decodes in terms of a multiple of 32)





			CATT


			Based on our responses to the preivous questions there is no need to signal BD capability for either CA or non CA case given the UE has reported the corresponding (N1, N2) times and also NR support of flexible HARQ timing.





			vivo


			Yes, the explicit UE capability for the number of PDCCH blind decodes is introduced. As mentioned above by DOCOMO, MediaTek and InterDigitao, the motivation is to allow the flexibility in UE implementation to support CA, mini-slot based PDCCH monitoring periodicity, and multiple TRP/beam PDCCH monitoring etc by a unified framework. The exact method and granularity for the blind decoding capability reporting can be discussed further, the proposal from DOCOMO and MediaTek are good examples from our perspective. The blind decoding capability is decoupled from the UE capability for CA or mini-slot based PDCCH monitoring, but some linkage between them are considered to avoid some unreasonable combinations, e.g. a CA capable UE has less blind decoding capability than a non-CA capable UE. 


The UE blind decoding capability is preferred to be defined as per absolute time unit, e.g. 1ms to avoid the complication due to SCS specific UE capability as a single UE may support multiple frequency bands along with different SCSs. 





			OPPO


			Yes. UE can report its capability of blind decode to network to facilitate scheduling.








			Panasonic


			Simialr to DOCOMO, two types of UEs are supported in sub-6GHz. This is informed to the network as UE capability.





			LG


			For non-slot based scheduling at least needs some capability indication as suggested by DOCOMO.





			Huawei, HiSilicon


			UE capability for the number of PDCCH blind decodes should be introduced. The possible signaling could be to report a value of N = Am + Bn, where A is the maximum number of BDs for common search space in non-CA, and B is the total number of PDCCH candidates for UE specific PDCCH in non-CA.


We share similar view with MediaTek that the capability is the same for slot-based and non-slot based scheduling at least for a minimum scheduling unit. 





			Nokia, NSB


			The number of BDs is implicitly determined based on supported features, such as support of CA or mini-slot based scheduling.





			Intel


			· Whether the UE capability for the number of PDCCH blind decodes is introduced?


Yes. Rel-13 eCA approach can be starting point. Exact details of characterizing the capability signaling can be discussed once there is better clarity on the DCI format, search space, and monitoring details (relates to some ongoing discussions as part of [90b-NR-23]).


· If yes, how the UE capability signaling is defined? E.g.;


· What granularity the number of PDCCH BDs can be reported?


MTK’s suggestion could be a starting point.


· What numbers of the PDCCH BDs can be reported?


The exact set of numbers and characterization need further progress on DCI formats and monitoring details.


· Whether the capability is different for slot-based scheduling and non-slot-based scheduling?


No, the same apply to both. This relates to our response to Q #4.


· Whether the capability is SCS-dependent or SCS-independent?


The capability is SCS-dependent. The number of max BD per slot scales with the SCS.








			Ericsson


			We do not see the need for such an explicit capability; there is no incitement for a UE to declare the possibility of handling more blind decodings than the minimum. If the number of blind decodes can vary depending on UE capabilities, it shoul be linked to the support of some other capability, e.g. a CA_capable UE may support more blind decodes than a non-CA capable UE. It would be preferable to let the number of BDs scale based on the number of carriers. If capability signalling needs to be introduced for a large number of carriers, the Rel-13 eCA approach can be considered. No distinctions such as slot-based and non-slot based scheduling are needed.





			Qualcomm


			Do not see the need for separate capability.





			Samsung


			Yes. Bascially, same definintion in Rel-13 eCA can be reused. Also, the UE capability is defined as the total maximum number of blinde decodes per slot and multiple values will be defined for supported subcarrier spacings.











7. Other discussion


· Any other discussion points related to the topic of this email discussion?


			Company


			View
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1. Background


This document is to summarize email discussion [90b-NR-23] on the following aspect:


			Email discussion/approval till 10/27 – Fred (DCM)


· For a given CORESET, an association among the following is given where FFS: how to achieve


· A search space set


· A DCI format size


· RNTI


· FFS: Configuration of CORESET periodicity/offset











Related to the above, following agreements have been achieved:


			Agreements:


· One set of the following parameters determines a set of search spaces


· A set of aggregation levels


· The number of PDCCH candidates for each aggregation level


· PDCCH monitoring occasion for the set of search spaces





Agreements:


· 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











In this email discussion, in addition to the above, remaining issues related to the above  are addressed.





