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Introduction
In the previous meetings, some agreements related to CORESET configuration and search space design [1][2][3][4][5] were achieved as shown in Appendix A. The contribution mainly provides some further considerations on CORESET configuration and search space design.
Discussion
CORESET Configuration 
CORESET for initial access 
CORESET for RMSI 
As mentioned in [6], the frequency location of the RMSI CORESET, i.e. initial active DL BWP, can be predefined either FDM or TDM with the SS/PBCH block. Take sub 6 GHz frequency band as instance, the following table can be considered as the starting points for RMSI CORESET. Note that the minimum UE bandwidth for sub 6 GHz frequency band is assumed to be 20 MHz.
Table 1 An example of candidate configurations of CORESET for scheduling RMSI 
	Bit field in PBCH
	CORESET configuration

	0000
	CORESET BW = 24 PRBs; CORESET occupies the OFDM symbols 0 and 1 with the continuous PRBs; x-subcarrier offset between subcarrier 0 in the 13th PRB of the CORESET and the subcarrier 0 in the 11th PRB of the SS block.

	0001
	CORESET BW = 24 PRBs; CORESET occupies from OFDM symbols 0 to 2 with the continuous PRBs; x-subcarrier offset between subcarrier 0 in the 13th PRB of the CORESET and subcarrier 0 in the 11th PRB of the SS block.

	0010
	CORESET BW = 24 PRBs; CORESET occupies OFDM symbols 6 and 7 with the continuous PRBs; x-subcarrier offset between subcarrier 0 in the 13th PRB of the CORESET and subcarrier 0 in the 11th PRB of the SS block.

	0011
	CORESET BW = 48 PRBs; CORESET occupies OFDM symbols 0 and 1 with the continuous PRBs; x-subcarrier offset between subcarrier 0 in the 25th PRB of the CORESET and subcarrier 0 in the 11th PRB of the SS block.

	0100
	CORESET BW = 48 PRBs; CORESET occupies OFDM symbols 6 and 7 with the continuous PRBs; x-subcarrier offset between subcarrier 0 in the 25th PRB of the CORESET and subcarrier 0 in the 11th PRB of the SS block.

	0101
	CORESET BW = 48 PRBs; CORESET occupies the same OFDM symbol carrying PSS; (x + y)-subcarrier offset between subcarrier 0 in the 1st PRB of the CORESET and subcarrier 11 in the 20th PRB of the SS block.

	0110
	CORESET BW = 48 PRBs; CORESET occupies the same OFDM symbol carrying PSS; (12 – x + y)-subcarrier offset between subcarrier 0 in the 48th PRB of the CORESET and subcarrier 11 in the 1st PRB of the SS block.

	0111
	CORESET BW = 48 PRBs; CORESET occupies 2 OFDM symbols starting from the OFDM symbol carrying PSS; (x + y)-subcarrier offset between subcarrier 0 in the 1st PRB of the CORESET and subcarrier 11 in the 20th PRB of the SS block.

	1000
	CORESET BW = 48 PRBs; CORESET occupies 2 OFDM symbols starting from the OFDM symbol carrying PSS; (12 – x + y)-subcarrier offset between subcarrier 0 in the 48th PRB of the CORESET and subcarrier 11 in the 1st PRB of the SS block.

	1001
	CORESET BW = 48 PRBs; CORESET occupies OFDM symbol 2 with the continuous PRBs; x-subcarrier offset between subcarrier 0 in the 25th PRB of the CORESET and subcarrier 0 in the 11th PRB of the SS block.

	1010
	CORESET BW = 96 PRBs; CORESET occupies OFDM symbol 0 with the dis-continuous PRBs; x-subcarrier offset between subcarrier 0 in the 49th PRB of the CORESET and subcarrier 0 in the 11th PRB of the SS block.

	1011
	CORESET BW = 96 PRBs; CORESET occupies OFDM symbol 6 with the dis-continuous PRBs; x-subcarrier offset between subcarrier 0 in the 49th PRB of the CORESET and subcarrier 0 in the 11th PRB of the SS block.

