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1 Introduction
In this paper, we discuss the remaining issues regarding NR DL control channels, including
· Simultaneous transmissions of PDSCHs indicated by PDCCHs with CRC scrambled by RA-RNTI and C-RNTI
· Number of blind decodes in non-CA
· Number of blind decodes in CA
· Spec correction for 38.211

· Spec correction for 38.213

2 Simultaneous transmission of PDSCHs indicated by PDCCHs with CRC scrambled by RA-RNTI and C-RNTI
In the Section 7.1 of LTE spec 36.213, the following description is provided.

“When RA-RNTI and either C-RNTI or SPS C-RNTI are assigned in the same subframe, the UE is not required to decode a PDSCH on the primary cell indicated by a PDCCH/EPDCCH with a CRC scrambled by C-RNTI or SPS C-RNTI.”
One scenario that the network assigns two PDSCHs indicated by PDCCHs with CRC scrambled by RA-RNTI and C-RNTI to a UE is when RRC-CONNCECTED UE uses RACH to initiate scheduling request transmission while the network schedules DL data to the same UE simultaneously. When this happens, the PDSCH decoding burden for a UE is doubled. In LTE, to reduce the high UE implementation complexity on double decoding, the case is treated as error case from the eNB, therefore, the UE is not expected to decode the PDSCH indicated by a PDCCH with CRC scrambled by C-RNTI. In NR, the same rule should be applied to ease the UE’s decoding burden. We propose

Proposal #1: Adopt either one of the following options.

· Option 1. The following description is captured in Section 5.1 of 38.214.

· When RA-RNTI and either C-RNTI or SPS C-RNTI are assigned in the same slot, the UE is not required to decode a PDSCH on the primary cell indicated by a PDCCH with a CRC scrambled by C-RNTI or SPS C-RNTI.
· Option 2. Simultaneous decoding of PDSCH indicated by PDCCH with CRC scrambled by RA-RNTI and C-RNTI in the same slot is an optional UE feature.
-------------------------------- Begin of text proposal Section 5.1 of 38.214 -----------------------------------

…

[If a UE is configured to decode PDCCH with the CRC scrambled with the [C-RNTI], the UE shall decode the PDCCH and corresponding PDSCH.] 
When RA-RNTI and either C-RNTI or SPS C-RNTI are assigned in the same slot, the UE is not required to decode a PDSCH on the primary cell indicated by a PDCCH with a CRC scrambled by C-RNTI or SPS C-RNTI.

If the UE has received no SSB-transmitted through higher layer signalling about SS/PBCH block transmissions in the serving cell, the UE assumes SS/PBCH block transmission according to SSB-transmitted-SIB1, and if the PDSCH resource allocation overlaps with the SS/PBCH block transmission resources the UE shall determine that PDSCH is rate matched around them. The UE assumes the periodicity of the SS/PBCH block transmission resources based on SSB-periodicity-serving-cell.
…

-------------------------------- End of text proposal Section 5.1 of 38.214 -------------------------------------
3 Number of blind decodes in non-CA

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, the number 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. To prevent this case and distribute the complexity evenly in the monitoring occasions, we have the following proposals.
Proposal #2:
· For Case 2, the number of blind decodes in the first 3 OFDM symbols is no larger than that in Case 1.
· For Case 2, the number of blind decodes after the first 3 OFDM symbols are evenly distributed within the monitoring occasions.  
In our view, the PDCCH channel estimation complexity is not negligible at least in some cases. Solutions to resolve the channel estimation complexity issue together with the impact on PDCCH blocking probability are needed. 
Proposal #3: Define the limits on the number of CCEs for PDCCH channel estimation which refers to the union of the sets of CCEs for PDCCH candidates.
4 Number of blind decodes in CA
The following gives the agreements for the number of blind decodes in CA. The remaining issue is how large the N is in the agreements.
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 signalling 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 (no more than 8) is 4 or 8.
In LTE, the UE capability on the maximum number of blind decodes is reported for CA with more than 5 CCs, i.e., N is 5. The number of blind decodes for 5 CCs is 172 (=12+32*5), where 12 and 32 are the number of blind decode for PDCCH in the common search space (CSS) and UE-specific search space (USS), respectively. In NR, it was agreed that the maximum number of blind decode per slot is 44 for subcarrier spacing 15 kHz. Different from LTE, the UE may need to blindly decode the PDCCH, e.g., PDCCH with a CRC scrambled by SFI-RNTI, INT-RNTI, etc., in the CSS in SCell. Therefore, the derivation of the N should be based on 44 blind decodes per slot instead of individual blind decode number for CSS and USS. To keep similar UE complexity on PDCCH blind decoding in CA, we propose N is 4 and thus the maximum number of blind decode is 176 (=44*4) for CA with up to 4 CCs.