2. Remaining issues on RRC related aspects


As the CORESET related parameters and search space related parameters, following have been agreed:


· For a CORESET;


· Frequency-domain resources


· Starting OFDM symbol


· Contiguous time duration


· REG bundle size


· REG-to-CCE mapping


· Precoder granularity


· For a search space;


· The number of PDCCH candidates for the given aggregation level


· PDCCH monitoring occasion for the set of search spaces


· The association between a CORESET and a set of search spaces





2.0	PDCCH monitoring occasion offset for a set of search spaces


Should PDCCH monitoring offset be configured on top of the slot monitoring periodicitiy of a set of search spaces?


			Company


			View





			ZTE


			We think this should be supported at least for slot level offset. When UE configured with x-slot periodicity where x >=2, it should have the possibility to covery all slot by introducing slot. This question is also related to the answer of  2.1 for CORESET offset. If we have this offset the CORESET offset is not introduced. 





			vivo


			Agree with ZTE that the offset may be useful at least when the PDCCH monitoring periodicity is configured to be more than one slot. 





			Panasonic


			The same functionality would be achieved by DRX operation by the combination of drx-CycleLength and drx-Offset with the relation of following in LTE.


[(SFN * 10) + subframe number] modulo (drx-CycleLength) = drx-Offset. 


If less than 1ms operation is required, the needs can be argued but for Dec 17, we don't identify the need yet.


For the reception of SIBs, random access response, paging, fallback DCI and so on, PDCCH monitoring may not be required for every slot and there can be offset. On the other hand, these can be discussed separately. 





			AT&T


			It’s not clear to us what “PDCCH monitoring offset” means or refers to. A CORESET comprises a set of consecutive OFDM symbols and is configured with a starting symbol within the duration of a slot. In addition, either the CORESET or the associated search space/RNTI/DCI format (FFS) will have a periodicity. Then what else is needed? 





			Intel


			In general, with monitoring periodicities of longer than one slot duration, additional offsets, e.g., of slot granularity, could be useful, even though some flexibility should be possible already with the DRx operation based approach mentioned by Panasonic. Hence, we support this proposal. 





			Xiaomi


			We share the same view with AT&T, and don’t see why we need a offset.





			Qualcomm


			This proposal seems to be a good starting point. We think a window length will be useful on top of the periodicity and offset. With periodicity and offset, we are only able to introduce a single slot monitoring occasion every configured periodicity. To provide more flexibility in scheduling opportunities without hurting UE power consumption, certain window every occasion would be beneficial. With a window, NW can avoid colliding same set of UEs all the time with some staggering.


We don’t have a very strong view on whether to introduce this in RAN1 spec as a table vs. leave this to RAN2 RRC specification but slightly leaning toward RAN2 RRC specification between 2 options.


For SCS dependency for monitoring periodicity, we think we can consider two sets considering different implication in absolute time.


· 1, 2, 5, 10, 20 slots for 15 and 30 kHz SCS


· 1, 2, 10, 20, 40 slots for 60 kHz and above














2.1	Need of CORESET periodicity/offset


· Is it necessary to introduce CORESET parameter to identify the CORESET periodicity/offset?


· If yes, what is the benefit of having CORESET periodicity/offset in addition to PDCCH monitoring occasion for the set of search spaces? What is the problem if not introduced?


			Company


			View





			NTT DOCOMO


			We do not see the problem when the parameter(s) of CORESET periodicity/offset is/are not introduced. Based on the discussion during RAN1#90bis meeting, we are fine with not having the parameter(s) for CORESET periodicity/offset.





			ZTE


			Not needed. However, CORESET monitoring perfiodicity is agreed in meeting AH#2. We need to make decision to remove it.





			MediaTek


			We don’t see the need to define additional CORESET periodicity/offset when the set of search spaces has its own periodicity occasion. There is no problem for a UE to monitor PDCCHs by following the periodicities of sets of search spaces.





			CATT


			We have agreed that multiple search spaces can be associated with a given CORESET. From a UE perspective what is important is to know when and where to monitor for PDCCH candidates. Once the search space monitoring periodicity and symbol offset(s) within a slot is configured a further CORESET periodicity is redundant.


Regarding ZTE’s comment on the #AH2 agreement:


· For a CORESET which is configured by UE-specific higher-layer signalling, at least following is configured.


