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[bookmark: _Ref129681862][bookmark: _Ref124589705]Introduction
[bookmark: _GoBack]This document aims to collect and summarize companies views on the proposals in [1]. The outcome of the discussion is captured in section 4.
Background
In NR Rel-15, a UE can be provided up to 3 CORESETs and 10 search space sets per DL BWP if the UE reports corresponding capabilities multipleCORESET [2]. The related specifications [2] are as follows:
	
[bookmark: OLE_LINK18]For each DL BWP configured to a UE in a serving cell, a UE can be provided by higher layer signalling with  CORESETs. For each CORESET, the UE is provided the following by ControlResourceSet:


-	a CORESET index , , by controlResourceSetId;
-	a DM-RS scrambling sequence initialization value by pdcch-DMRS-ScramblingID;
-	a precoder granularity for a number of REGs in the frequency domain where the UE can assume use of a same DM-RS precoder by precoderGranularity;
-	a number of consecutive symbols provided by duration; 
[bookmark: _Hlk504372411]-	a set of resource blocks provided by frequencyDomainResources;
-	CCE-to-REG mapping parameters provided by cce-REG-MappingType;
-	an antenna port quasi co-location, from a set of antenna port quasi co-locations provided by TCI-State, indicating quasi co-location information of the DM-RS antenna port for PDCCH reception in a respective CORESET;

-	an indication for a presence or absence of a transmission configuration indication (TCI) field for DCI format 1_1 transmitted by a PDCCH in CORESET , by tci-PresentInDCI.
< Unrelated part omitted >


For each DL BWP configured to a UE in a serving cell, the UE is provided by higher layers with  search space sets where, for each search space set from the search space sets, the UE is provided the following by SearchSpace: 


-	a search space set index , , by searchSpaceId 


-	an association between the search space set  and a CORESET  by controlResourceSetId 


-	a PDCCH monitoring periodicity of  slots and a PDCCH monitoring offset of  slots, by monitoringSlotPeriodicityAndOffset
-	a PDCCH monitoring pattern within a slot, indicating first symbol(s) of the CORESET within a slot for PDCCH monitoring, by monitoringSymbolsWithinSlot 


-	a duration of  slots indicating a number of slots that the search space set  exists by duration 
< Unrelated part omitted >


According to above, the maximum number of CORESETs and search space sets for a UE only depends on higher layer signaling ControlResourceSet and SearchSpace. For example, if CORESET#0 is configured in a DL BWP, up to two CORESETs with ControlResourceSetId other than 0 can be configured in the DL BWP. Otherwise, up to three CORESETs with ControlResourceSetId other than 0 can be configured. 
Meanwhile, the UE behavior with respect to search space monitoring is specified in section 10.1, TS38.213.
	A set of PDCCH candidates for a UE to monitor is defined in terms of PDCCH search space sets. A search space set can be a CSS set or a USS set. A UE monitors PDCCH candidates in one or more of the following search spaces sets
-	a Type0-PDCCH CSS set configured by pdcch-ConfigSIB1 in MIB or by searchSpaceSIB1 in PDCCH-ConfigCommon or by searchSpaceZero in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a SI-RNTI on the primary cell of the MCG
-	a Type0A-PDCCH CSS set configured by searchSpaceOtherSystemInformation in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a SI-RNTI on the primary cell of the MCG
-	a Type1-PDCCH CSS set configured by ra-SearchSpace in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a RA-RNTI or a TC-RNTI on the primary cell
-	a Type2-PDCCH CSS set configured by pagingSearchSpace in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a P-RNTI on the primary cell of the MCG
-	a Type3-PDCCH CSS set configured by SearchSpace in PDCCH-Config with searchSpaceType = common for DCI formats with CRC scrambled by INT-RNTI, SFI-RNTI, TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, or TPC-SRS-RNTI and, only for the primary cell, C-RNTI, MCS-C-RNTI, or CS-RNTI(s), and
-	a USS set configured by SearchSpace in PDCCH-Config with searchSpaceType = ue-Specific for DCI formats with CRC scrambled by C-RNTI, MCS-C-RNTI, SP-CSI-RNTI, or CS-RNTI(s).
< Unrelated part omitted >


