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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1 NR AH#2801, the PDCCH search space design and blind decoding was discussed, with following agreements.
Agreements:
· The maximum number of CORESETs per BWP per cell is 3
· For the 3rd CORESET, i.e., for p=2, Ap=39839.
· Confirm 10 as the maximum number of search space sets per BWP per cell.
Agreements:
· CORESET ID of the CORESET configured by PBCH is 0.
· Search space ID of the search space configured by PBCH is 0.
Agreements:
· A UE can be configured with a search space configuration by UE-specific RRC signaling which includes following:
· CORESET ID (range: 0-11, to indicate which CORESET the search space is mapped to)
· The search space can be associated with any CORESET configuration
· When the CORSET ID is UE-specifically configured to be 0, it is mapped to the one configured by PBCH
· Search space ID (range: 0-39)
· When the search space ID is UE-specifically configured to be 0, it is mapped to the one configured by PBCH
Working assumption:
· At least for case 1-1 and case 1-2, all UE supports channel estimation capability for 48 CCEs for a given slot per scheduled cell
· FFS: cross-carrier scheduling
· FFS: wideband RS
· FFS: overbooking and/or nested structure
· FFS: exceptional case of CCE counting
· FFS: for case 2
Agreements
· For the following previous agreement, N=4
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).
In this contribution, we discuss the remaining issues regarding PDCCH search space and blind decoding, including the following aspects
· Issues related to CORESET 0 and search space 0
· PDCCH blind decoding and UE capability for non-CA
· PDCCH blind decoding and UE capability for CA
· UE behavior for PDCCH blind decoding or channel estimation overbooking
· A text proposal for TS38.213 correction
2. Discussion
2.1 Issues related to CORESET 0 and search space 0
According to the current agreement, a UE may be configured up to 3 CORESETs and up to 10 search spaces per BWP per serving cell. The key different between PDCCH CORESET 0/search space 0 and other CORESET/search space IDs is that CORESET 0/search space 0 is configured by PBCH and not configurable by dedicated RRC. For CORESET 0, UE always uses the CORESET configuration given by the detected PBCH and assumes the CORESET 0 to be QCLed with the detected SS block. 
For UEs before RRC connection, only CORESET 0 and search space 0 is monitored by the UE. If the UE switches the “best SSB” during idle mode mobility, the UE switches the CORESET 0 and search space 0 with the associated PBCH. 
Observation 1: UEs before RRC connection may autonomously switches the SSB due to mobility and thus switches the monitoring of CORESET 0/search space 0 together with the SSB
For UEs after RRC connection setup, network may configure more CORESETs and search spaces but CORESET 0 and search space 0 should not be reconfigured according to the current agreement. UE may be configured to monitor another search space ID>0 on CORESET 0, in this case the UE still uses the CORESET configuration parameter given by PBCH for the monitoring. Similarly as UEs before RRC connection, the “best SSB” seen by UE may also change due to mobility after RRC connection. In such case, the UE behavior for CORESET 0 and search space 0 monitoring during mobility should be clarified.