· Monitoring periodicity


· FFS: it is a configuration per CORESET or per one or a set of PDCCH candidates


· FFS: relation with DRX


· FFS: default/fallback value





Our understanding was that a periodicity was agreed in principle and it was FFS whether this applied to the CORESET or a set of candidates which is another way of saying search space. Now in RAN1 #90bis we at least agreed it is per search space and at least we think this is sufficient from a UE perspective. Note that for the case where only one search space is configured in a CORESET, the two become equivalent.





			InterDigital


			It might be useful to have optional CORESET parameter to identify CORESET periodicity of larger than one slot. This can be used when all search spaces associated with a CORESET have a common periodicity other than once per slot. This will avoid the additional overhead of configuring periodicity for each search space. The default periodicity of a CORESET (in absence of any such parameter) should be 1 slot.





			Samsung


			CORESET periodicity/offset is not needed. Rate matching around CORESET can be resolved by rate-matching resource set configuration with certain periodicity. Monitoring periodicity is per DCI format/RNTI (i.e. per search spaces for given DCI format).





			Ericsson


			It is not necessary to introduce CORESET parameter to identify the CORESET periodicity/offset since each search space can be configured with a monitoring periodicity.





			LG


			The CORESET periodicity could be used for CORESET-level rate matching and/or default/fallback operations. Following was agreed in previous meeting.


· CORESET(s) configured to a UE for monitoring can be included in resource set(s)


· If included, the entire COREST is assumed for rate matching when applicable


· These resource set(s) can be identified as resource sets(s) for which the PDSCH is or is not mapped based on the L1 signalling.


From a network’s perspective, one CORESET can be shared by multiple UEs, and each UE can have different monitoring periodicity of a search space set for a given CORESET. In this case, in order to reflect PDCCH transmission of other UEs, CORESET periodicity could be used as resource set(s) for rate matching. In addition, default/fallback operation could be defined on CORESET periodicity rather than 1 slot periodicity. Therefore, CORESET periodicity could be introduced. 


For a non-slot based scheduling, some clarifications are needed, e.g., whether the starting OFDM symbol is not needed or not, whether scheduling type (i.e., slot/non-slot based) is included in the CORESET configuration.





			vivo


			Not necessary, as long as the monitoring periodicity and offset are defined clearly for search space. 





			OPPO


			Not needed. According to the agreement, a monitoring occasion is associated to a search space. A CORESET can include more than one search spaces. The CORESET periodicity/offset can be determined by multiple monitoring occasions of search spaces. There is no need to define additional periodicity/offset for CORESET.





			Panasonic


			Not necessary. We agree Samsung that monitoring periodicity is per DCI format/RNTI (i.e. per search spaces for given DCI format).





			Nokia, NSB


			We think that search-space-set periodicity is sufficiently flexible, there is no need to introduce CORESET periodicity, CORESET is present in every slot. If offset is deemed needed, it should be introduced for the search-space-set.





			AT&T


			A CORESET comprises a set of consecutive OFDM symbols and is configured with a starting symbol within the duration of a slot. The latter can be considered a CORESET offset. In addition, either the CORESET or the associated search space/RNTI/DCI format (FFS) will have a periodicity. In the latter case, no additional CORESET periodicity is needed. 





			Huawei, HiSilicon 


			We share similar view as LG that CORESET periodicity could be used for CORESET-level rate matching. For example, it is possible that gNB would configure a CORESET to a UE but the UE doesn’t need to monitor PDCCH in this CORESET. This CORESET is configured to the UE just for rate-matching and the CORESET is used for PDCCH transmission for other UEs. By supporting this, PDSCH could be scheduled within the whole available resources in a slot. Otherwise, PDSCH may not be able to be scheduled on symbol(s) with CORESET for other UEs since UE doesn’t have any information on the CORESETs for other UEs.


Of course, from UE monitoring PDCCH perspective, CORESET periodicity seems not necessary. 





			Intel


			Not necessary in our view. Even for the use case of CORESET-level rate-matching, it is likely to be rather defined in terms of more generic resource set configurations, and thus, periodicity of such resource sets can be indicated there and not as part of CORESET configuration parameter.





