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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1#91, the PDCCH search space design and blind decoding was discussed, with following agreements.
Agreements:
· Introduce a linkage between search space set and CORESET via an index to the CORESET configuration
· CORESET is removed from the search space configuration
· In Rel-15, the max no. of CORESETs configurable for a BWP in a cell for a UE is [3]
· In Rel-15, the max no. of search space sets configurable for a BWP in a cell for a UE is [10]

Agreements:
· For information, the following cases are clarified:
· Case 1: PDCCH monitoring periodicity of 14 or more symbols
· Case 1-1: PDCCH monitoring on up to three OFDM symbols at the beginning of a slot
· Case 1-2: PDCCH monitoring on any span of up to 3 consecutive OFDM symbols of a slot
· For a given UE, all search space configurations are within the same span of 3 consecutive OFDM symbols in the slot
· Case 2: PDCCH monitoring periodicity of less than 14 symbols
· Note: this includes the PDCCH monitoring of up to three OFDM symbols at the beginning of a slot
· The numbers in bracket in the following table can be further adjusted but not to be increased
· X<=16, Y<=8
· FFS whether or not to have case 2’, where the values of X and/or Y can be smaller than case 2
	Max no. of PDCCH BDs per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Case 1-1
	44
	36
	22
	20

	Case 1-2
	[44]
	
	
	-

	Case 2
	[44+X]
	[36+Y]
	[22+Y]
	[20]


In this contribution, we discuss the remaining issues on PDCCH blind decoding
2. Discussion
2.1 Search space
For the PDCCH search space, the following is captured in TS38.213 
---------------------------------------------------------------------------------------------------------------------------------------



For a control resource set , the CCEs corresponding to PDCCH candidate  of the search space for a serving cell corresponding to carrier indicator field value  are given by 


where

for any common search space,; 





for a UE-specific search space,, , , ,  and ;

;




For each UE-specific search space, the  is CORESET dependent, where p is the CORESET index. There is a large prime number for each CORESET, i.e., . Since it has been agreed that up to [3] CORESETs can be configured per BWP per UE, it make sense to specify another large prime number for the 3rd CORESET, A2=39839 can be used.
Proposal 1: A2=39839 is used for the 3rd CORESET in UE-specific search space determination. 
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 2: It is proposed to 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.
This is a trade-off among the scheduling flexibility, and UE implementation complexity and the signalling design consideration. 
The remaining issue is how to define the value of N. As it has been agreed that up to four bandwidth parts can be configured to one UE, N = 4 can be considered. If in the future release, multiple active bandwidth parts are supported, the blind decodes number can be shared with multiple active bandwidth parts, and a unified search space and blind decoding framework can be achieved. 
During the email discussion, it has been pointed out that the meaning of the number of N here is unclear whether is the number of DL CCs, UL CCs, the maximum number between them or the sum of them. In our understanding, the UL and DL DCIs would be padded to the same size, so that they can share the same search space and reducing the number of blind decodes. In the case of SUL is configured, so that the number of UL CCs is larger than the number of DL CCs, there is only one PUSCH scheduled at one time between normal and supplementary UL. As a result, the total number of blind decodes does not grow. Therefore, the value of N can simply be the number of DL CCs.
[bookmark: _Ref498728545]Proposal 3: For CA with more than N = 4 CCs, the maximum number of PDCCH blind decodes is defined and reported by an explicit UE capability. 
2.4 Configuration of PDCCH blind decoding
For RRC connected UEs, it has been agreed that the number of PDCCH BDs are explicitly configured per aggregation level and per DCI format. As discussed above, the network knows the number of BDs that UE supports from the UE capability reporting. Thus network can configures the PDCCH monitoring behaviour according to the UE BD capability and guarantee that the number of BD required does not exceed the UE capability. Further discussion is need whether and how to define the UE behaviour if the configured number of BDs exceeds the UE capability. 
[bookmark: _Ref498770388]Proposal 4: Network configures the PDCCH monitoring behavior. Whether and how to define the UE behaviour if the configured number of BDs exceeds the UE capability is FFS. 
2.5 Remaining issues on UE procedure for receiving PDCCH
It has been agreed to support aggregation level 16 for both C-SS and UE-SS. For Type0-PDCCH C-SS, the number of blind decode candidates for aggregation level 4 and 8 are 4 and 2 respectively, i.e. same as those in LTE, however, the number of BD candidate for aggregation level 16 has not yet been decided. It seems nature to support a single BD candidate for aggregation level 16 for Type0-PDCCH C-SS. The question is whether higher number of BD candidate should be supported.
It is worth noting that for the Type0-PDCCH CORESET configuration, the number of PRB can only be 24, 48 or 96, and the number of symbol would not larger than 3. Moreover, not all the combinations are allowed, especially for large bandwidth case (i.e. 96 PRB), for example, CORESET of 96 PRB with 3 OFDM symbols is not allowed for many cases. Therefore, for most of the configurations, there is not enough CCEs to supporting more than one AL-16 BD candidates for Type0-PDCCH CORESET. As such, we propose
Proposal 4: The number of BD candidate of aggregation level 16 is one for Type0-PDCCH C-SS. 
2.6 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   >
	A subcarrier spacing and a CP length for PDCCH reception with Type0A-PDCCH common search space, or Type1-PDCCH common search space, or Type-2 PDCCH common search space are same as for PDCCH reception with Type0-PDCCH common search space.
A UE may assume that the DM-RS antenna port associated with PDCCH reception and associated PDSCH reception in the Type0A-PDCCH common search space and the DM-RS antenna port associated with SS/PBCH reception are quasi co-located with respect to delay spread, Doppler spread, Doppler shift, average delay, and spatial Rx parameters.
A UE may assume that the DM-RS antenna port associated with PDCCH reception and associated PDSCH reception in the Type1-PDCCH common search space are quasi co-located with the DM-RS antenna port of the SS/PBCH reception associated with a corresponding PRACH transmission.