	1100
	CORESET BW = 96 PRBs; CORESET occupies the same OFDM symbol carrying PSS; (x + y)-subcarrier offset between subcarrier 0 in the 1st PRB of the CORESET and subcarrier 11 in the 20th PRB of the SS block.

	1101
	CORESET BW = 96 PRBs; CORESET occupies the same OFDM symbol carrying PSS; (12 – x + y)-subcarrier offset between subcarrier 0 in the 96th PRB of the CORESET and subcarrier 11 in the 1st PRB of the SS block.

	1110
	CORESET BW = 96 PRBs; CORESET occupies 2 OFDM symbols starting from the OFDM symbol carrying PSS; (12 – x + y)-subcarrier offset between subcarrier 0 in the 96th PRB of the CORESET and subcarrier 11 in the 1st PRB of the SS block.

	1111
	CORESET BW = 96 PRBs; CORESET occupies OFDM symbol 2 with the dis-continuous PRBs; x-subcarrier offset between subcarrier 0 in the 49th PRB of the CORESET and subcarrier 0 in the 11th PRB of the SS block.


Note: x and y are respectively an offset cause by floating sync. and an additional offset for PRB grid for RMSI with different numerology from that of SS block [6].
Proposal 1: The candidate configurations provided in Table 1 can be the starting point for configuration of the CORESET for scheduling RMSI.     
In addition, in order to further reduce the bit length carried by MIB for configuration of RMSI CORESET, part of the indications can be implicitly indicated also, e.g. the time-domain position of CORESET for RMSI can be predefined or derived implicitly according to the location of SS/PBCH block. 
CORESET for OSI and paging
As it was agreed that the configuration of CORESET for RAR is contained in RACH configuration, it is natural to adopt similar solution for the independent configurations of the CORESET(s) for other system information (OSI) and paging from the CORESET of RMSI. These independent configurations can be carried in RMSI in order to provide good flexibility and extend the search space capacity for delivering these broadcast or group common information [5]. 
Moreover the CORESET for RAR during initial access should be located within the initial active DL BWP, since gNB has no information about UE capabilities during initial access. Otherwise some UEs only supporting narrow-band will not be able to receive RAR.
Proposal 2: CORESET for RAR configured by RMSI shall be configured inside the initial active DL BWP.
CORESET after initial access
Monitoring periodicity
In RAN1 meeting #90bis, it was agreed that PDCCH monitoring occasion for the set of search spaces is configured by UE-specific RRC signaling. To address the problem of the ambiguous period between monitoring occasion change, a fallback monitoring periodicity is needed. One way is to monitor both old and new occasion value.   
Resource allocation for CORESET
It has been agreed that ‘Re-use NR DL RA Type 0 basis in units of 6 RBs, where no restriction on the maximum number of segments for a given CORESET’ and ‘A DL (or UL) BWP is configured to a UE by resource allocation Type 1 with granularity of starting frequency location/bandwidth size 1PRB’. There may be a mismatch issue between the granularity 6 RBs for CORESET configuration and granularity 1 RB for BWP configuration, which may cause PDCCH candidates blocking among different CORESETs due to the overlapping of the configured BWPs. As shown in Fig. 3, CORESET1 are fully blocked by PDCCH transmitted within CORESET0.
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Figure 3 PDCCH candidates blocking between CORESET0 and CORESET1.
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  Figure 4 CORESET0 and CORESET1 aligned according to common RB indexing.
