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Introduction
In this contribution, we will discuss the following remaining topics of DL control  
· TCI state for CORESET#0, in RAN1 #93 after long offline discussion five alternative were identified (see Appendix). However, no official agreement was reached. In this contribution we will discuss these options and state our preference.  
· BD capabilities in CA
· Response to LS R2-1810968 on SI and paging monitoring 
CORESET#0 configurations and TCI state 
CORESET#0 and SS#0 are configured to a NSA UE in IE pdcch-ConfigCommon by 4 and 4 bits as signalled in MIB, and define its location and QCL with respect to CD-SSB burst.
The NSA UE chooses a beam of its choice when performing random-access. In general, a UE in IDLE or inactive mode may choose beam of its own choice. On the other hand, in RRC connected mode, the following RAN1#93 agreement defines the UE’s behaviour. 
	  Agreements (93):
Update previous agreements as follows:
· NW and UE maintain the same understanding on SSB/CORESET#0/SS#0 in connected_mode at least for non-broadcast PDCCH and for broadcast PDCCH
· Solutions FFS
· For the broadcast PDCCH, it is up to UE which common search space to monitor based on which SSB in both connected, in-active, and idle modes
· Unicast PDSCH can be scheduled by a DCI associated with the CORESET #0



The above agreement carries two main messages:
· unicast and broadcast in connected mode are delivered using the same beam at a given time
· unicast can be scheduled in CORESET#0

[bookmark: _GoBack]When analyzing the proposed alternatives summarized in Appendix, for Alternative 1 and 1’ new TCI state for CORESET#0 would have to be introduced in RAN2. With Alternative 2, MAC-CE would have to be redesigned to enable direct SSB indication for CORESET#0. In more detail, 6.1.3.15 of TS38.321 there would have to be alternative interpretation of TCI State ID if CORESET ID field is set to 0. The structure of the command is shown in Figure 1. Both alternatives (1 and 2) having impact on RAN2 specification. On the other hand, the Alternative 3 and 3’ would revert previous RAN1 agreement (from RAN1#92b and already modified in RAN1#93, as seen above) saying that unicast can be scheduled in CORESET#0. In alternatives 3, a CORESET#1 would need to be configured for unicast. However, Alternative 3 and 3’ can operate with current RAN2 specification. 


Figure 1 TCI State Indication for UE-specific PDCCH MAC CE
Observation-1: Alternatives 3 or 3’ have no impact on RAN2 specification. 
If RAN1 preference is to ask RAN2 for changes in RAN2 specification, we prefer Alt1’ which is according to the RAN1#93 agreement and treats CORESET#0 as any other CORESET. Otherwise, RAN1 shall adopt Alternative 3 or 3’.  
Proposal-1: If RAN1 decides to ask RAN2 for changes in RAN2 specification, RAN1 shall recommend Alt 1’, otherwise RAN1 shall adopt Alternative 3 or 3’. 
When selecting between Alternative 3 and 3’, the difference is whether CORESET#0 and CORESET#1 are aligned in 6PRB grid by default or not. As pointed out in previous meeting, by carefully selecting point A, the grids of CORESET#0 and other CORESETs can be aligned by implementation. On the other hand, with two CD-SSBs serving as Pcell operating on the same network carrier grid, a single point A aligning CORESET grids in both cells is infeasible to find, unless CORESETs#0 are multiple of 6PRB apart. The position of CORESET#0 depends on position of SSB (after PRB allignment) and offset from the lowest PRB of SSB. The restricted position of CD-SSB is given by the sync raster, which has granularity of  
· ~6.7 SCs, 15 SCs or 80 SCs for 15kHz, ~3.3 SCs, 30 SCs or 40 SCs for 30kHz in spectrum of 0-3GHz
· 4PRB for 30kHz and 1PRB for 120kHz in spectrum of 3-24GHz
· 12PRB for 120kHz in spectrum of >24GHz

and CORESET#0 offsets to lowest SSB PRB have limited set of RB values (see sub-clause 13 of TS38.213). This resulting in large implementation restrictions on where the CD-SSBs could be placed. On the other hand, if CORESET grid would be aligned to CORESET#0 of the CD-SSB, the CORESETs of each serving cell would be aligned, CORESET of different cell would be misaligned, but the cells could have the same point A.  
Proposal-2: NR CORESET’s 6PRB grid is aligned with the PRB0 of CORESET#0 instead of Point A.
Open issues on search-space design
Specification corrections 
The first correction stems from the fact that overbooking is supported on Pcells, and therefore, UE is expected to be configured with more than the maximum limit. However, UE is not expected to monitor more than the maxim limit in a given slot. Therefore, the following wording shall be adopted. 
TS38.213 Sub-clause 10
	When the UE is configured for carrier aggregation operation over more than 4 cells, the UE is not expected to be configured with monitor a number of PDCCH candidates to monitor per slot that is larger than the maximum number. 