Alt-1: Similarly as idle mode mobility, UE may autonomously switches the “best SSB” during mobility after RRC connection, and monitors the CORESET 0 and search space 0 associated with the “best SSB” to which the UE currently access. In our understanding, this alternative is in line with the spirit of current agreement on CORESET 0/search space 0 configured only by PBCH. However, this alternative may cause ambiguity between gNB and UE regarding the UE monitoring of CORESET 0 and search space 0, during the UE mobility procedure. 
Alt-2: Different from idle mode mobility, after RRC connection, UE switching of SSB index and the associated CORESET 0/search space 0 is only allowed when indicated by gNB. In this alternative, gNB needs to configure the UE to measure the SSBs using a beam management procedure and obtains the “best SSB” at the UEs side according to the SSB based L1-RSRP reporting. According to the L1-RSRP reporting, gNB may indicates the UE to switch to another SSB and thus monitors the CORESET 0/search space 0 associated with that SSB. This alternative seems to mandate configuring SSB based L1-RSRP from the network side. 
In addition to the above, it should also be discussed whether CORESET 0 /search space 0 can be configured on an Scell for a UE, and if so how to linkage it to an SS block. 
Proposal 1: Discuss and clarify the UE behavior regarding CORESET 0/search space 0 monitoring after RRC connection setup
· Alt-1: Similarly as idle mode mobility, UE may autonomously switches the “best SSB” during mobility, and monitors the CORESET 0 and search space 0 associated with the current “best SSB”.
· Alt-2: Different from idle mode mobility, UE switching of SSB index and the associated CORESET 0/search space 0 is only allowed when indicated by gNB.
Proposal 2: Discuss and clarify whether CORESET 0/search space 0 can be configured on an Scell for a UE and if so how to linkage it to an SS block. 
2.2 Number of blind decodes and UE capability for non-CA
The numerology dependent framework for number of blind decodes has been agreed and the maximum BD numbers per slot per carrier has been agreed for the Case 1, i.e. PDCCH monitoring periodicity of 14 or more symbols, while the maximum BD numbers for mini-slot level PDCCH monitoring periodicity is to be decided. 
In such case, the number of BD per slot can be increased as the search space presents more frequently than in the slot level monitoring case. As proposed offline, learning from the design of LTE sTTI, an up to [86] BDs per slot can be considered as a starting point for UEs configured with mini-slot level monitoring. However, the decision should be made together with the UE capability in terms of maximum supported BD numbers. Different from LTE sTTI which is an optional feature, it would be beneficial to mandatory support mini-slot level PDCCH monitoring in NR, such that low latency can be achievable for all the UEs. In this sense it is necessary to limit the max number of BD for the UEs that support basic mini-slot level operation such that the numbers are the same as in slot level monitoring. 
Additionally an enhanced UE capability can be defined in which case the max number of BD per slot can be larger than the basic. It is proposed that such UE can support double BD numbers per slot than the basic UE capability. 
Proposal 3: Adopt the following table for maximum BD number per slot for mini-slot level monitoring and UE capability. 
	Max no. of PDCCH BDs per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Case 1-1 (slot level monitoring, mandatory)
	44
	36
	22
	20