In order to minimize the blocking probability, the 6 RB units for different CORESETs should be aligned according to an absolute RB grid, i.e. common RB indexing. As shown in Fig. 4, every unit of 6 RBs for either CORESET0 or CORESET1 are aligned according to common RB indexing, thus PDCCH in CORESET0 only block 6 RBs (i.e. 1 CCE) in CORESET1. In order to achieve the scheme mentioned above, the allocated RBs should be shifted m0 RBs, where m0 can be given by m0 = 6 – () mod 6,   denotes the number of RBs between PRB0 for common RB indexing and PRB0 for BWP RB indexing. For example, in Fig. 4, for BWP0,  = 5, accordingly m0 = 1. 
Proposal 3: For a CORESET configured by UE-specific RRC signaling, RB indexing for CORESET resource allocation is per DL BWP associated with the CORESET with a shift.
Resource collision between CORESET and front-loaded DMRS
In RAN1 meeting #90bis, it has been agreed that the first DMRS position either on symbol #2 or symbol #3 is configured by PBCH. The maximum time duration of a CORESET is 2 symbols if the first DMRS position of a PDSCH with slot-based scheduling is on symbol #2, and is 3 symbols otherwise. If DMRS position is re-configured from symbol #3 to symbol #2, those CORESETs which occupy the symbol #3 will be unavailable as shown in Fig. 5. Until RRC signaling for CORESET reconfiguration has been received, some of UEs will lose a CORESET for PDCCH monitoring. Moreover, a burst of RRC signaling for CORESET reconfiguration will be triggered, and data latency will be increased during the burst of RRC signaling.
[image: ]      
  Figure 5 Resource collision between UE-specific CORESET and DMRS for PDSCH.
In order to avoid triggering a burst of RRC signaling for CORESET reconfiguration, a fallback CORESET should be configured before the MIB reconfiguration. Furthermore, in order to avoid the number of blind decodings exceed the maximum number by configuring a fallback CORESET, it will be specified that UE does not need to monitor PDCCH in the fallback CORESET until MIB reconfiguration is received.  
Proposal 4: A fallback CORESET should be configured to avoid the resource collision with DMRS configured by MIB. 
· UE does not monitor the fallback CORESET until symbol #2 is configured for DMRS by MIB.
 Configuration of search spaces
In [2], it has been agreed that at least one of configured DL BWPs includes one CORESET with common search space at least in primary component carrier and each configured DL BWP include at least one CORESET with UE-specific search space for the case of single active BWP at a given time. One alternative based on such agreements is to configure BWP according to the UE bandwidth capability containing a common CORESET for initial access. This, however, may cause impact on resource efficiency since UEs always need to retune to the common CORESET. An alternative to solve this problem is to configure additional CORESET containing common search spaces in each BWP in addition to initial active BWP. Dedicated RRC signaling can be considered for the configuration. REG bundle size/pattern, CCE-to-REG mapping (i.e., time-first or frequency-first), transmission type (i.e., interleaved or non-interleaved), and numerology for the common CORESET(s) can be configurable.
Proposal 5: CORESET containing common search space(s) can be configured in each configured BWP by UE-specific RRC signaling. 
Search space design
Hash function for PDCCH
In the RAN1 meeting #90bis, it has been agreed to take the same hash function of LTE EPDCCH as the hash function of NR-PDCCH. In LTE EPDCCH, search space function is given by (2),
	
