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1 Introduction
The following were agreed and concluded in RAN1#94 [1]. 
Agreements:

· PDCCH BD/CCE counting is only based on the configured PDCCH decoding candidates (i.e., irrespective of whether or not a PDCCH decoding candidate is dropped, e.g., due to collision with other channels/signals)
· Check further offline on potential spec impact

Conclusion:

· No new RRC signaling for TCI-state configuration for the CORESET#0 is introduced.

· No new MAC-CE for TCI-state indication for the CORESET#0 is introduced.

· FFS: Whether the existing RRC configuration and/or existing MAC-CE field can be used to configure/indicate dedicated TCI-state or SSB index for the CORESET#0

· FFS: Whether/how to support BFR for the CORESET#0

Conclusion:

· The following is RAN1’s common understanding (no spec impact):

· For initial DL BWP of the PCell, PDCCH-ConfigCommon is provided by SIB1, and for other DL BWPs, PDCCH-ConfigCommon is provided by dedicated RRC signaling. For a SCell, PDCCH-ConfigCommon for any DL BWP is provided by dedicated RRC signalling. Then, PDCCH-ConfigCommon other than the initial DL BWP can be different from the PDCCH-ConfigCommon provided by SIB1. However, PDCCH-ConfigCommon has a description “The IE PDCCH-ConfigCommon is used to configure cell specific PDCCH parameters provided in SIB as well as during handover and PSCell/SCell addition”. RAN1 view is that the PDCCH-ConfigCommon can be provided by dedicated RRC signalling also for each DL BWP of any cell including the PCell.

· searchSpaceSIB1, searchSpaceOtherSystemInformation, paging-SeachSpace, and ra-SeachSpace can be associated with controlResourceSetZero or commonControlResourceSet in the PDCCH-ConfigCommon, or can be associated with controlResourceSet configured in the PDCCH-Config. However, the current description of commonControlResourceSet does not allow association to the searchSpaceSIB1, searchSpaceOtherSystemInformation, and paging-SeachSpace. Moreover, it is not clear whether searchSpaceSIB1, searchSpaceOtherSystemInformation, paging-SeachSpace, and ra-SeachSpace can be associate with controlResourceSet in the PDCCH-Config. RAN1’s understanding is that these are possible.

· After RRC connection setup, UE monitors common search space(s) based on the search space configuration(s) provided by PDCCH-ConfigCommon (which are Type0/0A/1/2-PDCCH common search spaces) and by PDCCH-Config (which is Type3 PDCCH-common search space).

· If a UE is configured to monitor DCI format 0_0/1_0 in a CSS in the SearchSpace of the PDCCH-Config on the PCell, the UE monitors all the RNTIs that UE is configured to monitor, based on the SearchSpace configuration.
Agreements:

RAN1#93 agreements are updated as follows (to cover Case 5):

· For self-scheduling with same numerology or for cross-carrier scheduling with the same numerology for all the DL serving cells, and the number of DL-CCs is more than 4 and with up to T DL-CCs where the UE reports BD capability of y < T, the limit of BDs/CCEs per CC per slot is

· The total number of BDs/CCEs across CCs is based on UE BD capability. It can be split across CCs, subject to the non-CA limit on each CC.
· For SCell, NW ensures no overbooking based on non-CA case occurs. For cross-carrier scheduling, BDs/CCEs overlapped across DL serving cells are independently counted (i.e., counted per serving cell).
Agreement

Concerning the questions in RAN2 LS (R1-1808166) on BFR

Question 1: After UE sending PRACH for contention-free BFR, does the UE continue monitoring PDCCH candidates in configured search spaces monitored before PRACH, in addition to the search space indicated by recoverySearchSpaceId?

· RAN1 repsonse: Yes, all configured search spaces before dedicated BFR PRACH transmission for BFR are monitored

Question 2: If the answer to Question 1 is “Yes”, is the BFR RACH procedure considered successfully completed only if PDCCH is received in search space indicated by recoverySearchSpaceId?

