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Introduction
[bookmark: _Ref494215420]This contribution discusses some remaining issues on PDCCH structure, such as PDCCH DMRS and collision handling between PDCCH and SS/PBCH block (SSB). Finally the contribution provides the text proposals based on 38.211 v15.0.0 [1] and 38.213 v15.0.0 [2].

Discussion
PDCCH DMRS

Clarification for RE mapping
In RAN1#91, it is agreed that frequency-domain resource in CORESET is allocated in Type-0 like manner, and each frequency resource unit indicated by bitmap is 6 PRBs, which is equal to 1 REG. 
	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
· For a CORESET configured by PBCH/RMSI, RB indexing is for the initial DL BWP.



Since frequency-domain resource in CORESET may be distributed, PDCCH DMRS may be mapped to REGs distributed among PRBs in BWP. Thus, to avoid confusion, it is better to describe that REs of PDCCH DMRS are mapped into REG.
In addition, it has been captured in [1] that the modulated symbols of PDCCH are mapped into REG. 
	




[bookmark: _Hlk498433213]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. 



However, in [1], the description has not included the meaning of mapping into REG.
	
The UE shall assume the sequence  is mapped to physical resource elements according to





In our view, the description of RE mapping of PDCCH DMRS should include the meaning of mapping into REG.
Proposal 1: The description of RE mapping of PDCCH DMRS should include the meaning of mapping into REG.

Collision handling between PDCCH and SSB
It was common understanding that PDCCH and SSB may collides each other in some cases, since UE-specific search space has full flexibility in time and frequency domain resource. 
Open issue
In [2], collision handling between PDCCH and SSB is captured as follows.
	A UE can be configured by higher layer parameter SSB-periodicity-serving-cell a periodicity of half frames for transmission of SS/PBCH blocks in a serving cell. If the UE has received SSB-transmitted-SIB1 and has not received SSB-transmitted and if REs for a PDCCH reception overlap 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 and if REs for a PDCCH reception overlap 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.



It is said that the UE should receive the PDCCH by excluding REs corresponding to SSB, which implies the gNB performs rate matching around the remaining resource after collision. However, in our understanding, there is no explicit agreement on performing PDCCH rate matching for the remaining resource after collision with SSB. We admit there was agreement on rate matching for the remaining resource after collision with SSB, which is shown as follows [3].
	Agreements:
· The SS block resource elements are:
· Subcarriers 0 to 239 in all four symbols
· Subcarriers 48 to 55 and 183 to 191(according to the numbering in the definition of SS/PBCH block in 38.211) in symbols allocated to PSS and SSS are transmitted with zero power
· The REs not used for SS/PBCH block of any data PRB that partially or fully contain SS block resource elements are transmitted with zero power and other physical channels are rate matched around such PRBs
· Note: The SS/PBCH block PRB grid offset is applied to the whole SS/PBCH block and the above subcarrier numbering is before the shift


However, it may only mean the PDSCH rate matching behavior, which is also clarified by Intel in email discussion [91-NR-02-213] pasted as follows.
	[Intel] For both cases above, what is implied by “excluding REs” is not clear. As already indicated in editor’s comments, there are no agreements for such handling (rate-matching, etc.) of PDCCH. Further, based on our review of latest 211 draft, the mapping assumption in 211 does not exist anymore. We recommend that both of the above cases be removed for now.
[Aris]: This has been a hanging issue for 2 meetings. TS 38.211 has the statement “REs declared as ‘reserved’ shall be counted in the mapping process but not assumed to be used for transmission” which is effectively same as for REs declared as ‘reserved’ for SS/PBCH (although 38.213 tackles UE behavior in reception, not gNB in transmission). 
As the above reflects an agreement (“rate matching” between CORESETs and SS/PBCH blocks), and for somewhat contributing to completion of specifications, I think it should be kept with the understanding that the UE behavior for PDCCH reception is FFS (this is sufficiently emphasized in the note). 
Hopefully, RAN1 can reach a conclusion at the next meeting. 
[Intel2] We are fine with discussing this further with the understanding that this paragraph is subject to further conclusion in RAN1 on UE behavior for PDCCH reception. 
Kindly note that Stefan has kindly removed the references to “reserved” resources for PDCCH and also in Section 4.4.3 since, as of now, they only impact PDSCH and in some cases PDSCH DMRS via the rate-matching behaviors.