	(2)



where L denote the aggregation level,  denotes the number of CCEs of CORESET p,  denotes the number of candidates of aggregation level L, i∈{0,1,2,…,L-1}, and m∈{0,1,2,…,  -1}, b = nCI if the UE is configured with a carrier indicator field, otherwise b = 0. The variable  is given by 
	
	(3)


where  ,  . In LTE EPDCCH, two values for  are specified as , . In LTE PDCCH, for common search spaces, . 
In NR, similar rules can be inherited from LTE for common search spaces, . For UE-specific search spaces, more values for  should be specified, for . Considering different CORESETs may need to be configured for applying different REG bundle sizes and/or different CCE-to-REG mapping and/or different search space type, more than 2 CORESETs should be supported in a PDCCH monitoring occasion. However, too many CORESETs may result in large RRC signaling overhead or L1 signaling overhead for PDCCH and PDSCH sharing, the supported number of CORESET should be limited also. Up to 4 CORESETs can be considered for tradeoff. Accordingly, a set of values for  should be selected. 
To reduce the blocking probability, special values should be selected. Based on computer search, 2 additional values of  are found out and listed as in Table 2. Simulation results of blocking probability are shown in Fig. 6.
Table 2 Candidates value of , .
	p
	
	p
	
	p
	
	p
	

	0
	39827
	1
	39829
	2
	39839
	3
	39853


In order to compare the blocking probability affected by the value of , , the following assumptions are made: the total number of CCEs is assumed to be 32. The number of PDCCH candidates of search spaces at each CORESET p is assumed as M (L)p, = {3,3,1,1} for aggregation level L = {1,2,4,8}, the aggregation level of a generated PDCCH is according to distribution of {0.45, 0.35, 0.15, 0.05}. Since the scheduling order of PDCCH is mainly determined by information of the data transmission (e.g. proportional-fairness scheduler), the scheduling order of the generated PDCCH is random. The average blocking probabilities of fully overlapped four CORESETs is shown in Fig. 6. 
In Fig. 6, the highest blocking probability is occurred for Case-A in which the same value of , , is used for all CORESETs. If two values of [39827 39829] are repeated used as given be Case-B i.e. , , , , the blocking probability is reduced compared with Case-A. If four different numbers are used in Table 2, as given by Case-C, the blocking probability is further reduced. 
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[bookmark: _GoBack]Figure 6. The average blocking probabilities of different search space structures.
Proposal 6: For common search space in a CORESET,  .
Proposal 7: For UE-specific search spaces in a CORESET p,  should support the following equation:
	
	


where , ,   and , ,  .
DCI blind decoding
Generally, NR should provide gNB the flexibility to configure the set of aggregation levels. For NR, the aggregation levels {1, 2, 4, 8} are agreed. Moreover, larger aggregation levels should be supported also for URLLC (e.g., 16 and/or 32) and/or for increasing PDCCH coverage. As discussed in [7], at least aggregation level 16 should be supported in NR.
Proposal 8: Aggregation level of 16 should be supported in NR.
Since it has been agreed that ‘The set of aggregation levels and candidates per aggregation level for PDCCH scheduling RMSI is specified in the specification’, the number of PDCCH candidates and aggregation level(s) for RMSI CORESET will be specified. Moreover, the table for PDCCH candidates and aggregation levels should also consider the size of resources configured for RMSI CORESET, since multiple candidate sizes will be configured for RMSI CORESET, e.g. a CORESET with 24 RBs and 2 OFDM symbols only contains 8 CCEs, and a CORESET with 96 RBs and 2 OFDM symbols contains 32 CCEs. Accordingly, an example for of the aggregation level(s) and the corresponding PDCCH candidates is given in Table 3. 
Table 3 Number of PDCCH candidates for RMSI CORESET
	Size of RMSI CORESET
	AL4
	AL8
	AL16

	Less or equal to 16 CCEs
	2
	1
	-

	Larger than 16 CCEs
	2
	2
	1


Proposal 9: The predefined number of PDCCH candidates for an aggregation level should associate with the size of RMSI CORESET. 
Although both aggregation levels and the number of PDCCH candidates per aggregation level are configurable, UE PDCCH blind decoding (BD) capability still should be defined for a UE monitoring PDCCH(s). This can be considered as a benchmark for the gNB when configuring aggregation levels and/or the number of PDCCH candidates for each aggregation level. Moreover, such BD capability can be reported by a UE if needed, e.g., for energy saving. Otherwise, when in scenarios of multi-BWP, multi-TRP, multi-carrier, the configured number of blind decoding may exceed the capability of a UE. In order to avoid this case, gNB should know the capability of UE, then gNB will configure the number of blind decodings according to the reported UE capability. The maximum number of blind decodings of PDCCH candidates in non-CA case should be specified as shown in the following table:
Table 4 Number of blind decodings within a slot for different subcarrier spacing and different PDCCH monitoring periodicity 
	No. of PDCCH BDs per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	PDCCH monitoring periodicity of 14 or more symbols
	44
	22
	11
	6

