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1. Introduction
In the RAN1 #92bis meeting, some remaining issues of search space designs were discussed and the following agreements were reached [1]. 
	Agreements:
· For Rel.15 December 2017 version of Case 2, number of CCEs for channel estimation per slot is {56, 56, 48, 32} CCEs for SCS {15kHz, 30kHz, 60kHz, 120kHz}

Agreements:
· UE is not expected to be configured with PDCCH monitoring in CSS(s) for more than what UE can monitor in terms of numbers of BDs/CCEs

Agreements:
· Following working assumption is made:
· For a UE supporting CA with up to X DL-CCs with the same numerology with X <= 4, maximum number of PDCCH blind decodes per slot the UE shall support is X*M, and;
· For a UE supporting CA with up to Y DL-CCs with the same numerology Y > 4, maximum number of PDCCH blind decodes per slot the UE shall support is y*M, where;
· M = {44, 36, 22, 20} for SCS = {15kHz, 30kHz, 60kHz, 120kHz}
· y is an integer from {4, …, 16} and is reported as UE capability to the network.
· For a UE supporting CA with up to X DL-CCs with the same numerology with X <= 4, maximum number of CCEs for channel estimation per slot the UE shall support is X*N, and;
· For a UE supporting CA with up to Y DL-CCs with the same numerology with Y > 4, maximum number of CCEs for channel estimation per slot the UE shall support is y*N, where;
· N = {56, 56, 48, 32} for SCS = {15kHz, 30kHz, 60kHz, 120kHz}
· y is an integer from {4, …, 16} and is reported as UE capability to the network.

Agreements:
· The working assumption as part of the agreements below is confirmed:
· Change Y_{p, kp} to Y_{p, ns,f }  in the search space hashing function in subclause 10.1 of 38.213, where the index ns,f  is the slot number.
· (Working assumption) The reset of the update is per radio frame
Agreements:
· A UE is not expected to be configured to monitor PDCCH across a slot boundary.

Working assumption:
· For a common search space configured with RMSI-PDCCH-Config, osi-searchSpace, paging-searchSpace, and ra-searchSpace, DCI format 0_0/1_0 with C-RNTI is monitored in non-DRX occasions after C-RNTI is available.
· For a common search space configured with RMSI-PDCCH-Config, osi-searchSpace, paging-searchSpace, and ra-searchSpace, DCI format 0_0/1_0 with CS-RNTI is monitored in non-DRX occasions after CS-RNTI is available.

Agreements:
· Following is to be clarified in 213:
· Type0-CSS is configured by RMSI-PDCCH-Config provided by MIB or is configured by searchSpace-SIB1 provided by PDCCH-ConfigCommon
· Type0A-CSS is configured by searchSpace-OSI provided by PDCCH-ConfigCommon
· Type1-CSS is configured by ra-SearchSpace provided by PDCCH-ConfigCommon
· Type2-CSS is configured by pagingSearchSpace provided by PDCCH-ConfigCommon
· Type3-CSS is configured by a SearchSpace with the searchSpaceType “common” provided by PDCCH-Config

Working assumption:
· At least for Case 1-1 and Case 1-2, map all candidates of USS  search-space-set with lower SS set ID before candidates of USS with higher ID 
· If all candidates in a SS set can’t be mapped, any candidates in the SS set and in any subsequent SS sets are dropped (not mapped)
· Case 2 FFS 