Proposal #4: For CA with up to 4 CCs, maximum number of PDCCH blind decodes per slot for a UE depends on the number of configured CCs; for CA with more than 4 CCs, maximum number of PDCCH blind decodes for a UE depends on the explicit UE capability.
5 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 #5: 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 
[image: image1.wmf]k

 is 

-
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 for the CORESET.

…

-------------------------------- End of text proposal Section 7.4.1.3.2 of 38.211 -----------------------------------

6 Spec correction for 38.213
The following lists the agreements regarding the resource allocation (RA) for CORESET configured by UE-specific RRC signalling.

Agreements:
· For a CORESET configured by UE-specific RRC signaling, DL BWP-specific RB indexing + RB-offset are used to configure frequency-domain resource
· The length of the bit-map is Floor((N_RB – (ceil(BWP_start/6)*6-BWP_start))/6)
· CORESET starting RB is ceil(BWP_start/6)*6
According to the agreements, the first PRB of CORESET configured by UE-specific RRC signaling is 
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. The text in Section 10.1 of 38.213 needs to be corrected.
Proposal #6: Revise the first PRB of CORESET configured by UE-specific RRC signalling as the following text proposal. 
-------------------------------- Begin of text proposal Section 10.1 of 38.213 -----------------------------------

…

For each control resource set in a DL BWP of a serving cell, a respective higher layer parameter CORESET-freq-dom provides a bitmap. The bits of the bitmap have a one-to-one mapping with non-overlapping groups of 6 PRBs, in ascending order of the PRB index in the DL BWP bandwidth of 
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 PRBs where the first PRB of the first group of 6 PRBs has index 
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 [removed]. 
…
-------------------------------- End of text proposal Section 10.1 of 38.213 -------------------------------------
7 Conclusions

In this paper, we discuss the remaining issues regarding NR DL control channels. The proposals from the discussion are as follows.
Proposal #1: Adopt either one of the following options.

· Option 1. The following description is captured in Section 5.1 of 38.214.

· When RA-RNTI and either C-RNTI or SPS C-RNTI are assigned in the same slot, the UE is not required to decode a PDSCH on the primary cell indicated by a PDCCH with a CRC scrambled by C-RNTI or SPS C-RNTI.
· Option 2. Simultaneous decoding of PDSCH indicated by PDCCH with CRC scrambled by RA-RNTI and C-RNTI in the same slot is an optional UE feature.
Proposal #2:
· For Case 2, the number of blind decodes in the first 3 OFDM symbols is no larger than that in Case 1.
· For Case 2, the number of blind decodes after the first 3 OFDM symbols are evenly distributed within the monitoring occasions.  
Proposal #3: Define the limits on the number of CCEs for PDCCH channel estimation which refers to the union of the sets of CCEs for PDCCH candidates.
Proposal #4: For CA with up to 4 CCs, maximum number of PDCCH blind decodes per slot for a UE depends on the number of configured CCs; for CA with more than 4 CCs, maximum number of PDCCH blind decodes for a UE depends on the explicit UE capability.
Proposal #5: 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 #6: Revise the first PRB of CORESET configured by UE-specific RRC signalling as the following text proposal. 
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