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1. cinit for PDCCH DMRS generation (TS38.211 Section 7.4.1.1.1)
Huawei, MediaTek, DOCOMO, Nokia, Ericsson, Qualcomm, propose the same equation (e.g., see R1-1801645) while there are other proposed equations from other companies (e.g., Intel, R1-1802406). Intel’s comment: what is the common understanding about the issue itself? Based our review of the tdocs, it seems most companies don’t want to address this issue. Is this because we think that this can always be avoided by relying on proper cell planning to avoid “bad combinations” of PCIDs for neighboring cells and thus, nothing further needs to be done, OR is it that some think that there is no problem at all?
Proposal: Discuss offline further. Following two are now on the table. The key issue is whether to include 
Opt.1: Not using SFN.
Text proposal:
=== Start ===
The pseudo-random sequence generator shall be initialized with

Where l is the OFDM symbol number within the slot,  is the slot number within a frame, and
·  is given by the higher-layer parameter PDCCH-DMRS-Scrambling-ID if provided
 otherwise.
=== End ===
Opt.2: Using SFN.
=== Start ===
The pseudo-random sequence generator shall be initialised with






at the start of first PDCCH OFDM symbol where  is the slot number within a radio frame,  is the OFDM symbol number within a slot, and  equals the higher-layer parameter PDCCH-DMRS-ScramblingID , and  for CORESET configured by PBCH
=== End ===

2. Cyclic shift for PDCCH interleaver (TS38.211 Section 7.3.2.1)
There are various views and no majority is found. Direct use of ID for nshift, i.e., nshift = N_ID, has a larger support among the proposals. One concern shared by Intel is that this direct use of ID with current 211 texts results in additional permutation through the interleaving process, which is not consistent with previous RAN1 agreement “no any further permutation is introduced.” 
	




For interleaved CCE-to-REG mapping, for  and  for  where  is configured by the higher-layer parameter CORESET-REG-bundle-size. The interleaver is defined by 



where  is given by the higher-layer parameter CORESET-interleaver-size and where


-	 is a function of for a PDCCH transmitted in a CORESET configured by the PBCH or RMSI 

-	 is a function of the higher-layer parameter CORESET-shift-index.


[image: ]
Figure 1 . Interleaving sequence using the existing equations where  is in units of CORESET-interleaver-size

	




For interleaved CCE-to-REG mapping, for  and  for  where  is configured by the higher-layer parameter CORESET-REG-bundle-size. The interleaver is defined by 


where  is given by the higher-layer parameter CORESET-interleaver-size and where


-	 is a function of for a PDCCH transmitted in a CORESET configured by the PBCH or RMSI 

-	 is a function of the higher-layer parameter CORESET-shift-index. 

     -    is a cyclic shift of the interleaving unit which is an REG bundle
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Figure 2. Interleaving sequence using the modified equation where  is in units of interleaving unit = 1 REG bundle
Proposal: Discuss offline further. 


3. Physical layer parameters for RMSI CORESET (TS38.213 Section 13?)
All companies propose interleaved CCE-to-REG mapping with REG-bundle size of 6. Regarding the number of rows for interleaver, various views, but I understand R=2 is simpler way and hence we are fine with R=2. Is there any concern on {REG-bundle-size=6, interleaved CCE-to-REG mapping, and R=2}? For precoder-granularity, only Samsung/DOCOMO propose wideband RS (precoder granularity = CORESET size) for some/all RMSI CORESET configurations. Is it acceptable to go with narrowband RS (precoder granularity = REG-bundle size) for all RMSI CORESET configurations? If you have a strong concern, please share how much critical problem it is, and how it should be resolved.
Proposal: For RMSI CORESET, Interleaved CCE-to-REG mapping with REG-bundle size of 6 and the number of rows of 2. Precoder granularity = REG-bundle size for all the configurations. TP will be provided once agreed.