	PDCCH monitoring periodicity of less than 14 symbols
	44
	22
	11
	6



Thus, the following proposals could be considered 
Proposal 10: Specify the UE capability on the number of blind decodings per slot.
In addition, as discussed in [8], in order to achieve unify design for slot based scheduling and non-slot based scheduling, the maximum number of BD per slot for slot based scheduling and non-slot based scheduling should be the same, assuming which is X, e.g. X=44. When UE is configured with both non-slot-based scheduling and slot-based scheduling, the maximum number of PDCCH blind decodes per slot per carrier is still equal to X. 
Considering the UE capability of the maximum blind decodings, the number of blind decodings should not be increased linearly according to the number of CCs. When the number of CCs is smaller than 4, the number of blind decodings can be increased along with the number of CCs linearly, since all capable of UEs can support the maximum number of BDs of 4 CCs. Otherwise, the configured number of PDCCH blind decodings should depend on the reported capability of a UE. 
Proposal 11: For up to 4 CCs, maximum number of PDCCH blind decodes per slot for a UE depends on the number of configured CCs; otherwise, it depends on the explicit UE capability. 
Besides the number of PDCCH candidates, the number of channel estimations also impacts on the complexity of a UE. The number of CCEs in LTE PDCCH can be taken as a baseline to be considered. In LTE PDCCH, the number of monitored CCEs in CSS is 8AL8 + 4AL4 = 32 CCEs, USS in extreme case (i.e. non-overlapping over different search spaces) 8AL8 + 4AL4 + 2AL2 + AL1 = 42 CCEs, where AL8, AL4, AL2, AL1 are the number of PDCCH candidates for AL=8, 4, 2, 1, and in LTE CSS AL8=2, AL4=4;  in LTE USS, AL8=2, AL4=2, AL2=6, AL1=6, and total 74 CCEs will be monitored within 1ms. However, the value of 74 is not dividable by 6, thus it will complicate the interleaver design by further introducing Null in the interleaver matrix. Therefore, we prefer the value 72. In order to limit the complexity of channel estimation, it can be achieved by limiting the size for CORESET configurations or reuse the channel estimation if two CCEs are overlapped. 
Table 5 Number of CCEs within a slot for different subcarrier spacing and different PDCCH monitoring periodicity.
	No. of CCEs per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	14 or more symbols
	72
	72
	72
	72

	Less than 14 symbols
	72
	72
	72
	72


Proposal 12: In order to limit the complexity of channel estimation, the number of CCEs to be monitored should be 72 CCEs per slot. 
PDCCH configurability per CORESET
NR supports multiple PDCCHs each scheduling a respective PDSCH where each PDCCH is transmitted from a separate TRP. In RAN1 #90 meeting, it was also agreed that the maximum supported number of NR-PDCCHs corresponding to scheduled NR-PDSCHs that a UE can be expected to receive in a single slot is 2 on a per component carrier basis in case of one bandwidth part for the component carrier. One example of a use-case where a UE receives multiple NR-PDCCHs in a given slot is with NC-JT, as described in our companion contribution [9], where different TRPs independently schedule a transmission towards the same UE in the same slot and each NR-PDCCH is transmitted in its respective CORESET. Other configurations where a UE is configured to receive multiple NR-PDCCHs in a given slot in the same CORESET are also possible. This makes it clear that there is a need for the UE to know the association between PDCCHs and CORESETs. Thus, it is proposed that NR should support the configurability of the number of PDCCHs in each given CORESET. Moreover, the number of PDCCHs should be signaled to the UE implicitly. This is beneficial for not only scheduling flexibility but also reducing of UE blind decoding attempts.
Proposal 13: For a given UE, the association between a CORESET and a NR-PDCCH can be configured by RRC signaling.
As proposed in our companion’s contribution [10], there are multiple MAC entities in the network involved in transmission to a multi-connectivity UE at least for non-ideal backhaul. To simplify the UE behavior, a correspondence between the number of PDCCHs and the number of MAC entities observable by the UE where each MAC has its own set of HARQ processes corresponding to each connection is required.
To guarantee that a UE is able to route a PDCCH to the right MAC entity for the control and data receptions, association between PDCCH and MAC entity should be explicitly configured. By extension, if for each MAC entity there is a respective HARQ entity, then the association between PDCCH and MAC entity can also be viewed as being between PDCCH and HARQ entity. In order to simplify the standardization effort, the association between PDCCH and MAC entity (by extension HARQ entity) can be done at the CORESET level. When multiple CORESETs carrying multiple PDCCHs are configured to a UE, the CORESETs can correspond to one or multiple MAC entities (by extension HARQ entities) depending on the configured association of CORESET and MAC entity (by extension HARQ entity) for each CORESET. Moreover, time and frequency resources of CORESETs from TRPs can be semi-statically coordinated between TRPs in CORESET level. Therefore, the association between CORESET and HARQ entity can be configured to a UE with the CORESET configuration, i.e. using RRC signaling. 
Proposal 14: Association between CORESET and HARQ entity should be configured by RRC signaling.
Conclusion
Our observations and proposals in this contribution are summarized as below:
Proposal 1: The candidate configurations provided in Table 1 can be the starting point for configuration of the CORESET for scheduling RMSI.
Proposal 2: CORESET for RAR configured by RMSI shall be configured inside the initial active DL BWP.
Proposal 3: For a CORESET configured by UE-specific RRC signaling, RB indexing for CORESET resource allocation is per DL BWP associated with the CORESET with a shift.
Proposal 4: A fallback CORESET should be configured to avoid the resource collision with DMRS configured by MIB. 
· UE does not monitor the fallback CORESET until symbol #2 is configured for DMRS by MIB.
Proposal 5: CORESET containing common search space(s) can be configured in each configured BWP by UE-specific RRC signaling. 
Proposal 6: For common search space in a CORESET,  .
Proposal 7: For UE-specific search spaces in a CORESET p,  should support the following equation:
	