Based on above, whether a configured search space set shall be monitored by the UE also relies on some conditions. For example, a UE only monitors search space set#0 on the PCell and a unicast DCI shall not be monitored in Type3-CSS on the SCell. However, it is unclear whether the mentioned conditions have any implications on the maximum number of CORESETs and search space sets that can be configured for the UE. For example, if a UE is configured with a search space set associated with a CORESET which the UE shall not monitor, whether this CORSET or search space set is still counted in the total number of CORSETs and search space sets that has been configured for the UE. 
[bookmark: OLE_LINK25]As an example, a UE is capable of being provided up to three CORESETs in a DL BWP. For a DL BWP on an SCell, for some implementation, CORESET#0 and search space set#0 are also configured to the UE. However, based on current specification, the UE does not monitor PDCCH candidates in search space set#0 associated with CORESET#0 on the SCell. In this case, if CORESET#0 is excluded from the maximum number of configured CORESETs, then up to 3 additional CORESETs can be configured in the SCell. Otherwise, only two additional CORESETs can be configured. There exists a similar ambiguity issue for search space set#0. This may not only lead to misunderstanding between UE and gNB regarding maximum number of configurable CORESETs and search space sets, but also corresponding BD/CCE counting and handling of PDCCH overbooking.  
To summarize, there are two possible interpretations of the current specification:
· Interpretation 1: 
-	The maximum number of search space sets within a DL BWP that can be configured to a UE is 10, including, if any, the search space set(s) which the UE shall not monitor
-	The maximum number of CORESETs within a DL BWP that can be configured to a UE is 3, including, if any, the CORESET(s) without any associated search space set which the UE shall monitor 
· Interpretation 2: 
-	The maximum number of search space sets within a DL BWP that can be configured to a UE is larger than 10, with up to 10 search space sets which the UE shall monitor 
-	The maximum number of CORESETs within a DL BWP that can be configured to a UE is larger than 3, with up to 3 CORESETs with associated search space set(s) which the UE shall monitor
To avoid any possible ambiguity between UE and gNB, RAN1 should clarify which interpretation is taken for determination on the maximum number of configured CORESETs and search space sets. 
In our understanding, interpretation 1 is aligned with the current specifications, and thus if interpretation 1 is taken as the outcome of the clarification, then there is no any impact on the specification. If interpretation 2 is taken as the outcome of the clarification, there is a need to clarify this in TS 38.213. 
1st round discussion
Companies’ view
Based on the online discussion, the following was proposed by Mr. Chairman for the clarification, i.e. capture the following conclusion in the chairman notes without any further specification change. Please comment if you have different view.  

Conclusion
Following is common understanding in RAN1 of existing RAN1 specification:
- The maximum number of search space sets within a DL BWP that can be configured to a UE is 10, including, if any, the search space set(s) which the UE shall not monitor
- The maximum number of CORESETs within a DL BWP that can be configured to a UE is 3, including, if any, the CORESET(s) without any associated search space set which the UE shall monitor 

	Company
	Comment

	MTK
	We support the conclusion and it aligns with current spec to our understanding.

	Qualcomm
	We think the current spec is clear and there must be no misunderstanding on it. The issue of the explicit clarification is that it may cause some deviation from the specifications.

For example, max number of CORESETs within a DL BWP is 3 for many cases but is more than 3 (up to 5) for m-DCI m-TRP. The conclusion (if necessary) should take into account all these enhancements.

Instead, it would be useful and safer just to confirm the common understanding offline, and not having formal conclusion.