4. Collision b/w SSB and PDCCH (TS38.213 Section 10)
Three directions are found: (1) Assume no SSB on overlapped resource (Samsung), (2) Drop the PDCCH candidate if any CCE is overlapped (Nokia), (3) Rate-matching (LGE, Ericsson), (4) Drop the PDCCH candidate if capability of PDCCH rate-matching around SSB is not indicated by UE, otherwise, rate-matching (Spreadtrum). Just drop PDCCH candidate is simpler and seems no harm. Is there any concern on just dropping the PDCCH candidate? If you have a strong concern, please share how much critical problem it is, and how it should be resolved.
Proposal: Drop any PDCCH candidates having CCE overlapped with the SSB.
=== Start ===
[bookmark: _Toc505848935]10	UE procedure for receiving control information
[…]
A UE can be configured by higher layer parameter SSB-periodicity-serving-cell a periodicity of half frames for reception of SS/PBCH blocks in a serving cell. If the UE has received SSB-transmitted-SIB1 and has not received SSB-transmitted, the UE is not expected to receive and if REs for a PDCCH reception whose REs are overlapped with REs corresponding to SS/PBCH block indexes indicated by SSB-transmitted-SIB1, the UE receives the PDCCH by excluding REs corresponding to SS/PBCH block indexes indicated by SSB-transmitted-SIB1. If a UE has received SSB-transmitted, the UE is not expected to receive and if REs for a PDCCH reception  whose REs are overlapped with REs corresponding to SS/PBCH block indexes indicated by SSB-transmitted, the UE receives the PDCCH by excluding REs corresponding to SS/PBCH block indexes indicated by SSB-transmitted.
[…] 
=== End ===

5. PDCCH RE mapping (TS38.211 Section 7.3.2.5)
As proposed by Panasonic/Qualcomm, DMRS REs need to be excluded. This is a pure CR and we should not spend time on this. MediaTek and Spreadtrum propose RE mapping order. However, this was discussed in the last meeting online, but no critical problem on the current description was found. So my suggestion is not to change the current spec. In summary, only excluding DMRS REs is proposed.
Besides, during email discussion, it was understood that it is important to clarify that RS/resources other than DMRS does not impact on PDCCH rate-matching. This should also be agreed.
Proposal: PDCCH REs are not mapped on DMRS REs. Following is the text proposal.
Proposal: Clarify that ZP/NZP-CSI-RS, PT-RS, “not available for PDSCH” does not impact on PDCCH resource mapping and rate-matching.
=== Start ===
[bookmark: _Toc500952726]7.3.2.5	Mapping to physical resources






[bookmark: _Hlk498433213]The UE shall assume the block of complex-valued symbols  to be scaled by a factor  and mapped to resource elements  not used for PDCCH DMRS in increasing order of first , then , in the resource-element groups used for the monitored PDCCH. The antenna port  .
=== End ===

6. PDCCH scrambling (TS38.211 Section 7.3.2.3)
Two discussion points were raised. The first one is about n_ID in the CSS. With the current texts, n_ID is different depending on the RNTI for the PDCCH for a given search space, resulting in doubled blind decodes. Another is the concern on duplicated use of RNTI for PDCCH scrambling and CRC scrambling. Intel contribution R1-1802406 points out that purely from an encoding/decoding perspective, i.e., no impact of channel noise or fading in these evaluations, the current design leads to false CRC passes. For different sequences of info bits, ALs, hashing functions, etc., different pairs of RNTIs that would have this issue are found. 
Proposal: Agree following TP. Then, discuss further Intel’s point.
=== Start ===
The scrambling sequence generator shall be initialized with


where

-	 equals the higher-layer parameter Control-scrambling-Identity if configured for a PDCCH in a UE-specific search space and the RNTI associated with the PDCCH transmission is the C-RNTI,

-	 otherwise


and where  is given by the C-RNTI for a PDCCH in a UE-specific search space and   for a PDCCH in a common search space.
=== End ===

