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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
Regarding on PDCCH scrambling and the initialization of DMRS sequence/scrambling, following agreements were achieved at RAN1 #90bis and #91 meetings, respectively.
Agreements [1]:
· 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 
Agreements [2]:
· 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:
· The same length-31 Gold sequence with LTE is used for scrambling PDCCH and DMRS for PDCCH.

Regarding on PDCCH scrambling and PDCCH DMRS initialization/scrambling, following is captured in TS38.211 V2.0.0 [3]
7.3.2.3 	Scrambling



The UE shall assume the block of bits , where  is the number of bits transmitted on the physical channel, is scrambled prior to modulation, resulting in a block of scrambled bits  according to



where the scrambling sequence  is given by clause 5.2.1. 
[bookmark: _Toc500952740]7.4.1.3.1	Sequence generation

The UE shall assume the reference-signal sequence  is defined by

.

[bookmark: _Hlk500028516]where the pseudo-random sequence  is defined in clause 5.2.1. 

The details of PDCCH scrambling and PDCCH DMRS sequence generation have not been decided yet, which are addressed in this contribution. In addition, remaining issues about RMSI CORESET, including s CCE to REG mapping mode and precoder granularity, are discussed in this contribution.
2. Discussions 
2.1 PDCCH scrambling
In LTE, cell-specific scrambling based on time component (i.e. ns) and cell ID is applied for PDCCH. It is beneficial to randomize the interference between cells in order to exploit the processing gain in the decoding operation, which can be reused by NR, at least for the CORESET configured by PBCH.
However, this scheme has some disadvantages. Firstly, generating the scrambling sequence depending on the cell ID would be an issue in multiple TRP deployment (i.e. CoMP scenario). Secondly, including a time component in making the scrambling sequence may become problematic in unlicensed spectrum operation, where the transmitting occasion is unknown when preparing the data, and is available only after LBT operation. Moreover, considering that Polar coding is used for PDCCH in NR, if a same scrambling sequence is applied to all the UE in the same CORESET, a complete decoding is needed to distinguish different DCI by the scrambled CRC, thus the benefits brought by early termination in Polar coding is wasted.
To solve these problems, the scrambling should instead base on UE-specific ID, e.g. RNTI, for sequence initialization. Noted that the coded payload bits are scrambled according to the RNTI, and the CRC bits are disturbed into the coded channel bits. During blind decoding, if an incorrect descrambling sequence is applied before Polar decoding, such mismatch can be identified at the early stage of Polar decoding due to the CRC check failure. By this way, a failure blind decoding can be detected earlier during the Polar decoding phase, which is beneficial to reduce the decoding delay and processing burden. Moreover, it can further reduce the false alarm rate because the scrambling sequence is constructed according to the target RNTI.
In summary, we propose that, for CORESET configured by PBCH, the PDCCH scrambling sequence is initialized by cell ID as well as a time component for better interference randomization. For CORESET configured by higher layer signaling with a scrambling ID, additionally the RNTI is used for PDCCH scrambling. An example of the initialization sequence is listed below:
When scrambling ID is allocated, the initialization sequence can be constructed by formulation as:

, or


When there is no scrambling ID, time domain information of PDCCH is used to initialize the sequence as：


[bookmark: _Ref503538437]Proposal 1: For CORESET configured by PBCH, the PDCCH scrambling sequence is initialized by cell ID and a time component for better interference randomization. For CORESET configured by higher layer signaling with a scrambling ID, additionally the RNTI is used for PDCCH scrambling,

2.2 PDCCH DMRS sequence generation
Similar to the discussion for PDCCH scrambling, time domain randomization is important for PDCCH DMRS sequence generation, in order to achieve more robustness. On the other hand, for some scenario such as operating in unlicensed spectrum, the time domain component can be disabled by higher layer signaling. An example of the initialization sequence is listed below: 
If UE is allocated a scrambling ID, the initialization formulation can be configured by higher layer signaling between:


 or 
Otherwise, the initialization formulation is:


[bookmark: _Ref503538439]Proposal 2: For CORESET configured by PBCH, the PDCCH DMRS initialization/scrambling is initialized by cell ID and time domain component of the DMRS. For CORESET configured by higher layer signaling, the configured scrambling ID is used for the PDCCH DMRS initialization/scrambling, and additionally time domain component be used by configuration.
2.3 Remaining issues about RMSI CORESET
For RMSI CORESET configuration, some remaining aspects including CCE to REG mapping mode and precoder granularity have not been agreed yet.
With interleaved CCE-to-REG mapping mode, REG bundles composing a PDCCH that scheduling RMSI are well distributed over the CORESET T/F resources, then frequency diversity gain can be achieved which is helpful to coverage enhancement. Regarding the potential benefit, interleaving CCE to REG mapping mode should be adopted for RMSI CORESET.
[bookmark: _Ref503369221]Proposal 3: For CORESET configured by PBCH, interleaved CCE-to-REG mapping mode is adopted.
[bookmark: _Ref503369222]According to previous agreements, there are two options for precoder granularity in frequency domain: 
· Option1: equal to the number of contiguous RBs in the frequency domain within the CORESET;
· Option2: equal to the REG bundle size (= 6 for CORESET configured by PBCH) in the frequency domain; 
In option 1, wideband RS is mapped over the whole CORESET bandwidth and offers some benefits including higher channel estimation accuracy and PDCCH coverage improvement since RS outside PDCCH region can also be used for channel estimation. It may also help reduce the channel estimation burden.  
On the other hand, with a large enough bundle size and precoder cycling, option 2 may also provide comparable channel estimation performance as option 1. Moreover, it works better than option 1 if different search spaces are multiplexed in the same CORESET, where UE-specific precoding can be applied. Therefore, we have a slight preference on option 2.
[bookmark: _Ref503603383]Proposal 4: For CORESET configured by PBCH, the same precoding in the frequency domain is applied within a REG bundle, the size of which is 6 REG.
3. Conclusion
In this contribution, we provides the detailed design for PDCCH scrambling and PDCCH DMRS sequence generation, as well as some remaining issues about the RMSI CORESET. Based on the discussion, we propose that:
Proposal 1: For CORESET configured by PBCH, the PDCCH scrambling sequence is initialized by cell ID and a time component for better interference randomization. For CORESET configured by higher layer signaling with a scrambling ID, additionally the RNTI is used for PDCCH scrambling,
Proposal 2: For CORESET configured by PBCH, the PDCCH DMRS initialization/scrambling is initialized by cell ID and time domain component of the DMRS. For CORESET configured by higher layer signaling, the configured scrambling ID is used for the PDCCH DMRS initialization/scrambling, and additionally time domain component be used by configuration.
Proposal 3: For CORESET configured by PBCH, interleaved CCE-to-REG mapping mode is adopted.
Proposal 4: For CORESET configured by PBCH, the same precoding in the frequency domain is applied within a REG bundle, the size of which is 6 REG.
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