· RAN1 repsonse: Yes, only when a PDCCH transmission addressed to C-RNTI is received on the search space indicated by higher layer parameter recovoerySearchSpaceId, i.e., SS-BFR, UE considers a contention-free BFR procedure is successfully terminated

Response LS to RAN2 is endorsed in R1-1809887
This contribution considers remaining issues on PDCCH.
2 Remaining issues on PDCCH and search space
2.1 Limit of BDs/CCEs
The numerology of a CC follows the numerology of the activated BWP of the CC. Therefore, it is a natural choice to determine the total limit of BDs/CCEs for the cells based on the SCS of the activated DL BWPs of the cells. One remaining minor issue is the determination of the number of BDs/CCEs a UE is expected to handle during BWP switching time. The number of BDs/CCEs can be based on the SCS of either the old BWP or the new BWP – for the purposes of determining the number of BDs/CCEs among cells, the SCS of the old BWP can remain applicable until the new BWP is activated. For DCI-based BWP switching, an error case can occur when the UE fails to detect the DCI format and the old and new BWPs use different SCS. There can be a misunderstanding between the gNB and the UE of the number of PDCCH candidates until the error is resolved (e.g. the gNB receives associated HARQ-ACK). However, BWP switching is not expected to be a frequent event, the impact on throughput is expected to be minimal as the probability for missed DCI format detection and subsequent HARQ-ACK error is small and can even be avoided by the gNB using PDCCH candidates and search space sets with lower indexes for the UE during that short time period. One case that requires separate consideration is NR-NR DC – this is discussed later.
Proposal 1: At least when the UE is not configured for NR-NR DC operation, the total limit of BDs/CCEs for a cell is determined based on the SCS of the activated BWP of the cell.
Currently the limit of BDs/CCEs, 
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 cells with SCS configuration μ. It is still open how to determine the limit of BDs/CCEs when there are both self-scheduling cells and cross-scheduling cells. Figure 1 shows an alternative for this case. According to figure 1, the limit of BDs/CCEs defined per SCS as before and then the limits of BDs/CCEs per cell group can be determined as below:
1) The limit of BDs/CCEs per SCS (
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3) The limit of BDs/CCEs per cell group is determined by 
A. For l-th cross-scheduling cell group, determines
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 where Ncross is the set of scheduled cells by a scheduling cell.
B. For self-scheduling cell group, determines 
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where K is the number of cross-carrier scheduling cell groups.

Above approach can be directly expended to the case of cross-carrier scheduling with mixed numerology in the future.
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Figure 1. Limit of BDs/CCEs in case of coexistence of self-scheduling cell group and cross-scheduling cell group
Proposal 2: When there are self-scheduling cell groups and cross-carrier scheduling cell groups, the limit of BDs/CCEs can be determined as below:
1) The limit of BDs/CCEs per SCS (
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[image: image10.wmf]i

M

c,

 

,

PDCCH

m

) is determined.

3) The limit of BDs/CCEs per cell group is determined by 

A. For l-th cross-scheduling cell group, determines
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B. For self-scheduling cell group, determines 
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where K is the number of cross-carrier scheduling cell groups.

2.2 PDCCH Candidates for NR-NR DC
Support for NR-NR DC in Rel-15 was recently agreed and the specifications do not yet describe the number of PDCCH candidates or non-overlapping CCEs the UE is expected to monitor for NR-NR DC. Considering for example the case that a UE indicates a capability to monitor PDCCH candidates for 
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, the UE is expected to monitor a total of 
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 PDCCH candidates for DCI formats with different size and/or different corresponding DM-RS scrambling sequences per slot over the 
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. Then, the issue is how do the master node (MN) and the secondary node (SN) know how many PDCCH candidates (and, similar, non-overlapping CCEs) the UE is expected to monitor on their cells. 
A first approach is for the MN to divide 
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. This requires backhaul signaling from the MCG to the SCG and RRC signaling to the UE for the value of 
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A second approach that avoids RRC signaling to the UE is for the MN and the SN to exchange the values of 
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. The UE can treat all cells as if they are in a same CG for determining a number of PDCCH candidates or non-overlapping CCEs that the UE is expected to monitor on a cell with SCS configuration 
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An issue with the second approach is whether the SCS of the active DL BWP is used as reference for a cell. As the MN cannot know BWP switching on cells of the SN (and the reverse), having the active DL BWP providing the SCS reference for a cell can be problematic. Alternative options are to use the SCS for the BWP indicated by firstActiveDownlinkBWP, or the SCS for the BWP with the smallest index, and so on – basically, to have some RRC configured BWP provide the SCS reference for the cell.  