In this contribution, we discuss some remaining issues regarding PDCCH search space design, and provide text proposal for correction of TS 38.213.
2. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]PDCCH candidate mapping rules
It has been agreed that the mapping rule should always prioritize the candidate of CSS over that of USS, and the candidates of CSS are always mapped. In the case of multiple Case 1-1/1-2 USS sets within a slot, the mapping of USS sets is based on the search space set ID. Once any of the candidates in a USS set cannot be mapped, the whole USS set and any subsequent USS sets are dropped. In other words, overbooking between USS sets of Case 1-1/1-2 is not allowed. Although it cannot fully exploit the PDCCH candidates for scheduling, it simplifies the UE implementation.
On the other hand, the mapping rule for USS sets if at least one of them is a Case-2 set, has not been decided yet. It would be too restrictive if overbooking of USS sets were not supported. The maximum number of blind decoding and channel estimations for Case-2 is same as that of Case 1-1; but unfortunately, the number of candidate monitoring occasions can be significantly larger than that of Case 1-1. Consequently, it means that a Case-2 USS set may easily reach the upper limit of either blind decoding or channel estimations and being dropped according to the mapping rule. For example, assuming that in a BWP with 30 kHz SCS, a UE is configured with a CSS set and a Case-2 USS set. The CSS set then consumes 16 non-overlapped CCEs, leaving 56 – 16 = 40 CCEs for the USS set. If the Case-2 USS is configured with two monitoring occasion in a slot, then at most 2 candidates of aggregation level 8 or 1 candidate of aggregation level 16 can be configured (per monitoring occasion), otherwise the whole USS is dropped. Obviously, this is too restrictive, especially considering that only two monitoring occasions are configured in a slot. If more than two monitoring occasions are configured for the USS set, the AL-16 candidate can never be deployed, which would be a severe problem as one of the main motivations of introducing AL-16 is to support URLLC service. 
Moreover, dropping too much USS candidates would in turn reduce the possibility of been scheduled for the UE. Consequently, the PDCCH blocking rate may become a significant issue of the system. Moreover, one of the main use cases of Case-2 USS is for scheduling URLLC service. Such a high blocking rate issue may severely degrade the QoS of URLLC service. Therefore, we propose that,
[bookmark: _Ref513665040]Proposal 1: Overbooking should be supported on mapping candidates of Case-2 USS sets. 
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If overbooking is supported, on mapping Case-2 USS candidates, the PDCCH candidates should be distributed among multiple occasions. Two alternatives (as illustrated in Figure 1) can be considered:
· Alt.1: The available (remaining) PDCCH candidates are equally divided among all the occasions in a slot.
· Alt.2: The PDCCH candidates are first mapped to the entire search space set within a monitoring occasion, and then each monitoring occasion in ascending order of symbol index in the slot, until the upper limit of BD/CCE is met.
[image: ]
[bookmark: _Ref513710211]Figure 1 Example of Case-2 USS candidates mapping, assuming the number of available PDCCH candidates to be mapped are 12
Alt.1 is simple and straightforward. It works if all the monitoring occasions having a same priority. 
On the other hand, in real deployment, the UEs that monitor only the slot-based search space occasion (within the first three symbols) and the UEs additionally monitor mini-slot search space occasion (after the third symbol) can be multiplexed in the same cell. Thus, it is expected that normally the slot-based occasion is shared by a larger number of UEs, therefore, the blocking rate in this occasion may be more severe than others in the same slot. Equally dividing the PDCCH candidates among them may make the blocking issue even worse in the slot-based occasion, while waste the blind decoding candidate in the less crowded search space occasions. In this case, Alt.2 may work better than Alt.1 as it prioritizes the slot-based search space occasion in the slot. 
Moreover, by Alt.1 the mapping procedure may vary from one slot to another, as the number of available PDCCH candidates may change between different slots, depending on the number of USS to be mapped in the slots, which may increase the UE implementation complexity. Therefore, Alt.2 is preferred.
[bookmark: _Ref510462931]Proposal 2: On mapping PDCCH candidates of Case-2 USS, the candidates are first mapped to the entire search space set within a monitoring occasion, and then each monitoring occasion in ascending order of symbol index in the slot, until the upper limit of BD/CCE is met. 