Reason for the change: The QCL assumption should be applied also for OSI PDSCH according to the following agreement in RAN1#91.
	Agreements:
· Support QCL between SSB and other broadcast signaling w.r.t. all parameters, i.e., spatial QCL, average channel gain, Doppler shift, Doppler spread, average channel delay, and channel delay spread.
· The broadcast signaling corresponds to the DMRS of NR-PDCCH transmitted in the CORESET for RMSI and the DMRS of NR-PDSCH for RMSI/broadcast OSI, the DMRS of NR-PDCCH transmitting Paging DCIs and the DMRS of NR-PDSCH transmitting Paging Messages, the DMRS of PDCCH and the DMRS of PDSCH conveying Msg2, the DMRS of PDCCH conveying Msg3 grant, the DMRS of PDCCH and if applicable the DMRS of PDSCH conveying Msg4.



<   Text proposal 2   >
	


For a serving cell, higher layer signalling provides a UE with  control resource sets. For control resource set ,  where a UE-specific search space, a Type 2 Type 1-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.




<   Text proposal 3   >
	A UE configured to monitor PDCCH candidates in a serving cell with a DCI format size with carrier indicator field and CRC scrambled by C-RNTI, where the PDCCH candidates may have one or more possible values of carrier indicator field for the DCI format size, if configured by higher layer signalling, shall assume that an PDCCH candidate with the DCI format size may be transmitted in the serving cell in any PDCCH UE specific search space corresponding to any of the possible values of carrier indicator field for the DCI format size.



According to the following agreement, the UE-SS sharing in case of same DCI size for DCIs of different carriers on the same scheduling carrier is an optional feature.
	Agreements:
· For cross-carrier scheduling, NR support UESS sharing in case of same DCI size for DCIs of different carriers on the same scheduling carrier, as an optional feature (additional UE capability for UEs that are capable of cross-carrier scheduling)





3. Conclusion
In the contribution, we discuss on the remaining issues of blind decodes and search space design. Based on these discussions, we propose that,
Proposal 1: A2=39839 is used for the 3rd CORESET in UE-specific search space determination. 
Proposal 2: It is proposed to 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


[bookmark: _GoBack]
Proposal 3: For CA with more than N = 4 CCs, the maximum number of PDCCH blind decodes is defined and reported by an explicit UE capability. 
Proposal 4: Network configures the PDCCH monitoring behavior. Whether and how to define the UE behaviour if the configured number of BDs exceeds the UE capability is FFS. 
Proposal 5: Adopt the text proposals 1~3 in updating of TS38.213 section 10.1. 
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