7. DMRS mapping (TS38.211 Section 7.4.1.3.2)
DMRS frequency-shift mapping has been proposed by CMCC for a couple of meetings. Although a benefit of the proposal is found in some cases, my impression is not critical. Is it OK not to support this in Rel.15? If there is a strong concern, please share how much critical problem it is. Another point is whether to modify the current equation. Based on the agreement in RAN1 AH 1801, DMRS mapping equation is updated to realize different sequences across symbols, while the equation/DMRS mapping itself has not been updated. Based on the per-symbol sequence generation, DMRS mapping should also be per symbol.
Proposal: DMRS frequency-shift mapping is not supported in Rel.15. Update the equation for DMRS mapping as following text proposal.
=== Start ===
[bookmark: _Toc500952741]7.4.1.3.2	Mapping to physical resources


The UE shall assume the sequence  is mapped to resource elements  according to



where the following conditions are fulfilled
-	they are within the resource element groups constituting the PDCCH the UE attempts to decode if the higher-layer parameter CORESET-precoder-granularity equals CORESET-REG-bundle-size,
[bookmark: _Hlk498503459]-	all resource-element groups within the set of contiguous resource blocks in the CORESET where the UE attempts to decode the PDCCH if the higher-layer parameter CORESET-precoder-granularity equals the size of the CORESET in the frequency domain.

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

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

The antenna port  .
A UE not attempting to detect a PDCCH in a CORESET shall not make any assumptions on the presence or absence of DM-RS in the CORESET.
In absence of CSI-RS or TRS configuration, and unless otherwise configured, the UE may assume PDCCH DM-RS and SS/PBCH block to be quasi co-located with respect to Doppler shift, Doppler spread, average delay, delay spread, and spatial Rx.
=== End ===
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Agreements:
RAN1 #90
	Agreements:
· Working assumptions are confirmed with the following details.
· For 1/2/3-symbol CORESET, REG bundle size of 6 is supported.
· A REG bundle size is as part of CORESET configuration for a CORESET configured by UE-specific higher-layer signalling.
· FFS: CORESET(s) configured by non UE-specific signaling.
· FFS: UE assumes that precoder granularity in frequency domain is equal to the REG bundle size in the frequency domain
· FFS: gNB can inform to the UE whether or not to assume the same precoder over multiple REG bundles.
· Note: more than one CORESET(s) with the UE-specific higher-layer signaling can be configured for the same UE
Agreements:
· Interleaving operates on REG bundles
· FFS: interleaving in the case if and when gNB informs to the UE to assume the same precoder over multiple REG bundles
Agreements:
· For interleaving CORESET, the interleaving pattern is derived by the CORESET configuration and is not dependent on other CORESET configuration.
· Note: Following metrics can be considered
· Good frequency distribution of REG bundles within the CORESET
· Blocking probability for potential overlapped CORESET(s)
· Inter-cell/inter-TRP interference randomization
Agreements:
· DMRS density for a CORESET is down-selected between 1/3 or 1/4.
· FFS: need of additional DMRS density.
· Sequence, density, and applicability of MU-MIMO is still under discussion
Working assumption:
· DM-RS density per REG is 1/4 at least for normal CP
· FFS: orthogonal DMRS for MU-MIMO at RAN1 NR AH#3.
· FFS: URLLC
Working assumption:
· False alarm target equivalent to 21 bit CRC (i.e., 2-21) is supported for NR DL control channel



RAN1 #NR AH3
	Agreements:
· Confirm the following working assumption:
· DM-RS density per REG is 1/4 at least for normal CP.
· FFS: orthogonal DMRS for MU-MIMO at RAN1 NR AH#3.
· FFS: URLLC
· DMRS density per REG for extended CP is same as that for normal CP
Working assumption
· For a CORESET, precoder granularity in frequency domain is:
· Configurable between i) equal to the REG bundle size in the frequency domain; or ii) equal to the number of contiguous RBs in the frequency domain within the CORESET
· For ii), DMRS is mapped over all REGs within the CORESET.
Agreement: DMRS positions for PDCCH
· Working assumption: Equally-distributed within a REG