If multiple USS sets are configured to a UE, they may be configured with different monitoring types (either Case 1-1/1-2 or Case 2). For simplification, it is proposed that the same mapping order is applied no matter how the monitoring occasions are configured for each USS set. 
[bookmark: _Ref513665051]Proposal 3: If a UE is configured with multiple USS sets, the candidates of USS sets are mapped in ascending order of SS ID regardless of whether the USS set is configured as Case 1-1, 1-2 or Case-2. 
3. Text proposal for TS 38.213
It has been agreed that TC-RNTI can be configured in Type-3 CSS and USS, according to the following agreement in RAN1 NR ad hoc 1801 [2]:
	Agreements:
· For each search space configuration configured by UE-specific RRC signaling, the UE is informed whether the search space configuration is CSS or USS, together with the following information, as part of the search space configuration:
· Which DCI format(s) to monitor
· For a CSS,
· DCI format 0_0 and DCI format 1_0
· In which case, the UE monitors the DCI format with CRC scrambled by C-RNTI, CS-RNTI (if configured), SP-CSI-RNTI (if configured), RA-RNTI, TC-RNTI, P-RNTI, SI-RNTI
· DCI format 2_0
· In which case, the UE monitors the DCI format with CRC scrambled by SFI-RNTI, and the SFI-related parameters SFI-PDCCH is provided as part of the search space configuration
· FFS: how to select one or two decoding candidates if the configured PDCCH candidates are larger than the value
· DCI format 2_1
· In which case, the UE monitors the DCI format with CRC scrambled by INT-RNTI, and the PI-related parameters Preemp-DL is provided as part of the search space configuration
· DCI format 2_2
· In which case, the UE monitors the DCI format with CRC scrambled by TPC-PUSCH-RNTI or TPC-PUCCH-RNTI
· DCI format 2_3
· In which case, the UE monitors the DCI format with CRC scrambled by TPC-SRS-RNTI
· Monitoring of multiple DCI formats can be configured for one CSS
· For USS,
· A UE monitors the DCI format with CRC scrambled by C-RNTI, CS-RNTI (if configured), TC-RNTI (if a certain condition is met), and SP-CSI-RNTI (if configured)
· Further discussion offline the association of the RNTIs with DCI formats 
· Monitoring of multiple DCI formats can be configured for one USS



According on this agreement, the TC-RNTI can be monitored in both Type-3 CSS and USS sets. some modification should be made which is shown by the text proposal below based on the latest specification [3].

------------------------------- Begin TP for Section 10.1 of TS 38.213 -------------------------------------------------
<Omitted>
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 common search space set or a UE-specific search space set. A UE monitors PDCCH candidates in one or more of the following search spaces sets
-	a Type0-PDCCH common search space set configured by pdcch-ConfigSIB1 in MasterInformationBlock or by searchSpace-SIB1 in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a SI-RNTI on a primary cell;
-	a Type0A-PDCCH common search space set configured by searchSpace-OSI in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a SI-RNTI on a primary cell;
-	a Type1-PDCCH common search space set configured by ra-SearchSpace in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a RA-RNTI, or a TC-RNTI, or a C-RNTI on a primary cell;
-	a Type2-PDCCH common search space set configured by pagingSearchSpace in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a P-RNTI on a primary cell;
-	a Type3-PDCCH common search space set configured by SearchSpace in PDCCH-Config with searchSpaceType = common for DCI formats with CRC scrambled by INT-RNTI, or SFI-RNTI, or TPC-PUSCH-RNTI, or TPC-PUCCH-RNTI, or TPC-SRS-RNTI, or C-RNTI, or TC-RNTI, or CS-RNTI(s), or SP-CSI-RNTI; and
-	a UE-specific search space set configured by SearchSpace in PDCCH-Config with searchSpaceType = ue-Specific for DCI formats with CRC scrambled by C-RNTI, or TC-RNTI, or CS-RNTI(s), or SP-CSI-RNTI.
<Omitted>
------------------------------- End TP for Section 10.1 of TS 38.213 -------------------------------------------------

[bookmark: _Ref510538372]Proposal 4: Accept the above text proposals for corrections of search space sets.

4. Conclusion
In the contribution, we discussed the remaining issues on PDCCH search space. Based on these discussions, we propose that,
Proposal 1: Overbooking should be supported on mapping candidates of Case-2 USS sets.
Proposal 2: On mapping PDCCH candidates of Case-2 USS, the candidates are first mapped to the entire search space set within a monitoring occasion, and then each monitoring occasion in ascending order of symbol index in the slot, until the upper limit of BD/CCE is met.
Proposal 3: If a UE is configured with multiple USS sets, the candidates of USS sets are mapped in ascending order of SS ID regardless of whether the USS set is configured as Case 1-1, 1-2 or Case-2. 
Proposal 4: Accept the above text proposals for corrections of search space sets.
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