	


where , ,   and , ,  .
Proposal 8: Aggregation level of 16 should be supported in NR.
Proposal 9: The predefined number of PDCCH candidates for an aggregation level should associate with the size of RMSI CORESET. 
Proposal 10: Specify the UE capability on the number of blind decodings per slot.
Proposal 11: For up to 4 CCs, maximum number of PDCCH blind decodes per slot for a UE depends on the number of configured CCs; otherwise, it depends on the explicit UE capability. 
Proposal 12: In order to limit the complexity of channel estimation, the number of CCEs to be monitored should be 72 CCEs per slot. 
Proposal 13: For a given UE, the association between a CORESET and a NR-PDCCH can be configured by RRC signaling.
Proposal 14: Association between CORESET and HARQ entity should be configured by RRC signaling.
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Appendix A
The following agreements have been achieved in previous meetings on CORESET configuration and search space design: 
In RAN1 meeting #89 [1],
· Following contents are carried in NR-MIB  
· RMSI scheduling information: [x] bits
· CORESET(s) information: [x] bits
· Simplified information of CORESET(s) compared to CORESET(s) information for UE-specific configuration is considered
· E.g., Time/frequency resource configuration of CORESET(s)
In RAN1 #Ad-Hoc 2 meeting [2],
· For a CORESET which is configured by UE-specific higher-layer signaling, at least following are configured.
· Frequency-domain resources, which may or may not be contiguous
· Each contiguous part of a CORESET is equal to or more than the size of REG-bundle in frequency
· FFS: exact size and number of contiguous parts for a CORESET
· Starting OFDM symbol
· Time duration
· REG bundle size if the configuration is explicit
· Transmission type (i.e., interleaved or non-interleaved)
· More parameters may be added if agreed
· For PDCCH blind decoding, at least for the non-initial access, at least the following can be configured:
· Number of PDCCH candidates per CCE aggregation level, per DCI format size that the UE monitors
· Set of aggregation levels
· FFS explicit or implicit configuration
· Set of DCI format sizes
· FFS explicit or implicit configuration
· FFS: per CORESET not used for initial access or search space
· FFS: Signaling details
· Note that the number of candidates can be zero
· UE blind decoding capability is known by NW
· FFS: How the capability is derived
In RAN1 meeting #90 [3],
Agreements:
· At least for initial access, RAR is carried in NR-PDSCH scheduled by NR-PDCCH in CORESET configured in RACH configuration
· Note: CORESET configured in RACH configuration can be same or different from CORESET configured in NR-PBCH
· In RRC CONNECTED mode, 
· RRC only or RRC+ MAC CE signaling is used to indicate QCL relation (at least w.r.t spatial RX parameters) between DMRS port(s) of UE-specific PDCCH and either SS Block or P/SP CSI-RS resource(s)
· A PDCCH search space at an aggregation level in a CORESET is defined by a set of PDCCH candidates
· For the search space at the highest aggregation level in the CORESET, the CCEs corresponding to a PDCCH candidate are derived as following
· The first CCE index of a PDCCH candidate is identified by using at least some of the followings
· (1) UE-ID, (2) candidate number, (3) total number of CCEs for the PDCCH candidate, (4) total number of CCEs in the CORESET, and (5) randomization factor
· The other CCE indexes of the PDCCH candidate are consecutive from the first CCE index
· Searching space design for the lower aggregation level can be discussed separately
· The maximum supported number of NR-PDCCHs corresponding to scheduled NR-PDSCHs that a UE can be expected to receive in a single slot is 2 on a per component carrier basis in case of one bandwidth part for the component carrier
· FFS the case of multiple BWPs for the component carrier if supported
· (Working assumption) In this case, at most a total of 2 CWs over the scheduled NR-PDSCHs
· For multiple NR-PDCCH reception for scheduled NR-PDSCHs:
· FFS whether or not there is any impact on # of HARQ processes and/or soft buffer management
· FFS the mapping between PUCCH conveying ACK/NACK signaling and PDSCH
· Note: this topic is more suitable for discussion under scheduling/HARQ session
Working assumptions:
· In the case when only CORESET(s) for slot-based scheduling is configured for UE, the maximum number of PDCCH blind decodes per slot per carrier is X