RAN1 #90bis
	Agreements:
· Support for a UE, configurable ID for PDCCH DMRS at least for the initialization of DMRS sequence/scrambling.
· FFS: whether this is used also for other purpose.
· FFS details including the applicability of configurable ID 
· NR support the following interleaver
· The number of rows A configured from {2, 3, and 6}, and the number of columns (P/A), where P is the number of interleaving unit for the given CORESET, and write in the row and read in the column
· No any further permutation is introduced
· Cyclic shift of the interleaving unit is applied based on the configurable ID which is independent parameter from the configurable ID for DMRS
Agreements:
· Confirm the WA: DMRS is evenly distributed within a REG
· DMRS REs are #1, #5, #9
Agreements:
· DMRS sequence is a Gold sequence as in LTE
· Note: in case if new Gold sequence is introduced for NR, this would be revisited
· DMRS sequence for NR-PDCCH is obtained according to a reference point in frequency domain.
· FFS the reference point
Agreements:
· Confirm the WA with the following clarifications (in red):
· For each CORESET, precoder granularity in frequency domain is:
· Configurable between i) equal to the REG bundle size in the frequency domain; or ii) equal to the number of contiguous RBs in the frequency domain within the CORESET
· For ii), DMRS is mapped over all REGs within CORESET.
· RAN1 assumes that CORESET for PDCCH scheduling RMSI can be configured with Option i)
· In Option ii) UE may assume DMRS is present in all REGs within the set of contiguous RBs of the CORESET where and when at least one REG of a candidate is mapped.




RAN1 #91
	Agreements:
· For each CORESET configured by PBCH, physical cell ID is used for DMRS sequence initialization
· Working assumption: For each CORESET configured by RMSI, it can be configured with a configurable ID for DMRS sequence initialization via RMSI (if not configured,  physical cell ID is used for DMRS sequence initialization)
· Working assumption: The value range of the configurable ID is the same as that for physical cell ID
· For each CORESET configured by UE-specific RRC signalling, a UE is configured with a configurable ID for DMRS sequence initialization
· Working assumption: The value range of the configurable ID is the same as that for physical cell ID in Rel-15  NOTE: there is subsequent agreement made in 7.2 which replaces working assumption
Agreements:
· No new RRC parameter is necessary to identify the reference point for DMRS generation for the given CORESET.
· For a CORESET configured by UE-specific RRC signaling, a configurable ID for cyclic shift of the interleaving unit.
· The value range of the configurable ID is {0 - 274}.
· For a CORESET configured by PBCH/RMSI, physical cell ID is used for the cyclic shift of the interleaving unit.
Agreements:
· The same length-31 Gold sequence with LTE is used for scrambling PDCCH and DMRS for PDCCH.
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




RAN1 #NR-AH1801
	Agreements:
· Adopt following text proposal for PDCCH scrambling (TS38.211 Section 7.3.2.3)
==
The scrambling sequence generator shall be initialized with

where

-	 equals the higher-layer parameter Control-scrambling-Identity if configured and RNTI is equal to C-RNTI,  otherwise, and
-	 is C-RNTI for PDCCH in USS, while is 0 for PDCCH in CSS.
==
Companies can check whether the above agreements are consistent with previous coding discussion/agreements or not

Agreements:
· DM-RS sequence for PDCCH is initialized with an equation with at least symbol index, slot index, and the ID.
· FFS: further randomization to avoid consistent collisions over frames.
· DMRS sequence for PDCCH is generated per symbol.

Agreements:
· The TP in R1-1801278 for 38.211 is endorsed
· The last sentence is subject to editor’s refinement
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