The second correction is editorial, because it is unclear what is “the location” of a search-space.
TS38.213 Sub-clause 10
	For all search space sets within a slot [image: ], denote by [image: ] a set of common search space sets in a corresponding set [image: ] of control resource sets with cardinality of [image: ] and by [image: ] a set of UE-specific search space sets in a corresponding set [image: ] of control resource sets with cardinality of [image: ]. The location of UE-specific search space sets [image: ], [image: ], in [image: ] are ordered is according to an ascending order of the search space set index [image: ]. 




The third correction is editorial and clarifies the intention of the sentence.
TS38.213 Sub-clause 10
	The UE allocates monitored PDCCH candidates to UE-specific search space sets of the primary cell with subcarrier spacing configuration [image: ] in slot [image: ] according to the following pseudocode. A UE is not expected to monitor PDCCH in a UE-specific search space set without allocated monitored PDCCH candidates.




Open issues on BD and CCE capabilities in CA
Cross-carrier scheduling 
The status of agreements on BD and CCE capabilities can be summarized in Table 1  
Table 1 Standardization status of BD and CCE capabilities for CA
	UE CCE and BD capability for CA
 (T denotes configured cells, y denotes BD-capability)
	T<=4
	4<T<=y
	T>y

	Self-scheduling and same numerology
	Agreed
	Agreed
	Agreed

	Self-scheduling and different numerology
	Agreed
	Agreed
	WA

	Cross-scheduling and same numerology
	Agreed
	Agreed
	Agreement 
missing 

	Cross-scheduling and different numerology
	agreement
missing
	agreement
missing
	agreement
missing



For the last row of the Table 1, the first issue is how to determine the numerology to determine limits, based on numerology of scheduled or scheduling cell. When scheduling from lower SCS to higher SCS, the processing time-line for scheduled PxSCH is the limiting factor, the BD and CCE limit should be determined by scheduled serving cell. On the other hand, when scheduling from higher SCS to lower SCS there is plenty of time for processing of PxSCH, the BD and CCE limits should be determined by scheduling serving cell instead.

Proposal-3: For CA with cross-carrier scheduling, the BD and CCE limit for the cross-SCS scheduled cell is determined by active numerology of the 
· scheduled serving cell when being scheduled form a lower SCS cell
· scheduling serving cell when being scheduled from a higher SCS cell 

Second issue of cross-carrier scheduling is related to searchSpaceSharingCA-DL capability. It was agreed in Reno 2017 that if UE indicates capability of PDCCH candidate sharing, then gNB may transmit self-scheduling DCIs and cross-scheduling DCIs on the configured original search-space-set (with offset 0) for self-scheduling as well as on the version shifted by non-zero offset for cross-scheduling. 
If searchSpaceSharingCA-DL is not indicated by UE, then the agreements and WA from self-scheduling can be followed. If searchSpaceSharingCA-DL is indicated, should PDCCH candidates be counted twice for each serving cell or only once? From DCI decoding point of view, UE performs only one BD per each candidate. And, UE needs to perform two DCI “prunings” for detected PDCCH, one for self-scheduled cell and one for cross-scheduled cell. Therefore, if UE indicated searchSpaceSharingCA-DL, it should be capable of performing joint BD algorithm for both self-scheduled and cross-scheduled serving cell, and thus we think that PDCCH candidates should be counted only once in each serving cell. As consequence, the self-scheduling agreements in TAB1 should be applicable also for cross-carrier scheduling irrespective of searchSpaceSharingCA-DL. 
Proposal-4: In case of cross-carrier scheduling, only the PDCCH candidate of the search-space with offset corresponding to a serving cell are counted in the serving cell BD and CCE limits. 
Observation-2: As a consequence of above proposal, the set of agreements related to CA BD and CCE in Table 1 restricted to self-scheduling can be generalized to cross-carrier scheduling. 