· The value of X does not exceed 44
· FFS the exact value of X
· FFS for multiple active BWP, multiple TRP, multiple carriers, multi beams
· 44 + Kn, K<44
· FFS for non-slot based scheduling
· FFS numerology specific X
In RAN1 meeting NR-AH#3 [4],
Working assumption:
· Re-use NR DL RA Type 0 basis in units of 6 RBs, where no restriction on the maximum number of segments for a given CORESET.
Agreements:
· The QCL configuration for PDCCH contains the information which provides a reference to a TCI state
· Alt 1: The QCL configuration/indication is on a per CORESET basis
· The UE applies the QCL assumption on the associated CORESET monitoring occasions. All search space(s) within the CORESET utilize the same QCL.
· Alt 2: The QCL configuration/indication is on a per search space basis
· The UE applies the QCL assumption on an associated search space. This could mean that in the case where there are multiple search spaces within a CORESET, the UE may be configured with different QCL assumptions for different search spaces.
· Note: The indication of QCL configuration is done by RRC or RRC + MAC CE (FFS: by DCI)
Note: The above options are provided as input to the control channel agenda item discussion
In RAN1 meeting #90bis [5],
Agreements:
· Confirm the WA ‘Re-use NR DL RA Type 0 basis in units of 6 RBs, where no restriction on the maximum number of segments for a given CORESET’ with the following clarifications:
· This is for the case when the CORESET is configured by at least UE-specific RRC signalling. 
· FFS the RB indexing for resource allocation especially considering interaction with DL BWP
· Details of resource allocation should take into account the interaction with DL BWP – FFS details
Agreements:
· For slot-based scheduling;
· Confirm the following working assumption with updates:
· The first DMRS position either on symbol #2 or symbol #3 is configured by PBCH
· Maximum time duration of a CORESET is 2 symbols if the first DMRS position of a PDSCH with slot-based scheduling is on symbol #2, and is 3 symbols otherwise.
· The starting OFDM symbol of a CORESET can be symbol #0, #1, or #2, in a slot.
· However, the ending OFDM symbol of a CORESET is not later than symbol #2 in a slot.
Agreements:
· In a given CORESET, two types of search spaces (e.g., UE-common search space and UE-specific search space) can have different periodicities for a UE to monitor
· FFS details of the corresponding search spaces
Agreements:
· Take the same hash function of LTE EPDCCH as the hash functuion for NR-PDCCH
· Further refinements can be further considered till next meeting if necessary
Agreements:
· One set of the following parameters determines a set of search spaces
· A set of aggregation levels
· The number of PDCCH candidates for each aggregation level
· PDCCH monitoring occasion for the set of search spaces
Agreements:
· At least for cases other than initial access, to identify a set of search spaces, following parameters are configured by UE-specific RRC signaling:
· The number of PDCCH candidates for each aggregation level of {1, 2, 4, 8, [16]}
· One value from {0, 1, 2, 3, 4, 5, 6, 8}
· PDCCH monitoring occasion for the set of search spaces
· One value of from {1-slot, 2-slot, [5-slot], [10-slot], [20-slot]} (at least 5 values)
· One or more value(s) from 1st symbol, 2nd symbol, …, 14th symbol within a monitored slot
· Each set of search spaces associates with a CORESET configuration by RRC signaling
In RAN1 E-mail Discussion [90b-NR-22], the following are agreed:
Agreements:
· PDCCH candidates having different DCI payload sizes count as separate blind decodes
· PDCCH candidates comprised by different sets of CCE(s) count as separate blind decodes.
· PDCCH candidates in different CORESETs count as separate blind decodes.
· PDCCH candidates having the same DCI payload size and comprised by the same set of CCE(s) in the same CORESET count as one blind decodes.
Agreements:
· For non-CA and for PDCCH monitoring periodicity of 14 or more symbols, the maximum number of PDCCH blind decodes per slot is:
· Working assumption: 44 for SCS = 15kHz.
· Working assumption: less than 44 at least for SCS = 60kHz and 120kHz.
· For the given SCS, all UEs support the maximum number of PDCCH blind decodes per slot.
· Companies are encouraged to complete the following table.
· Aiming to finalize this at RAN1#91.
	No. of PDCCH BDs per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Periodicity of 14 or more symbols
	44
	[22-44]
	[11-44]
	[6-44]