			Xiaomi


			Not necessary. From the UE PDCCH monitoing aspect, as the PDCCH monitoring is associated to the search space, we don’t see a need to have CORESET periodicity/offset. Regarding the use case of CORESET level rate matching, we have already agreed on indication of resource set by RRC signaling, UE can perform rate matching on the indicated resource set, thus, we don’t see a need to have additional CORESET periodicity/offset in the CORESET configuration.











2.2	QCL configuration/indication for PDCCH


In the previous RAN1 meeting, following agreement has been made:


			Agreement:


The QCL configuration for PDCCH contains the information which provides a reference to a TCI state


· Alt 1: The QCL configuration/indication is on a per CORESET basis


· The UE applies the QCL assumption on the associated CORESET monitoring occasions. All search space(s) within the CORESET utilize the same QCL.


· Alt 2: The QCL configuration/indication is on a per search space basis


· The UE applies the QCL assumption on an associated search space. This could mean that in the case where there are multiple search spaces within a CORESET, the UE may be configured with different QCL assumptions for different search spaces.


· Note: The indication of QCL configuration is done by RRC or RRC + MAC CE (FFS: by DCI)


Note: The above options are provided as input to the control channel agenda item discussion











At the RAN1#90bis meeting, following agreement has been made:


			Agreements:


· UE assumes the DMRS of NR-PDCCH transmitted in the CORESET for RMSI and the DMRS of NR-PDSCH for RMSI/broadcast OSI is QCLed with the corresponding SS/PBCH block


· FFS: On the details on the associations between SS blocks and monitoring windows (if introduced) for RMSI CORESETs/broadcast OSI .











· For the DMRS of NR-PDCCH not for RMSI, which alternative in the above agreement should be supported?


· Alt. 1: The QCL configuration/indication is on a per CORESET basis


· Alt. 2: The QCL configuration/indication is on a per search space basis


			Company


			View





			NTT DOCOMO


			Alt.1.





			ZTE


			For Alt.2 , we think this can be supported since we can configure different set of search spaces with different for periodicit. It will fall in to per CORESET, if we configure all the search spaces with same TCI 





			MediaTek


			We support the Alt.1.





			CATT


			The implication of Alt 1 is that if a CORESET is associated with multiple search spaces, the same QCL confniguration is applicable to these search spaces. This seems simple at first glance but may be overly restrictive. Consider the case where operation similar to LTE is envisioned where there is only one CORESET. Then it should be possible to configure a group-common search space and UE-specific search space in the same CORESET with possibly having different QCL configurations for each of them, i.e. Alt.2. 


On the other hand the disadvantage of Alt2 may be observed at above 6GHz operation. It may not be possible in some implementation to have different spatial QCL configurations within a CORESET if it means a UE has to adapt its analog RX beams to monitor each search space over the same set of OFDM symbols. Note that this problem is also present if CORESETs overlap and each CORESET has a different spatial QCL configuration.


Given that there are then pros and cons for each alternative, we note that Alt1 is a special case of Alt2 if the CORESET is configured with a single search space. Then Alt 2 is preferable since it is up to the network how many search spaces to configure within a CORESET. 


More importantly, we can make the clarification that a UE is not expected to monitor multiple search spaces in the same PDCCH monitoring occasion if different spatial QCL configurations apply to these search spaces..





			InterDigital


			We support Alt. 1





			Samsung


			We support Alt 1. Alt 2 is problematic with time-first CCE-to-REG mapping and generally more complex for the UE to handle. Using different beams for different search spaces can be realized by configuring different respective CORESETs with different QCL configurations.





			Ericsson


			We support Alt. 2. For sub-6 GHz deployments with digital beamforming it is better to allow the flexibility to have different search spaces ….





			LG


			In our view, the QCL relation mentioned in above agreements means the spatial QCL, and it is used to set Rx beam of UE. So, if each search space within a same CORESET has different QCL assumption, it can cause more complex operation and some ambiguities when monitoring occasions of different search space are overlapped on same resources. So, we support Alt. 1.





			vivo


			Support Alt.1. Network can configure overlapping CORESET associated with different QCLs, if necessary. 





			OPPO


			We support Alt 1. If alt 2 is supported, wideband RS precoder granularity is not applicable since UE cannot assume different search spaces within the CORESET are QCLed. 





			Panasonic


			Our view is Alt.1. Different search space have different QCL is realized by overlapped CORESETs. As we have not concluded the number of supported CORESETs, the same function can be realized by either Alt.1 or Alt.2 in our understanding. 