	Case 1-2
	[44]
	
	
	-

	Case 2-1 (mini-slot level monitoring, mandatory)
	44
	36
	22
	20

	Case 2-2  (mini-slot level monitoring, optional)
	88
	72
	44
	40



2.3 UE blind decoding capability for CA
It has been agreed that the maximum number of PDCCH blind decodes per slot for a UE is defined by two ways:
· For CA with up to N CCs, the maximum number of PDCCH blind decodes is implicitly derived from the number of configured CCs.
· For CA with more than N CCs, the maximum number of PDCCH blind decodes is defined and reported by an explicit UE capability.
Further it was agreed N=4. It should be further clarified the definition of N, which is preferable to be a number of serving cells, not CC since an serving cell may have two CCs or even three CCs if SUL is to be considered.  For UEs capable of and configured with up to N=4 serving cells the maximum number of PDCCH blind decodes can be linearly scaled with N, which means the number of blind decoding can be implicitly derived with N. For UEs capable of and configured with more than N=4 serving cells, the power consumption would be an issue if the blind decoding number always scales linearly with the number of aggregated serving cells. In this case, it is desirable to consider the blind decoding number to be sub-linearly scaled with the aggregated serving cells, the exact number can be defined and reported by an explicit UE capability
[bookmark: _Ref498728545]Proposal 3: In CA, the UE supported maximum number of PDCCH blind decoding per slot (Y) is determined by the maximum number of PDCCH blind decoding per slot in non-CA (X) and the aggregated number of serving cells N
· For N<= 4, Y is implicitly derived based on X and N, i.e. Y= X*N
· For 4<N<=16, Y =α*X *N, where  0<α<1, andα is defined and reported as an explicit UE capability. 
2.4 UE behavior for PDCCH blind decoding and/or channel estimation overbooking
According to the above discussion, each UE will have a PDCCH monitoring capability in terms of maximum number of blind decoding per slot and maximum number of channel estimations per slot (which is 48). Currently the specification allows network to configure up to 3 CORESETs and 10 search spaces on top of the CORESETs for each active BWP. The configured CORESETs can be non/partially/fully overlapped with each other using the same or different QCL configured by the network. For each configured search space, the monitoring periodicity, DCI formats, aggregation levels and number of candidates per aggregation level can be configured with full flexibility. Therefore it is up to gNB to make sure that the configuration does not result in number of PDCCH blind decoding and/or channel estimation per slot to exceed the relevant UE capability. 
However, in practice it would be beneficial for gNB to slightly overbook the PDCCH monitoring capability in some monitoring occasions, in order to full utilize the UE monitoring capability in all occasions as much as possible. As an example shown in figure 1, UE is configured with 1 UESS and two CSSs and UESS is monitored per slot. CSS 1 is configured with 2-slot monitoring periodicity for fall back DCI monitoring, and CSS 2 is configured with 8-slot monitoring periodicity for DCI format 2_0 and SFI RNTI. Therefore in order to avoid unnecessary underutilization of UE blind decoding capability in all monitoring occasions, gNB may decides to configure more blind decoding in the occasions where the 3 search space collides, i.e. 48 blind decodes in those slots. In these monitoring occasions, UE is allowed to drop some blind decoding such that UE capability is not exceeded. In our view, a simple dropping rule can be specified for this case.
· UE keeps the blind decoding number for CSSs (assuming Ncss is the number of CSS BD within the slot) and drops some blind decoding in USS
· All the USSs are considered as the same priority and UE equally drops some blind decodes in each USS
· In a slot, assuming N is the number of blind decodes per slot determined by UE capability and Nuss is the total number of USS blind decodes configured for the slot (Ncss+Nuss>N). For a USSi (0<=i<=9) configured with number of blind decoding of Xi for the same slot, UE performs floor [Xi *(N-Ncss/Nuss)] blind decodes and drops Xi-floor [Xi *(N-Ncss/Nuss)] blind decodes from the lowest aggregation level to the higher aggregation level. For each USS, at least Xmin blind decodes shall be kept after dropping. 
Besides the PDCCH blind decoding, the overbooking issue may also considered for UE PDCCH channel estimation capability, a common solution can be considered for both cases, i.e. using the BD dropping rule as discussed above. 
[image: ]
Figure 1 An example of PDCCH blind decoding overbooking
[bookmark: _Ref498770388]Proposal 4: Simple blind decoding dropping rules should be specified to handle the case with overbooked PDCCH blind decoding and channel estimation capability.
· UE keeps the blind decoding number for CSSs (assuming Ncss is the number of CSS BD within the slot) and drops some blind decoding in USS
· All the USSs are considered as the same priority and UE equally drops some blind decodes in each USS
· In a slot, assuming N is the number of blind decodes per slot determined by UE capability and Nuss is the total number of USS blind decodes configured for the slot (Ncss+Nuss>N). For a USSi (0<=i<=9) configured with number of blind decoding of Xi for the same slot, UE performs floor [Xi *(N-Ncss/Nuss)] blind decodes and drops Xi-floor [Xi *(N-Ncss/Nuss)] blind decodes from the lowest aggregation level to the higher aggregation level. For each USS, at least Xmin blind decodes shall be kept after dropping. 
2.5 Text proposals for section 10 of 38.213
It is proposed to agree on the following text proposals for some specification errors of 38.213:

[bookmark: _Toc501054899][bookmark: _Ref491451763][bookmark: _Ref491466492]10.1	UE procedure for determining physical downlink control channel assignment 

<   Text proposal 1  >
	



[bookmark: _GoBack]For each DL BWP configured to a UE in a serving cell, a UE can be provided by higher layer signalling provides a UE with  control resource sets where. For control resource set ,  where a UE-specific search space, a  Type 12-PDCCH common search space, or a Type3-PDCCH common search space is mapped, the higher layer signalling provides:
-	a control resource set index by higher layer parameter CORESET-ID;
-	a DM-RS scrambling sequence initialization value by higher layer parameter PDCCH-DMRS-Scrambling-ID;
-	a number of consecutive symbols provided by higher layer parameter CORESET-time-duration; 
-	a set of resource blocks provided by higher layer parameter CORESET-freq-dom;
-	a CCE-to-REG mapping provided by higher layer parameter CORESET-CCE-to-REG-mapping-type;
-	a REG bundle size, in case of interleaved CCE-to-REG mapping, provided by higher layer parameter CORESET-REG-bundle-size;
-	a cyclic shift for the REG bundle interleaver [4, 38.211] by higher layer parameter CORESET-shift-index; 
-	an antenna port quasi co-location, from a set of antenna port quasi co-locations provided by higher layer parameter TCI-StatesPDCCH, indicating quasi co-location information of the DM-RS antenna port for PDCCH reception;

-	an indication for a presence or absence of a transmission configuration indication (TCI) field for DCI format 1_0 or DCI format 1_1 transmitted by a PDCCH in control resource set , by higher layer parameter TCI-PresentInDCI.



Reason for the change: According to the following agreement after RAN1#90bis, it should be the Type1-PDCCH for random access that can be specifically configured by higher layer signalling, not the Type2-PDCCH.
	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.



3. Conclusion
In the contribution, we discussed the remaining details on PDCCH search space. Based on these discussions, we propose that,
Proposal 1: Discuss and clarify the UE behavior regarding CORESET 0/search space 0 monitoring after RRC connection setup
· Alt-1: Similarly as idle mode mobility, UE may autonomously switches the “best SSB” during mobility, and monitors the CORESET 0 and search space 0 associated with the current “best SSB”.
· Alt-2: Different from idle mode mobility, UE switching of SSB index and the associated CORESET 0/search space 0 is only allowed when indicated by gNB.
Proposal 2: Discuss and clarify whether CORESET 0/search space 0 can be configured on an Scell for a UE and if so how to linkage it to an SS block. 
Proposal 3: In CA, the UE supported maximum number of PDCCH blind decoding per slot (Y) is determined by the maximum number of PDCCH blind decoding per slot in non-CA (X) and the aggregated number of serving cells N
· For N<= 4, Y is implicitly derived based on X and N, i.e. Y= X*N
· For 4<N<=16, Y =α*X *N, where  0<α<1, andα is defined and reported as an explicit UE capability. 
Proposal 4: Simple blind decoding dropping rules should be specified to handle the case with overbooked PDCCH blind decoding and channel estimation capability.
· UE keeps the blind decoding number for CSSs (assuming Ncss is the number of CSS BD within the slot) and drops some blind decoding in USS
· All the USSs are considered as the same priority and UE equally drops some blind decodes in each USS
· In a slot, assuming N is the number of blind decodes per slot determined by UE capability and Nuss is the total number of USS blind decodes configured for the slot (Ncss+Nuss>N). For a USSi (0<=i<=9) configured with number of blind decoding of Xi for the same slot, UE performs floor [Xi *(N-Ncss/Nuss)] blind decodes and drops Xi-floor [Xi *(N-Ncss/Nuss)] blind decodes from the lowest aggregation level to the higher aggregation level. For each USS, at least Xmin blind decodes shall be kept after dropping.
Proposal 5: Adopt the text proposal in section 2.5 for TS38.213 correction. 
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