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1 Introduction
In this paper, we discuss the remaining issues regarding NR DL control channels, including

· Number of blind decodes

· Remaining issues for CORESET configurations

· Spec correction for 38.211

· Reception of multiple PDSCHs simultaneously
2 Number of blind decodes
In RAN1#91, the number of blind decodes in the following table for Cases 1-1, 1-2, and 2 were agreed. For Case 2, X<=16, Y<=8.   

	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]


Based on the agreement, in Case 2, it may happen that the number of blind decodes in the first 3 OFDM symbols is very large. For example, when X=16 in 15kHz SCS, the number of blind decodes may be 50 for the first 3 OFDM symbols and 10 after that. Then the decoding complexity in the first 3 symbols in Case 2 is higher than that in Case 1-1. To prevent this case, we have the following proposal.

Proposal #1:
· For Case 2, the number of blind decodes in the first 3 OFDM symbols is no larger than that in Case 1-1.
3 Remaining issues in CORESET Configurations

The agreements regarding the DCI format monitoring within search space configured by UE-specific RRC signalling are listed below.

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

Based on the agreements, the UE can be configured to monitor more than one DCI formats in one CSS if the CSS is configured by UE-specific RRC signaling. Assume the UE needs to monitor DCI format 0_0/1_0 and DCI format 2_0 in one CSS simultaneously. To receive the GC-PDCCH properly, the UE also needs to receive the SFI-related RRC parameters as part of search space configurations. In SFI-related RRC parameters, the candidate numbers of monitored aggregation levels (AL) are provided. It is likely that the candidate numbers per AL in CSS are higher than that in SFI-related parameters. When the parameters exist in both search space configurations and SFI-related RRC parameters and the values are not the same, the UE monitors GC-PDCCH based on the SFI-related RRC parameters. The GC-PDCCH candidates are allocated on the first 
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Proposal #2: For the search space set configured by UE-specific RRC signalling, when the candidate number of aggregation levels in CSS configurations and SFI-related parameters are not consistent, the UE monitors the GC-PDCCH according to the SFI-related parameters.
· The GC-PDCCH candidates are allocated on the first 
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4 Spec correction for 38.211

In RAN1 #91 meeting, the following agreement regarding reference point for PDCCH DMRS generation was made. 

Agreements:
· Reference point for DMRS generation for PDCCH is,
· PRB 0 of common PRB indexing for UE-specific CORESET
· PRB 0 of the initial active DL BWP for CORESET configured by PBCH/RMSI

When the CORESET is configured by PBCH or RMSI, the PRB 0 of the initial active DL BWP is the reference point of DMRS generation. The CORESET configured by RMSI was agreed to be confined within the initial active DL BWP, therefore, the UEs can stay in the initial active DL BWP during the initial access. But, there is no restriction on the bandwidth of CORESET configured by RMSI. In our view, either the frequency or time resource allocation (RA) can be flexible for the CORESET configured by RMSI. In other words, there is no need to have the same bandwidth of the initial active DL BWP for the CORESET configured by RMSI. Therefore, the text in Section 7.4.1.3.2 of 38.211 v15.0.0 should be changed.

Proposal #3: The reference point is subcarrier 0 of the lowest-numbered common resource block in the initial active DL BWP if the CORESET is configured by the PBCH or RMSI.
-------------------------------- Begin of text proposal Section 7.4.1.3.2 of 38.211 -----------------------------------

…

The reference point for 
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-
subcarrier 0 of the lowest-numbered common resource block in the initial active DL BWPCORESET if the CORESET is configured by the PBCH or RMSI,

-
subcarrier 0 in common resource block 0 otherwise

The reference point for 
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 is the first OFDM symbol of the CORESET.

…

-------------------------------- End of text proposal Section 7.4.1.3.2 of 38.211 -----------------------------------
5 Reception of multiple PDSCHs simultaneously

According to TS 38.202, UE in RRC_CONNECTED can receive at most 4 PDSCHs simultaneously. See Figure 1 as an illustration. These 4 PDSCHs are indicated by PDCCHs with CRCs scrambled by C-RNTI, P-RNTI, SI-RNTI, and RA-RNTI. This means UE needs to reserve hardware capability for 4 simultaneous PDSCHs to take care of the worst case. In LTE, to reduce UE cost, it is specified in TS 36.213 that UE is not required to decode the PDSCH associated with C-RNTI, when RA-RNTI and C-RNTI are assigned in the same subframe. We think the same UE behaviours should be adopted in NR as well.
	
[image: image11]


Figure 1. Multiple PDSCHs received simultaneously by UE

In our view, all NR UEs are required to support the following 

· In an OFDM symbol, REs comprise those for 1 unicast PDSCH and up to 2 broadcast PDSCHs;

· In an OFDM symbol, REs comprise those for up to 3 broadcast PDSCHs;

The complementary scenarios of the above are given below. UE behaviours should be specified for these cases. 

· In an OFDM symbol, REs comprise those for 1 unicast PDSCH and 3 broadcast PDSCHs;

· In an OFDM symbol, REs comprise those for 2 unicast PDSCHs.

For both cases, UE can drop the unicast PDSCH.

Based on the discussion above, we have the following proposals.

Proposal #4: When PDSCH indicated by RA-RNTI and PDSCH indicated by either C-RNTI or C-RNTI(s) for SPS/grant-free are assigned in common OFDM symbol(s), the UE is not required to decode a PDSCH indicated by a PDCCH with a CRC scrambled by C-RNTI or C-RNTI(s) for SPS/grant-free.
Proposal #5: When two PDSCHs indicated by either C-RNTI or C-RNTI(s) for SPS/grant-free are assigned in common OFDM symbol(s), the UE is not required to decode the PDSCH with lower priority.

· When two PDSCHs have different starting OFDM symbols, the one with later starting symbol has lower priority

· When two PDSCHs have the same starting OFDM symbol, the one with smaller TBS has lower priority
6 Conclusions

In this paper, we discuss the remaining issues in search space, and the proposals are listed as follows.
Proposal #1:
· For Case 2, the number of blind decodes in the first 3 OFDM symbols is no larger than that in Case 1-1.
Proposal #2: For the search space set configured by UE-specific RRC signalling, when the candidate number of aggregation levels in CSS configurations and SFI-related parameters are not consistent, the UE monitors the GC-PDCCH according to the SFI-related parameters.

· The GC-PDCCH candidates are allocated on the first 
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Proposal #3: The reference point is subcarrier 0 of the lowest-numbered common resource block in the initial active DL BWP if the CORESET is configured by the PBCH or RMSI.
Proposal #4: When PDSCH indicated by RA-RNTI and PDSCH indicated by either C-RNTI or C-RNTI(s) for SPS/grant-free are assigned in common OFDM symbol(s), the UE is not required to decode a PDSCH indicated by a PDCCH with a CRC scrambled by C-RNTI or C-RNTI(s) for SPS/grant-free.
Proposal #5: When two PDSCHs indicated by either C-RNTI or C-RNTI(s) for SPS/grant-free are assigned in common OFDM symbol(s), the UE is not required to decode the PDSCH with lower priority.

· When two PDSCHs have different starting OFDM symbols, the one with later starting symbol has lower priority

· When two PDSCHs have the same starting OFDM symbol, the one with smaller TBS has lower priority
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