A third approach is to limit the total number of cells a UE can be configured in case of NR-NR DC in Rel-15 to no more than 4. This is of course the simplest solution but still requires signaling to coordinate among nodes for the SN to know the maximum number of cells it can configure to a UE (unless a hard number such as 2 is specified) and requires the restriction on the maximum number of cells that can be supported by NR-NR DC deployments in Rel-15. 

As RAN2 is currently discussing inter-node signaling for NR-NR DC, RAN1 should resolve how to partition BDs/CCEs among nodes for NR-NR DC and, if necessary, send an LS to RAN2. The second approach is preferred as it avoids RRC signaling to the UE and does not restrict deployments.   

Proposal 3: Send an LS to RAN2 for support of inter-node signalling in NR-NR DC informing of the number of cells for each SCS that each node configures to a UE.
2.3 Beam switching for CORESET#0

For SSB/CORESET#0 switching for a connected UE, the conventional BFR procedure can apply. The SSB selected for CORESET#0 can be included in the beam failure detection RS set q0. When beam failure happens and the UE sends beam failure recovery request, the gNB would know that the SSB selected for CORESET#0 failed. Then, based on the indication by the UE for RS set q1, the gNB can choose another SSB for the CORESET#0 and inform it to UE by MAC CE. As for re-indicating TCI state for “normal” CORESET configured by dedicated RRC, multiple TCI states for the BFR CORESET are configured in advance and one of the TCI states can be re-indicated by MAC CE. However, for CORESET#0, TCI states cannot be configured since CORESET#0 is configured by MIB. Instead, the gNB can directly indicate new SSB index for CORESET#0 by MAC CE, so that the UE can switch the previous CORESET#0 after beam failure to another CORESET#0 associated with the indicated SSB index. Existing MAC CE command for TCI state indication can be re-used by just defining UE behaviour on interpretation of the field when CORESET ID is 0.
Proposal 4: A UE in connected mode can be informed by MAC CE of the SSB index for monitoring PDCCH in CORESET#0. 
2.4 CORESET#0 configuration
As shown in Figure 1, a dedicated BWP (BWP#1) can be configured to fully overlap with the initial BWP. Under this configuration, if the gNB wants a UE to monitor CORESET#0 in BWP#1, the gNB can associate a search space set in BWP#1 with a CORESET that is exactly same with CORESET#0 in order to avoid duplicated SI scheduling. However, a CORESET configuration that is fully aligned with CORESET#0 is impossible by using the current specification due to the 6-RB granularity of the frequency-domain allocation for an RRC configured CORESET. To resolve this issue, the gNB can configure a dedicated CORESET with a reserved state (e.g., all zero state) for the frequency-resource allocation and then the UE can assume that the dedicated CORESET is the same with CORESET#0. This approach does not have any RRC impact.
Proposal 5: A UE can assume that a dedicated CORESET is the same as CORESET#0 if the CORESET is configured with all zeros for the frequency-domain resource allocation field.
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Figure 2. Example of BWP and associated CORESET configuration
2.5 Handling of CORESET-BFR

After a UE transmits BFR request, the UE starts to monitor a special CORESET (a.k.a CORESET-BFR) configured for receiving a corresponding BFR response. In the CORESET-BFR, the UE monitors DCI format(s) with CRC scrambled with C-RNTI. It was agreed that all configured search spaces before dedicated BFR PRACH transmission for BFR are monitored. As the UE monitors PDCCH in the CORESETs configured before the beam failure event together with the CORESET-BFR, the number of BDs/CCEs limit can be exceeded. To recover the link as soon as possible, the SS set configured in the CORESET-BFR should have the highest priority among all types of SS (including for CSS). 

Proposal 6: The SS set configured for CORESET-BFR has the highest priority among all SS sets.