	Periodicity of less than 14 symbols
	[44-86]
	[22-86]
	[11-44]
	[6-44]


Agreements:
· Companies are encouraged to provide the views on the following aspects:
· Whether to specify upper limit of channel estimations a UE can perform for PDCCH;
· If yes, how channel estimation is defined (e.g., per CCE or per REG bundle, whether common counting principle between narrowband RS and wideband RS), and;
· What is the exact value of the upper limit of channel estimation a UE can perform for PDCCH.
	No. of CCEs that the UE can perform channel estimation per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Periodicity of 14 or more symbols
	[48-74]
	
	
	

	Periodicity of less than 14 symbols
	
	
	
	


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 is 4 or 8.
Agreements:
· For each SCS, whether or not separate UE capabilities for PDCCH monitoring periodicities are needed is concluded at RAN1#91.
	
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Need of separate UE capabilities for (i) PDCCH monitoring of 14 or more symbols and (ii) PDCCH monitoring of less than 14 symbols
	Y/N
	Y/N
	Y/N
	Y/N


In RAN1 E-mail Discussion [90b-NR-23], the following proposals are agreed:
Proposal 1:
· For PDCCH monitoring occasion of 1-slot, 2-slot, [5-slot], [10-slot], and [20-slot],
· Slot-level offset value for PDCCH monitoring occasion is also supported.
· For N-slot monitoring occasion, the offset is one from [0, N-1].
· Note: symbol-level bit-map of monitoring occasion within a slot agreed at RAN1#90bis is still available.
Proposal 2:
· For the DMRS of NR-PDCCH in a CORESET,
· The QCL configuration/indication is on a per CORESET basis (Alt.1).
Proposal 3:
· The value(s) of TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, and/or TPC-SRS-RNTI, are provided by RRC signaling.
· The association between at least each of the following RNTIs and a DCI format is specified in the specification.
· C-RNTI, TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, TPC-SRS-RNTI, INT-RNTI, SFI-RNTI. FFS: other RNTI(s).
· The value of C-RNTI is obtained as part of random access procedure.
· The association between a DCI format and a type of search space (UE-common search space and UE-specific search space) is specified in the specification.
· UE-common search space contains a DCI format of C-RNTI, RNTI(s) for SPS/grant-free, TPC-PUSCH-RNTI, TPC-PUCCH,RNTI, TPC-SRS-RNTI, and INT-RNTI.
· UE-specific search space contains a DCI format of C-RNTI and RNTI(s) for SPS/grant-free.
Proposal 4:
· By PBCH, a UE obtains at least onea CORESET configuration at least for PDCCH scheduling RMSI associated with a given SS block.
· The set of aggregation levels and candidates per aggregation level search spaces 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 onea 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.
· By UE-specific RRC signalling, the UE can be configured with one or more CORESET configuration(s) at least for PDCCH scheduling UE-specific data.
· Each CORESET configuration is associated with one or more sets of search spaces.
· Note: each set of search spaces is associated with one CORESET configuration.
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