			Nokia, NSB


			Alt. 1.





			AT&T


			Alt. 1





			Huawei, HiSilicon


			In our understanding, both Alt. 1 and Alt. 2 are not good. We prefer that the QCL configuration/indication is on PDCCH candidate(s) basis. Firstly, QCL based on PDCCH candidate(s) could provide flexibility for gNB and by enabling this, gNB could also achieve QCL configuration per CORESET or per search space. Secondly, it provides the chance to support multi-beam combination for PDCCH. Thirdly, for multi-beam operation, only rely on per CORESET way may result in many CORESETs configured to a UE, or alternatively it may be hard to support multi-beam transmission with many beams.


For now if we really have to pick one between Alt. 1 and Alt. 2 because of the tight timeline, we slightly prefer Alt. 1 for simplicity. Maybe we could further study QCL configuration per PDCCH candidate basis at least for high frequency case later. 





			Intel


			Alt. 1.





			Qualcomm


			Agree with the proposal.











2.3	Other


· Any other remaining issue which has impact on RRC parameters? If yes, please share your views.


			Company


			View





			CATT


			The precoder granularity agreement is per CORESET:


Agreements:


· Confirm the WA with the following clarifications (in red):


· For each CORESET, precoder granularity in frequency domain is:


· Configurable between i) equal to the REG bundle size in the frequency domain; or ii) equal to the number of contiguous RBs in the frequency domain within the CORESET


· For ii), DMRS is mapped over all REGs within CORESET.


· RAN1 assumes that CORESET for PDCCH scheduling RMSI can be configured with Option i)


· In Option ii) UE may assume DMRS is present in all REGs within the set of contiguous RBs of the CORESET where and when at least one REG of a candidate is mapped.





This could imply that if there are multiple search spaces within a CORESET the UE assumes the same precoder granularity configuration. But for the case where different search space types (UESS, GCSS) are mapped to the same CORESET with different periodicities, it is not clear to us that the same precoder granularty should necessarily apply if the monitoring occasions for each search space type do not overlap. The last sub-bullet on the DMRS assumption has the phrase “where and when at least one REG of a candidate is mapped”. Our interpretation would be that the UE can only assume the presence of wideband RS on monitoring occasions of a given PDCCH candidate, which refers to the search space. If this is what the proponents had in mind then it would mean that the precoder granularity is per search space set rather than per CORESET. We would like to hear more views. 





			Ericsson


			We have already agreed that REG-bundle size and precoder granularity are CORESET properties. Monitoring periodicities of the search spaces configured in the CORESET are not really relevant here since the DMRS is transmitted in a given CORESET in a slot only if a PDCCH is transmitted in the CORESET. If the UE fails to successfully decode a PDCCH in the CORESET, it cannot make any assumptions on the RS within the CORESET. 


What is important are the assumptions that the UE can make for a CORESET in a slot, when attempting to decode a PDCCH candidate in the CORESET. As per the agreement, in any given slot, whenever the UE monitors a search space in a CORESET and attempts to decode a PDCCH candidate in the search space, it can assume that there is DMRS in every REG of each contiguous block of RBs in the CORESET, where the candidate has a REG. 





			Huawei, HiSilicon


			If frequency-first CCE-to-REG mapping is also supported, then frequency-first mapping or time-first mapping also need to be configured by RRC signaling.


In our understanding, frequency-first CCE-to-REG mapping can bring benefits in terms of frequency diversity, latency reduction, multiplexing between CORESETs, enabling multi-beam operation in a CORESET, avoiding large signaling overhead for CORESET configuration, avoiding large signaling overhead for reusing control resource for data in a DCI and enabling PDCCH transmission with large aggregation level.


For the details of frequency-first CCE-to-REG mapping, we could go with the following proposal:


For a CORESET with more than 1-symbol, frequency first CCE-to-REG mapping is supported with the following:


· REG bundle patterns 


· REG bundle size in time-domain: 1 symbol


· REG bundle size in frequency domain 


· for non-interleaving: 6 REGs


· for interleaving : {2,6} REGs


· Interleaving is performed separately and identically on each OFDM symbol in the CORESET


· Same interleaving mechanism for 1-symbol CORESET is used 





			Intel


			Agree with Ericsson’s response on “wideband DMRS” assumptions.