2.6 QCL assumption for overlapped CORESETs
One of the motivations to support a maximum of 3 CORESETs per BWP was to support multi-beam operation for PDCCH. Therefore, by gNB implementation, a UE should not expect to be configured with overlapped CORESETs with different TCI states at least for the CORESETs configured by dedicated RRC. In other words, a number of overlapped CORESETs can be configured with the same TCI state. However, it would be hard to avoid this situation for CORESET#0 since CORESET#0 is configured by MIB and cannot be configured with specific TCI state other than SSB. Figure 2 shows an example when CORESET#0 with SSB#0 is overlapped with CORESET#1 with TCI#1 at the first symbol within a slot. In this case, UE behaviour on QCL assumption for the overlapped CORESETs should be defined. As Alt#1, QCL of the CORESET configured by dedicated RRC can follow that of the CORESET#0 in the overlapped occasion. However, if CORESET#1 is configured with low CCE ALs such as 1 or 2 CCEs and transmitted by using the beam for CORESET#0, i.e, wide beam corresponding to SSB#0, it would be difficult to reach the target UE. As a result, Alt#1 can occasionally cause meaningless BDs at UE side. As Alt#2, the UE can just skip PDCCH monitoring for the CORESET configured by dedicated RRC in the overlapped occasion to avoid unnecessary BDs. If further optimization is necessary, the UE can assume QCL of the CORESET configured by dedicated RRC as that of CORESET#0 only when broadcast DCI (e.g., SI/P/RA-RNTI) is monitored in CORESET#0, otherwise, the original TCI state of the CORESET can be assumed in the overlapped occasion. 
Proposal 7: When a CORESET configured with UE-dedicated RRC overlaps with CORESET#0, the UE can assume the configured TCI state for the CORESET if only unicast PDCCH is monitored in CORESET#0. Otherwise, the UE can assume the QCL of CORESET#0 as the QCL of the CORESET.
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Figure 3. Example of overlapped CORESETs configured with different QCL
2.7 On CSS configuration
Based on the conclusion from RAN1#94, both PDCCH-ConfigCommon (for Type0/0A/1/2-PDCCH common search spaces) and PDCCH-Config (for Type3 PDCCH-common search space) can be used for CSS configuration on a dedicated BWP. In this case, CSS configuration provided by PDCCH-ConfigCommon signaled in a dedicated BWP other than initial BWP does not need to be consistent with that configured by SIB1. Therefore, each BWP can be configured with different CSS configurations for SI/P/RA-RNTI monitoring. For a dedicated BWP, if CSS for SI/P/RA-RNTI is provided by PDCCH-ConfigCommon, SI/P/RA-RNTI does not need to be monitored in the CSS configured by PDCCH-Config (i.e., in Type3 PDCCH CSS). Therefore, if a CSS is configured via PDCCH-Config, i.e., searchSpaceType = common, and dci-Format0-0-AndFormat1-0 is configured to be monitored, only C-RNTI can be monitored in this CSS and there is no need to also monitor SI/P/RA-RNTI. 
Proposal 8: For any BWP other than initial BWP, PDCCH-ConfigCommon can configure CSS for SI/P/RA-RNTI and the configuration can be different from the one for the initial BWP.
Proposal 9: A UE may not decode for a DCI format with CRC scrambled by SI/P/RA-RNTI in CSS Type-3 that is configured by PDCCH-ConfigCommon.
2.8 On initial DL BWP and CORESET#0

In Option#1, CORESET#0 is configured by MIB and the initial DL BWP is defined as the bandwidth of CORESET#0. For Option#2, CORESET#0 is configured by MIB and the initial DL BWP can be configured by SIB1 separately. Based on the agreement, although initial BWP is configured by RMSI, the size of DCI format 0-0/1-0 in CSS is still given by the bandwidth of CORESET#0 and the scheduled PDSCH by DCI format 1-0 is confined within the bandwidth of CORESET#0. 

Several issues are raised up by a company when Option#2 is applied to NSA only cell in EN-DC scenario. The issue identified is as below:

· In EN-DC only cell, NW does not transmit SIB1. The field ssb-SubcarrierOffset in MIB is used to indicate that SIB1  is not present by configuring a value larger than 23 
· indicate the frequency positions where the UE may find SS/PBCH block with SIB1 when kssb = 24, 25, …, 29
· or indicate the frequency range where the network does not provide SS/PBCH block with SIB1 when kssb = 31
· or is reserved when kssb = 30
· With the ssb-SubcarrierOffset value being larger than 23, pdcch-ConfigSIB1 in MIB does not point to a CORESET#0.
· Issue#1) For EN-DC UE, controlResourceSetZero for EN-DC only cell is configured via pdcch-ConfigCommon in dedicated RRC which should be consistent with CORESET#0 in MIB of EN-DC only cell. In this case, the EN-DC UE cannot be provided valid controlResourceSetZero information with a value kssb no larger than 23. 
· Issue#2) To avoid inconsistency between controlResourceSetZero and CORESET#0 in MIB, the EN-DC only cell can be forced to configure CORESET#0 in MIB with kssb less than or equal to 23.
· Issue#2-1) NR-SA UEs will detect/select the EN-DC only cell for access from IDLE. However, the cell cannot handle this since it can only handle EN-DC to start with and does not broadcast SIB1. Then NR-SA UE would search for SIB1 forever and drain the battery eventually.
· Issue#2-2) For Automatic Neighbor Relation, the UE is supposed to tell its serving cell not only the PCI of a detected neighbor but also the global cell ID (and possibly some other information). Once the serving gNB knows the global cell ID of the neighbor cell that the UE detected it can contact that cell's gNB via X2 (directly) or S1 (through CN). It does a kind of DHCP lookup with the global cell ID as input to get the IP address of the target node. Since the global cell ID is in SIB1, the UE is required to read the entire SIB1 from the target cell. But the cell in fact does not transmit SIB, and again the UE would search for SIB1 forever  and drain the battery eventually.
To resolve above issues, several options are listed up by the companies during email discussions as below:

Option#1) DCI 1-0 size determined by CORESET#0 if configured, otherwise initial DL BWP.  (RAN1 impact)

Option#2) RRC fields update such as allowing ID#0 to be used by other CORESET, e.g., commonControlResourceSet, and etc. (RAN2 impact).

Option#3) RRC fields update to make controlResourceSetZero mandatorily present in more cases. (RAN2 impact)

To minimize the RAN2 spec impact since ASN.1 is already frozen, it would be desirable to handle this issue in RAN1 specifications. Therefore, Option#1 is preferred.

Proposal 10: A UE determines the size of DCI format 1-0 based on CORESET#0 if configured, otherwise, based on the initial DL BWP.
3 Conclusion

This contribution considered remaining issues for PDCCH and search space design and proposes the following.
Proposal 1: At least when the UE is not configured for NR-NR DC operation, the total limit of BDs/CCEs for a cell is determined based on the SCS of the activated BWP of the cell.
Proposal 2: When there are self-scheduling cell groups and cross-carrier scheduling cell groups, the limit of BDs/CCEs can be determined as below:

4) The limit of BDs/CCEs per SCS (
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A. For l-th cross-scheduling cell group, determines
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 where Ncross is the set of scheduled cells by the scheduling cell.

B. For self-scheduling cell group, determines 
[image: image35.wmf]å

=

-

=

K

l

l

M

M

M

0

cross,

,

PDCCH

total,

PDCCH

self

 

,

PDCCH

m

m

m

where K is the number of cross-carrier scheduling cell groups.

Proposal 3: Send an LS to RAN2 for support of inter-node signalling in NR-NR DC informing of the number of cells for each SCS that each node configures to a UE.
Proposal 4: A UE in connected mode can be informed by MAC CE of the SSB index for monitoring PDCCH in CORESET#0. 
Proposal 5: A UE can assume that a dedicated CORESET is the same as CORESET#0 if the CORESET is configured with all zeros for the frequency-domain resource allocation field.
Proposal 6: The SS set configured for CORESET-BFR has the highest priority among all SS sets.
Proposal 7: When a CORESET configured with UE-dedicated RRC overlaps with CORESET#0, the UE can assume the configured TCI state for the CORESET if only unicast PDCCH is monitored in CORESET#0. Otherwise, the UE can assume the QCL of CORESET#0 as the QCL of the CORESET.
Proposal 8: For any BWP other than initial BWP, PDCCH-ConfigCommon can configure CSS for SI/P/RA-RNTI and the configuration can be different from the one for the initial BWP.
Proposal 9: A UE may not decode for a DCI format with CRC scrambled by SI/P/RA-RNTI in CSS Type-3 that is configured by PDCCH-ConfigCommon.
Proposal 10: A UE determines the size of DCI format 1-0 based on CORESET#0 if configured, otherwise, based on the initial DL BWP.
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