BD/CCE capability in CA and BWP adaptation:
In RAN1#93, WA on difficult CA case where capability y is smaller than number of configured serving cells T (T>y). And it was not clear how this WA interacts with BWP adaptation.
Agreements:
· For UE BD capability reporting y = integer(4, …, 16), at least for self-scheduling,
· For UE not supporting CA with different numerologies, the reported value equally applies to all numerologies
· (Working assumption) For UE supporting CA with different numerologies, 
· When the UE is configured with CA with the same numerology, the reported value applies
· When the UE is configured with CA with different numerologies, the reported value applies to each set of DL-CCs with the same numerology, i.e.:
· If a UE is configured with DL-CCs of X0, X1, X2, X3, where Xi denotes the number of DL-CCs with the numerology i, the limit total number of (BDs or CCEs) for the DL-CCs with the numerology i is given by Floor{Xi / (X0 + X1 + X2 + X3) * (Mi or Ni) * y} per slot of the numerology i
· Where Mi and Ni represent the number of BDs and CCEs per slot specified for non-CA case, respectively
· Note: some of the values of Xi may be zero depending on the CA configuration
· For each CC, the non-CA limit still applies
· FFS the impact of BWP, if any

For BWP features 6-1, 6-2 and 6-3, configured dedicated BWP(s) of a serving cell are of the same numerology while initial BWP can be of different numerology. In 6-4, also dedicated BWP can be configured with different numerology. In mandatory feature 6-1, BWP can be changed only by RRC reconfiguration, therefore there is no impact from dynamic switching. However, in the other features, active numerology of a serving cell can change dynamically. We see two alternatives how to determine BD limits:
· Alt1: Determination based on active numerology, the BD/CCE limit per SCS group will dynamically change on slot bases.
· Alt2: The numerology of serving cell for BD/CCE limit is determined by the BWP with the lowest configured SCS in the serving cell. The BD/CCE limits of other BWP of the serving cell are linearly scaled down and rounded.  