We are also supportive of the proposal from HW on support of frequency-first CCE-to-REG mapping for multi-symbol CORESETs, if all details can be agreed easily.











3. Association among CORESET/search space/DCI format size


3.1	Among a set of search spaces and a DCI format size and an RNTI


· How does UE know the association among a set of search spaces, a DCI format size, and an RNTI, at least for the case other than initial access?


			Company


			View





			NTT DOCOMO


			Unless specific reason is identified, it is reasonable to follow LTE approach: at least there are two sets of search spaces; common search space (set) and UE-specific search space (set). For each DCI format, the payload size and the associated RNTI are identified by higher-layer configurations. Then, whether the DCI format is mapped on common search space (set) or UE-specific search space (set) is specified in the spec.


Unlike LTE, we consider that a set of search spaces for group-common DCI/PDCCH can be a separate set of search spaces from common search space (set), since the monitoring of group-common DCI/PDCCH is anyway configured by RRC signalling. 





			ZTE


			A set of search spaces can be configured with several DCI format sizes. Each DCI format size will be associated with an RNTI. Those can be done in the CORESET configuration.





			MediaTek


			In our view, three types of set of search spaces can be defined: common search space set, group-common search space set, and UE-specific search space set. The common search space set is used for transmiting common DCIs that the beam sweeping may be needed. And the group-common search space set and UE-specific search space set are used to transmit the PDCCHs that the beam sweeping is not required.


Two DCI payload sizes for UE blind decoding are configured to UE through the higher-layer signaling. The association between the RNTI and the configured DCI payload size is specified in specification. The relationship between the RNTI and a set of search space is specificed in specification as well. For example, the UE monitors PDCCH with C-RNTI and SI-RNTI in the UE-specific search space set and common search space set, respectively. In addition, in our opinion, the UE monitors the PDCCH with RA-RNTI in the common search space set during the initial access, but monitors it in the group-common search space set in the RRC connected mode.





			CATT


			We would like to unify the terminology both for Idle and Connected UEs as there should be a single control channel procedure. So far we have identified 3 search space types, namely UE-specific, group-common and common. Common here refers to a search space for monitoring DCI identified by e.g. a SI-RNTI. Group-common in our view refers to DCI for pre-emption indication, SFI, group power control, where each DCI is characterized by a different RNTI.


· RRC Idle: For monitoring for PDCCH scheduling RMSI and OSI, a common search space is defined by specifications with a fixed number of PDCCH candidates for e.g. ALs 4 and 8 similar to LTE. Alternatively, this can be part of the RMSI PDCCH configuration that is indicated by the MIB. The RNTI to use and DCI format(s) to monitor are defined in the specifications. The search space monitoring periodicity is currently being discussed under 90b-NR-04.


· Transition to RRC connected: A UE-specific CORESET and its associated search space(s) are configured by dedicated RRC signaling. However, this configuration must be scheduled by a CORESET that is already available. So either the CORESET configured by MIB or a different CORESET configured by RMSI/OSI e.g. for RACH procedure should be used to deliver UE-specific RRC configurations. It was agreed at RAN1 #90 that the CORESET used to schedule the PDSCH containing the RMSI can be configured to contain also UE-specific PDCCH(s). This implies that a UESS needs to be configured or defined in the specs for this CORESET. The DCI format(s) to monitor, the set of search spaces and number of candidates for each search space (AL) in the set should be configured or fixed in the specifications


· RRC connected: for each search space in a CORESET, the UE is configured with the DCI formats to monitor and the number of candidates. The RNTI for each search space type can be defined in the specifications except a C-RNTI which is signaled during RA procedure.





			InterDigital


			The association between DCI format and payload size and RNTIs are configured by higher-layer signaling. For group-common PDCCH, we believe a set of search spaces and corresponding GC-RNTIs can be defined which are different from common search space.





			Samsung


			Can follow the same rule as in LTE (note that LTE also supports UE-group common search space for eMTC). For a given DCI format size, associated RNTI is configured by higher layer signaling. Then, the search space is either specified (e.g. for RMSI) or configured.





			Ericsson


			In general, for a DCI format size (multiple DCI formats can have the same size), the RNTIs to be used is configured by RRC signaling. The search spaces, and the number of candidates per search space using which the DCI format size should be monitored are also configured via RRC signaling except for some cases such as for reception of RMSI after initial access or during changes in RRC configurations. For such cases, the DCI format size, the RNTI to be used and the search space and number of candidates per search space is specified. 