	Moderator
	@MTK @ Qualcomm
Thanks for the inputs.  Regarding the issue raised by Qualcomm, we think it is valid. We can modify the conclusion as below:

Conclusion
Following is common understanding in RAN1 of existing RAN1 specification:
· The maximum number of search space sets within a DL BWP that can be configured to a UE is 10, including, if any, the search space set(s) which the UE shall not monitor
· The maximum number of CORESETs within a DL BWP that can be configured to a UE is X, including, if any, the CORESET(s) without any associated search space set which the UE shall monitor, where
· X is 3 if coresetPoolIndex is not provided, or if a value of coresetPoolIndex is same for all CORESETs if coresetPoolIndex is provide
· X is 5 if coresetPoolIndex is not provided for a first CORESET, or is provided and has a value 0 for a first CORESET, and is provided and has a value 1 for a second CORESET

With the above conclusion, we also align the understanding on the following points in my understanding. If there are different views, happy to hear also:
1. It is allowed to configure to a UE a CORESET without any associated search space set to monitor
2. It is allowed to configure to a UE a search space set which the UE shall not monitor

	DCM
	We are fine to have a conclusion and the modified one above is OK for that. Alternatively, conclusion can say simply something as the max configurable number of SSs includes SS which UE does not monitor. (and similar text for CORESET)

	Nokia
	RRC restricts the number of configured SSs per BWP to 10. 

searchSpacesToAddModList 
List of UE specifically configured Search Spaces. The network configures at most 10 Search Spaces per BWP per cell (including UE-specific and common Search Spaces). 

RRC spec and 38.213 10.1 restrict the number of configured CORESETs per BWP to 3.

controlResourceSetToAddModList 
List of UE specifically configured Control Resource Sets (CORESETs) to be used by the UE. The network configures at most as many CORESETs per DL BWP as specified in TS 38.213 [13], clause 10.1. 

For each DL BWP configured to a UE in a serving cell, a UE can be provided by higher layer signalling with P ≤ 3 CORESETs. 

So, in our view the conclusion is not necessary. That said, we do not object to taking a conclusion.

Wrt. the question of whether there can be search space not associated with a CORESET or vice versa, a Search Space IE in RRC needs to refer to a searchSpaceID and to a controlResourceSetID, but it is possible to remove a CORESET or a SearchSpace from UEs configuration before (potentially) adding a new one, creating a situation where there maybe a CORESET without a search space set, or vice versa.


[bookmark: _Ref129681832]
Summary of 1st round discussion
Base on the inputs in section 3.1, the conclusion is modified as below to address the comment raised by Qualcomm: 

Conclusion
Following is common understanding in RAN1 of existing RAN1 specification:
· The maximum number of search space sets within a DL BWP that can be configured to a UE is 10, including, if any, the search space set(s) which the UE shall not monitor
· The maximum number of CORESETs within a DL BWP that can be configured to a UE is X, including, if any, the CORESET(s) without any associated search space set which the UE shall monitor, where
· X is 3 if coresetPoolIndex is not provided, or if a value of coresetPoolIndex is same for all CORESETs if coresetPoolIndex is provide
· X is 5 if coresetPoolIndex is not provided for a first CORESET, or is provided and has a value 0 for a first CORESET, and is provided and has a value 1 for a second CORESET


Some companies expressed that the conclusion is not necessary since it is aligned with the current specification, meanwhile they also mentioned that they can accept taking such a conclusion. I do agree that the conclusion is aligned with the spec, but I think it is also good to take such conclusion to explicitly show what the common understanding is, to avoid any potential future misunderstanding or debate. In addition, the conclusion also makes it clearer that it is allowed to configure to a UE a CORESET without any associated search space set to monitor, and/or a search space set which the UE shall not monitor. 

Conclusions
Based on online discussion on Tuesday, the following conclusion is agreed: 
Conclusion
Interpretation 2 in R1-2405352 is not inline with RAN1 understanding
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