On one hand, following the spirit of the above Working assumption, Alt1 would be more optimal choice. On the other hand, dynamic change of BD limits would be difficult to implement, unless gNB configures the same number of BDs to all BWPs of cells of the given SCS. Furthermore, mixed numerology deployment can be achieved by configuring two serving cells, each serving cell with BWPs of the same numerology. Therefore, not optimizing the capability signalling for mixed numerology in a serving cell would be acceptable to us, and we therefore propose the Alt2.
Proposal-5: A numerology of serving cell for BD/CCE limit is determined by the BWP with the lowest configured SCS in the serving cell. The BD/CCE limits of other BWP of the serving cell are linearly scaled down and rounded.  
Response to RAN2 LS on CORESET#0 monitoring
In this section, we will try to address the issue #2 RAN2 LS [1] and the two corresponding questions:
Issue #2: For an active DL BWP that overlaps with neither the initial DL BWP nor with the SS/PBCH block associated to the initial DL BWP (from now on: "non-overlapping" active DL BWP), RAN2 understands that additional CORESET/search space(s) need to be configured in the active DL BWP to provide SI broadcast and paging to a connected UE. What is not clear is whether an SS/PBCH block necessarily needs to be associated to the additional CORESET/search space(s) and, specifically, if a UE needs to monitor such SS/PBCH block.
Note that, at least for Rel-15, RAN2 has agreed that - for all purposes apart from RRM measurements - a UE will only be configured with a single SS/PBCH block, i.e. the one associated to the initial DL BWP. So RAN2 discussed whether, in a "non-overlapping" active DL BWP, broadcast transmission of SI/paging could be spatially QCL'ed with the SS/PBCH block associated to the initial DL BWP and if the UE could monitor such SS/PBCH block for this purpose. In fact, based on previous agreements, RAN2 assumes that, in a "non-overlapping" active DL BWP, a UE will be required to monitor the SS/PBCH block associated to the initial DL BWP only for RRM measurements (potentially using gaps), but not for BM, BFD, RLM (with the possible exception of the scenario covered by Issue#1, for which RAN2 is seeking answer). Whether the UE could monitor such SS/PBCH block also for receiving SI broadcast and paging is unclear. 
Question #2a: In a "non-overlapping" active DL BWP, does a UE necessarily need to monitor an SS/PBCH block associated to the additional CORESET/search space to be able to receive SI broadcast? If yes, could this be the SS/PBCH block associated to the initial DL BWP? And under which conditions, if any, could the UE monitor it for this purpose?
[Proposed RAN1 answer]: If UE supports feature 6-1a (“non-overlapping” active BWP) then “BW of a UE-specific RRC configured BWP may not include BW of the initial DL BWP and SSB for PCell/[PScell] and BW of BWP may not include SSB for SCell”. This means that UE supporting feature 6-1a does not need to monitor SSB/PBCH block outside of active BWP to maintain sync. RAN1 assumes that RRC-connected UE monitors for DCI with SI-RNTI on each active DL BWP of a Pcell, if paged to do so. RAN1 also assumed that if configured SearchSpace is common search space, then UE monitors for DCI format 0_0 and DCI format 1_0 with CRC scrambled by a C-RNTI or a CS-RNTI (if configured), RA-RNTI, TC-RNTI, P-RNTI, SI-RNTI. To summarize, UE supporting feature 6-1a (“non-overlapping” active BWP) does not have to monitor an SS/PBCH block associated to the additional UE-specific RRC configured CORESET/search space on a UE-specific RRC configured “non-overlapping” BWP to be able to receive SI broadcast.
Question #2b: In a "non-overlapping" active DL BWP, does a UE necessarily need to monitor an SS/PBCH block associated to the additional CORESET/search space to be able to receive paging? If yes, could this be the SS/PBCH block associated to the initial DL BWP? And under which conditions, if any, could the UE monitor it for this purpose?
[Proposed RAN1 answer]: From RAN1 perspective, every BWP on a Pcell contains CSS for monitoring P-RNTI. Therefore, RAN1 assumes that common search-space for P-RNTI is configured in all BWPs of a Pcell. In other words, UE supporting feature 6-1a (“non-overlapping” active BWP) does not have to monitor an SS/PBCH block associated to the additional UE-specific RRC configured CORESET/search space on a UE-specific “non-overlapping” RRC configured BWP to be able to receive paging.
Proposal-6: Send LS to RAN2 with the above proposed answers.
	Conclusions
In this contribution, we have discussed remaining details of R15 NR PDCCH design. Based on the discussion, we make the following proposals and observations:
TCI state of CORESET#0
[bookmark: _Hlk505720451]Observation-1: Alternatives 3 or 3’ have no impact on RAN2 specification. 
Proposal-1: If RAN1 decides to ask RAN2 for changes in RAN2 specification, RAN1 shall recommend Alt 1’, otherwise RAN1 shall adopt Alternative 3 or 3’. 
Proposal-2: NR CORESET’s 6PRB grid is aligned with the PRB0 of CORESET#0 instead of Point A.
BD and CCE limits in CA

Proposal-3: For CA with cross-carrier scheduling, the BD and CCE limit for the cross-SCS scheduled cell is determined by active numerology of the 
· scheduled serving cell when being scheduled form a lower SCS cell
· scheduling serving cell when being scheduled from a higher SCS cell 
Proposal-4: In case of cross-carrier scheduling, only the PDCCH candidate of the search-space with offset corresponding to a serving cell are counted in the serving cell BD and CCE limits. 
Observation-2: As a consequence of above proposal, the set of agreements related to CA BD and CCE in Table 1 restricted to self-scheduling can be generalized to cross-carrier scheduling. 
Proposal-5: A numerology of serving cell for BD/CCE limit is determined by the BWP with the lowest configured SCS in the serving cell. The BD/CCE limits of other BWP of the serving cell are linearly scaled down and rounded.  
Answer to RAN2 LS [1]
Proposal-6: Send LS to RAN2 with the above proposed answers.
References 
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	Appendix

Alt-1:
Clarify that broadcast PDCCH uses selected SSB as QCL source for receiving broadcast data and that configured TCI states for CORESET #0 are used for reception of unicast data scheduled by PDCCH on search spaces other than SS#0
Pros: Flexibility in TCI state configuration on CORESET #0 only for unicast PDCCH without impacting broadcast PDCCH.
Cons: Need to address UE behaviour for the case of overlap of monitoring occasion for broadcast PDCCH and for unicast PDCCH associated to the CORESET #0 at one time. Effective number of CORESETs the UE has to dimension increases. [Unicast PDCCH cannot be transmitted on SS#0.]
Supported by: Ericsson, ZTE, Huawei, HiSilicon, 
Objected by: Qualcomm, 