Other than specifying a special search space type for a common search space which does not depend on RRC configuration, there is no necessity to define additional search space types.


Whether a particular search space is configured to be used for reception of group common messages or for reception of UE-specific messages can be controlled by the network via appropriate configuration of parameters such as RNTIs.





			LG


			The DCI format size and RNTI are related to aggregation levels monitored by a UE. A set of search spaces is configured by; at least, aggregation levels, the number of candidates and monitoring periodicity. So, it is desirable that a DCI format size could be indicated as a part of search space related parameters. A RNTI(s) related to each DCI format could be configured by higher layer signaling.





			vivo


			The association among search space, DCI format size and RNTI is configured by RRC. For example, for each DCI format size, one or more associated RNTIs is configured. A set of search space, including aggregation levels and number of candidates are also configured for the DCI format size. 





			OPPO


			The association of search space with RNTI, DCI format are configured by RRC. 





			Panasonic


			In order to reply this, we think all procedure aspects need to be described. In our view, how certain RNTI use what search spaces and what DCI sizes needs to be discused seaprately for different RNTI similar to LTE.


C-RNTI: UE obtains C-RNTI from random access procedure like temporally RNTI is converted or separate configuration. Then Msg 4 contains the first UE specific RRC message and its RRC message configures several configuration influences DCI size (like CSI feedback, DMRS configuration flexibiltiy, RBG size,...). Then UE is able to know DCI format size. In addition, a set of UE specific search space is configured for this C-RNTI. Common seach space obtained by C-RNTI and group common search space obtained by random accesss procedure can be also used for C-RNTI. If group common serch space is updated, this can be reconfigured by RRC.


SPS C-RNTI and probably grant-free related RNTI: UE specific RRC configures these RNTI. We currently assume the same search space with C-RNTI.


GC-RNTI: The relation between the search space for random access response and random access responce is given by RMSI. When this search space for random access response is different from the search space for RMSI, this is group common search space. This group common search space can be used for pre-emption, SFI, group power control also. 





			Nokia, NSB


			Search-space-set on a CORESET is configured together with one or multiple monitoring-DCI-format sizes.  


One or more DCI formats are configured to a UE by gNB per serving cell.  Configuration of a DCI format comprises: RNTI, DCI format index (if needed) + padding (if needed) and size/presence of DCI fields.  


A UE monitors a configured DCI format(s)  on any search-space-set supporting the monitoring-DCI-format size matching the size of the configured DCI format(s).





			AT&T


			This should be part of CORESET configuration





			Huawei, HiSilicon


			A set of search spaces can be configured with several DCI formats which can have the same DCI format size or different DCI format size. Different RNTIs for different DCI formats in case of the same DCI format size, just like LTE.





			Intel


			Association between DCI formats, DCI format sizes (could be explicit/implicit), search spaces, and RNTIs are configured via RRC signaling. For initial access-related cases, these can be indicated from a more restrictive set of choices. Certainly, not all combinations make sense and thus, the supported mappings to be indicated via RRC need to be identified.


For search spaces, we don’t really see a need to define a special “group-common search space” – from a signaling and associated UE assumption/behavior perspective, the use cases for “group-common search spaces” (random access, PI monitoring, SFI, group TPC) can be either characterized as instances of CSS. 


We agree in general with the comment from Ericsson that from a signaling perspective, many of the “group-common” cases could be seen as UE-specifically configured search spaces with most, if not all, parameters UE-specifically configured. However, considering the expected behaviors for such group common DCIs/PDCCH, it may be more natural to categorize group common DCIs/PDCCH as CSS instances rather than UESS.


What is of primary importance is that the total number of blind decoding (BD) attempts in a slot are subject to the maximum BD capabilities/requirements discussed in RAN1 email discussion #[90b-NR-22] and the appropriate partitioning between the two depending on how the “group-common” use cases are categorized. 



Thus, as mentioned by Samsung, a Rel-13 LTE like approach can be followed in this regard using common and UE-specific search spaces.





			Xiaomi


			The association can be done by RRC configuration. For the common search space, the DCI format and associated RNTI can be fixed in the spec. for the UE-specific search space, RRC signaling configuring the DCI formats as well as the RNTIs.





