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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
In this contribution, some remaining issues of PDCCH structure are discussed, including,
· The details of PDCCH DMRS sequence generation
· Remaining issues about PDCCH interleaving including function of nshift and NULL elements inserted into the interleaving matrix
· PDCCH mapping to physical resources
· Remaining issues about RMSI CORESET, including CCE to REG mapping mode and precoder granularity.
2. Discussions 
2.1 PDCCH DMRS sequence generation
Regarding on the initialization of PDCCH DMRS sequence/scrambling, following agreements were achieved at RAN1 ad_hoc #1801 meeting [1].
	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.


It’s agreed that DM-RS sequence for PDCCH is initialized with an equation with at least symbol index, slot index, and the ID. In our view, on one hand, time domain randomization is important for PDCCH DMRS sequence generation to achieve more robustness. However, iit seems that currently agreed parameters are already enough for exploiting interference randomization. Even in the case of synchronized network deployment, the network is free to configure different IDs to the CORESETs from neighbouring cells or TRPs. Thus consistent collisions over frames can be avoided.
On the other hand, for some scenario such as operating in unlicensed spectrum, it is beneficial to disable the time domain component by higher layer signaling in order to reduce the processing delay and implementation complexity. Therefore, the PDCCH DMRS initialization sequence can be defined as:


Where 
· 

 and  are given by higher-layer parameters if provided,
· 

 and  otherwise

[bookmark: _Ref506298593][bookmark: _Ref503538439][bookmark: OLE_LINK7][bookmark: OLE_LINK8]Proposal 1: The PDCCH DMRS sequence is initialized by , where 
· 

 and  are given by higher-layer parameters if provided,
· 

 and  otherwise.
 
2.2 Remaining issues about PDCCH interleaving
2.2.1 Function of nshift
Regarding the cyclic shift of the interleaving unit, some agreements were achieved in RAN1 #91 as following [2]:
	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.


In section 7.3.2.2 of TS 38.211 [3], the description of cyclic shift of CCE-to-REG mapping is as follows:


-	 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.


Although it has not been agreed a specific cyclic shift function, the most straightforward solution is simply performing cyclic shift in the granularity of interleaving unit, i.e.  in a CORESET configured by PBCH/RMSI, or is equal to the UE-specific configured ID in a UE-specific CORESET. It has argued that such cyclic shift function may result in higher inter-CORESET allocation blocking rate. However, this issue can be solved by configuring a proper cyclic shift ID by network. Moreover, the proposed cyclic shift function claimed to reduce the blocking, would otherwise inevitably limit the achievable randomization gain. Such restriction is nevertheless undesirable. 

Therefore, it is proposed that  is equal to PCI in PBCH/RMSI CORESET, or the UE-specific configured ID in a UE-specific CORESET. By this way, the network has the maximum flexibility to determine the cyclic shift, and is able to tradeoff between better interference randomization and lower blocking rate.
[bookmark: _Ref506299180]Proposal 2: 
· For a CORESET configured by UE-specific RRC signalling, nshift is equal to 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, nshift is equal to physical cell ID is used for the cyclic shift of the interleaving unit.
2.2.2 NULL elements inserted to the interleaving matrix 
In NR, the CCE-to-REG mapping for a CORESET can be interleaved or non-interleaved. Interleaving operates on the REG bundles. The operation of NULL element insert has been discussed in the previous meeting but no consensus has been reached. 
	Offline discussion on the detailed TP on how NULL elements are inserted into the interleaving matrix
Discuss till next meeting


According to the current NR specification in Section 7.3.2.2, TS 38.211 [3], the interleaver is defined by 










where  is the number of REGs in the CORESET,  is the REG bundle size,  is given by the higher-layer parameter CORESET-interleaver-size and is a configurable shift. The number of REG bundles is , which is an integer since is divisible by 6 and {2, 6} when the CORESET does not span more than 2 OFDM symbols and {3, 6} when the CORESET uses 3 OFDM symbols.
It’s well known that NULL element is needed in the interleaver matrix if the configured row of the interleaver does not match the total number of REGs. However, in RAN1 ad-hoc #1801, the TP in R1-1801278 for 38.211 is endorsed. That is, the UE is not expected to handle configurations resulting in the quantity C not being an integer. Therefore there is no longer a need to insert NULL elements to the rectangular matrix.
Observation: There is no longer a need to insert NULL elements to the interleaver matrix.
2.3 Remaining issues about PDCCH mapping
Regarding the mapping of PDCCH to PRB, agreements achieved in RAN #89 meeting as following [4]:
	Agreements:
· For REG-to-CCE mapping for a CORESET with more than 1-symbol;
· REG bundle is defined in time and frequency-domain
· At least support following:
· Time-first mapping where one of the following is configured.
<…>


However, the current specification copied below does not reflect that [3].
	




The UE shall assume the block of complex-valued symbols  to be scaled by a factor  and mapped to resource elements   in increasing order of first , then , in the resource-element groups used for the monitored PDCCH.


It’s only agreed time first REG-CCE mapping scheme. But the above text is unclear and misleading, since it can be understood as that the PDCCH will be mapped in frequency first manner. So some clarification is needed. We propose as following:
	




The UE shall assume the block of complex-valued symbols  to be scaled by a factor  and mapped to resource elements   in increasing order of first , then , in the resource-element groups within a CCE, and then in increasing order of index of CCEs used for the monitored PDCCH.




2.4 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]If interleaved CCE-to-REG mapping is used, the detailed parameters of interleaver should be specified. It has been agreed that the REG bundle size (i.e. L in [3]) is 6, then the other parameter left over is the interleaver size (i.e. R in [3]). Given that the UE is not expected to handle configurations resulting in the quantity  not being an integer, where , Table 1 provides the allowed interleaver size under each possible configuration of CORESET configured by PBCH.
	
	24 PRB
	48 PRB
	96 PRB

	1 symbols
	2
	2
	2

	2 symbols
	2
	2
	2

	3 symbols
	2, 3, 6
	2, 3, 6
	2, 3, 6


[bookmark: _Ref506299470]Table 1 Allowed interleaver size under each possible configuration of CORESET configured by PBCH
It can be seen that only the value of 2 can be used for all the possible configurations. For simplification, it is proposed to accept a single interleaver size for all the possible configurations.
[bookmark: _Ref506299223]Proposal 4: For CORESET configured by PBCH, the interleaver size R = 2.
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 5: 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, three remaining issues related to the PDCCH. The first one is about PDCCH DMRS sequence generation, the second one about PDCCH interleaving design. The last two are about PDCCH mapping and remaining issues about RMSI CORESET, respectively. 
Observation: There is no need to insert NULL elements to the rectangular matrix.
Based on the discussion in the contribution, we propose the following:
Proposal 1:The PDCCH DMRS sequence is initialized by , where 
·  and  are given by higher-layer parameters if provided,
·  and  otherwise.
Proposal 2: 
· For a CORESET configured by UE-specific RRC signalling, nshift is equal to 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, nshift is equal to physical cell ID is used for the cyclic shift of the interleaving unit.
Proposal 3: For CORESET configured by PBCH, interleaved CCE-to-REG mapping mode is adopted.
Proposal 4: For CORESET configured by PBCH, the interleaver size R = 2.
Proposal 5: 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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