Alt-1’:
TCI state can be configured for CORESET #0 where the QCL reference is only an SSB. Once TCI state is configured for CORESET #0, the UE follows QCL assumption based on the TCI state configuration for both broadcast PDCCH and unicast PDCCH in the search space set(s) associated with the CORESET #0
Pros: Flexibility in TCI state configuration on CORESET #0 for both unicast PDCCH and broadcast PDCCH.
Cons: Since PDCCH and PDSCH share TCI state pool, configuring many SSBs in the TCI state pool reduces flexibility of configuring CSI-RS(s) in the TCI state pool.
Supported by: Vivo, LGE, 
Objected by: Samsung, ZTE, Qualcomm, 

According to the RAN2 LS, the new CORESET#0 signalling does not contain TCI state configuration. Therefore, if we go with Alt.1 or Alt.1’, RRC signalling should be designed such that TCI state configuration for CORESET #0 is available.

Alt-2:
CORESET #0 is not RRC configured with TCI states.
According to the agreement above, the selected SSB is used as the QCL reference for reception of both broadcast and unicast PDCCH transmitted in CORESET #0.
The selected SSB is indicated explicitly to the UE by MAC-CE signalling. The MAC-CE message contains the ID of the selected SSB. The selected SSB is the most recent one between MAC-CE and SSB selected as part of CBRA or CFRA.
Pros: No RRC signalling is needed. 
Cons: Need MAC-CE signalling design (new MAC-CE message or modification of existing MAC-CE message). Configuration limitation on TCI state pool for CORESET#0 to schedule unicast PDSCH using fallback DCI due to lack of TRS. [TCI field in DCI format 1_1 is per CORESET configuration; if no RRC configuration is available, PDSCH scheduled by DCI format 1_1 in a search space associated with the CORESET #0 always use the selected SSB.]
Supported by: CMCC, Samsung, Qualcomm, 
Objected: Ericsson, vivo, 

Alt-3:
Any search space associated with the CORESET #0 cannot be used for unicast PDCCH with QCL Type D after RRC connection is established.
Pros: Resolve the issue without RRC/MAC impact.
Cons: Need to supersede the previous agreement. Lack of the number of CORESETs. [TCI field in DCI format 1_1 is per CORESET configuration; if no RRC configuration is available, PDSCH scheduled by DCI format 1_1 in a search space associated with the CORESET #0 always use the selected SSB.]
Supported by: Vivo, Nokia, NSB, Intel, CMCC, 
Objected by: LGE, Samsung, Qualcomm, ZTE, 

Alt-3’:
Any search space associated with the CORESET #0 cannot be used for unicast PDCCH with QCL Type D after RRC connection is established. Align 6 PRB grid b/w CORESET #0 and other CORESETs. CORESET other than #0 can be configured for unicast PDCCH so that same physical resource configuration with the CORESET #0 with dedicated TCI-state configuration. In this case, no need to configure TCI state on CORESET #0 itself.
Pros: Resolve the issue without RRC/MAC impact.
Cons: [Complete alignment b/w CORESET#0 and dedicated CORESETs is impossible taking into account multiple SSBs over the frequency.] Need to address UE behaviour for the case of overlap of monitoring occasion for broadcast PDCCH and for unicast PDCCH associated to the CORESET #0 at one time. [TCI field in DCI format 1_1 is per CORESET configuration; if no RRC configuration is available, PDSCH scheduled by DCI format 1_1 in a search space associated with the CORESET #0 always use the selected SSB.]
Supported by: Nokia, NSB, 
Objected by: Qualcomm, LGE, Samsung,

Note:
· Regardless of alternatives, for CFRA, RACH-ConfigDedicated configures one or more of SSB(s) or CSI-RS(s) to configure PRACH preamble/resource, then the selected SSB/CSI-RS will be the QCL reference for the new CORESET #0 after the CFRA.
· Regardless of alternatives, the SSB is selected by the UE for CORESET#0 after the CBRA.
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