			Qualcomm


			Agree with the principle of the proposal. Regarding DCI format/size, we need to ensure UE can have a particular size assumption with respect to a certain DCI format and potentially with format indicator in DCI. We assume this is the part of FFS.











3.2	Association between a CORESET and a set of search spaces


· How does UE know the association between a CORESET and a set of search spaces, at least for the case other than initial access?


			Company


			View





			NTT DOCOMO


			For the case of one CORESET, it is obvious that UE-specific search space set, common search space set, and group-common search space set, are mapped in the CORESET. UE monitors all the sets of search spaces in the CORESET.


For the case of multiple CORESETs, each CORESET is with one or multiple sets of search spaces. It is reasonable to consider that for each CORESET, there is at most one UE-specific search space (set), at most one common search space (set), and at most one group-common search space (set). From UE point of view, there is only one common search space (set) among all the sets of search spaces associated with all the CORESETs. 


Each DCI format with an RNTI is mapped to one or multiple sets of search spaces associated with different CORESETs. For example, one DCI format with an RNTI can be mapped on one set of search spaces with one CORESET or another set of search spaces with another CORESET.








			ZTE


			In CORESET configuration, it will indicated how many set of search spaces. 





			MediaTek


			In RAN1 #90bis meeting, the association between a CORESET and a set of search space is configured by RRC signaling. Below lists the agreement.


Agreements:


· 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








			CATT


			Similar view as MTK that we already have an agreement. This association should also be true for initial access as the only difference is how the RRC signaling is received (PBCH or PDSCH).





			InterDigital


			We think one RNTI can be associated with multiple search spaces in multiple CORESETs. Different types of search space (i.e. UE-specific, common, and group-common) can be within one CORESET. From UE’s viewpoint, for each periodicity of monitoring, there is at most one search space of each type.





			Samsung


			RRC configuration. gNB configures CORESET(s) where UE monitors a DCI format for a respective RNTI. Given that CORESETs can fully overlap, each configured CORESET can have one set of search spaces (for different CCE ALs) per DCI format.





			Ericsson


			In general, the CORESET(s) used for the configured search spaces for a particular DCI format size are indicated by RRC signaling. For cases such as for reception of RMSI after initial access or during changes in RRC configurations, where RRC configurations are not available, the DCI format size(s) and the search space for the DCI format size(s) is specified. The CORESET used by the search spaces in this case is indicated in the PBCH as agreed.





			LG


			In our view, it is unnecessary to introduce an additional signaling to indicate a relation between a CORESET and a set of search spaces, because a CORESET configuration and a set of search spaces are closely connected. So, we propose the search space set configuration(s) is included in a CORESET configuration.





			vivo


			Agree with multiple companies above, RRC configures the association between search space and CORESET. 





			OPPO


			The association between a CORESET and a set of search spaces are configured by RRC for CORESET configuration.





			Panasonic


			When the set of search spaces for C-RNTI is configured, simultaneously, UE specific CORESET is configured. This can be used for CORESET for C-RNTI.


When the set of search space for random access response is known by selecting RACH preamble, UE is also able to know the corresponding CORESET for this search space as it is given by RMSI. If this CORESET is different from CORESET for RMSI, it is group common CORESET.





			Nokia, NSB


			Search-space-set(s) are configured on a CORESET. 





			AT&T


			This should be part of CORESET configuration





			Huawei, HiSilicon


			According to the configuration of a CORESET, UE could know the set(s) of search spaces with the corresponding DCI formats it needs to monitor. Depending on the configuration, common search space and UE-specific search space could exist in the same CORESET. 





			Intel


			Using RRC configuration as already agreed. 


Following prior RAN1 agreements (as quoted by MTK), the mapping should be part of “search space configuration”, wherein the configured search space (with associated DCI formats, including size information, and RNTIs to be monitored for) is linked to a CORESET configuration. 





			Xiaomi


			RRC signaling configures the association as agreed.











3.3	Other


· Any other remaining issue related to association among CORESET/search space/DCI format size? If yes, please share your views.


			Company


			View





			


			














[bookmark: _GoBack]


- 13/13 -





image1.emf
CORESET configured by PBCH

A set of search spaces

CORESET configured by RMSI

A set of search spaces A set of search spaces

CORESET configured by RRC

A set of search spaces

UE-common

search space

UE-specific

search space

CORESET configured by RRC

A set of search spaces