Alternatives
If the UE behavior for PDCCH reception is still FFS, we would like to give some alternatives below.
· Alt-1: Rate matching. Like behaviors in PDSCH, the gNB and the UE perform rate matching for the remaining resource after collision.
· Alt-2: Puncturing. The gNB performs coding and modulation for PDCCH as usual, but punctures REs that collides with SSB, and the UE performs demodulation and decoding with or without a priori information on puncturing.
· Alt-3: Dropping. The gNB does not transmit the PDCCH that collides with SSB, and the UE does not receive the PDCCH correspondingly.
The comparisons among the three alternative are listed in the following table.
Table: The comparisons among the three alternative
	
	Resource utilization
	Performance, e.g. BLER
	Complexity at gNB
	Complexity at UE

	Alt-1: rate matching
	High
	Medium
	Medium. Slightly complicated in rate matching and RE mapping modules
	Medium. Complicated in rate de-matching and RE demapping modules

	Alt-2: puncturing
	High
	Low, especially when punctured resource is large
	Medium. Additional operation of puncturing.
	Medium, if UE considers a priori information on puncturing; Low, otherwise

	Alt-3: dropping
	Low
	N.A.
	Low
	Low



For Alt-1, we have concern on complexity at UE, since the UE should take many special cases of rate de-matching and RE demapping into account, which would reduce possibility of further optimization of processing time of the blind detection. It is noted that in interleaved CCE-to-REG mapping the colliding resource may be scattered to large amount of REGs or CCEs, which will complicate the procedures of rate matching and RE demapping. 
For Alt-2, there is just a slight complexity increasing if the UE does not consider a priori information on puncturing, e.g. position of puncturing. The complexity of Alt-2 is acceptable in our view. However, if the UE does not consider a priori information on puncturing, the performance of the blind detection may be out of control. In addition, there are cases that the overlapping resource is small enough, e.g. 1 REG, where performance of puncturing without knowledge at UE may have small loss. It may justify a solution to adaptively enable Alt-2 or Alt-3. However, the corresponding threshold is hard to define, since performance of loss is not only related to the size of punctured resource but also the position of punctured resource. The BLER of PDCCH for a given UE may be much lower than expectation of the gNB.
Therefore, we prefer using Alt-3.
The most concern on Alt-3 is low resource utilization. However, in our view, the gNB has sufficient flexibility to avoid collision as much as possible through the following system configurations, such as 
· up to 10 search space and 3 CORESETs in a BWP for a UE, by which the gNB can set all PDCCH monitoring occasions not present in any SSB occasion, and
· type-0 like CORESET allocation, by which the gNB can put all REGs in CORESET at two sides of SSB, and
· non-interleaved CCE-to-REG mapping, by which the gNB can localize the resource of PDCCH to avoid SSB resource.
Thanks to flexibility of PDCCH, in our view, only the bandwidth-limited carrier has the issue of collision between PDCCH and SSB, and the possibility of collision is still low.
[bookmark: _GoBack]The above discussion is mainly for eMBB UEs. For URLLC UEs, there are always a number of non-slot based PDCCHs configured for a given UE, and thereby collision between PDCCH and SSB happens often. The advanced PDCCH receiver can be implemented by these UEs, e.g. receiver considering Alt-1, which can be further defined in Rel-16. Furthermore, whether supporting PDCCH rate matching when colliding with SSB can be a UE capability for consideration of forward compatibility. 
From above discussion, we propose as follows.
Proposal 2: Dropping PDCCH is baseline for collision handling between PDCCH and SSB, and PDCCH rate matching is a UE capability in Rel-15. 

Text Proposals

TP for 38.211
/************************ Start of Text Proposal **************************/
[bookmark: _Toc500952741]7.4.1.3.2	Mapping to physical resources

The UE shall assume the sequence  is mapped to physical resource elements in a resource element group according to



/************************ Unchanged parts omitted**************************/

The reference point for  is the first OFDM symbol for the CORESET.
/************************ End of Text Proposal **************************/

TP for 38.213
/************************ Start of Text Proposal **************************/
UE procedure for receiving control information
/************************ Unchanged parts omitted**************************/
A UE can be configured by higher layer parameter SSB-periodicity-serving-cell a periodicity of half frames for transmission of SS/PBCH blocks in a serving cell. If the UE has received SSB-transmitted-SIB1 and has not received SSB-transmitted and if REs for a PDCCH reception overlap 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 higher layer parameter PDCCH-rate-match-SSB is equal to 1, otherwise, the UE does not receive the PDCCH. If a UE has received SSB-transmitted and if REs for a PDCCH reception overlap 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 if higher layer parameter PDCCH-rate-match-SSB is equal to 1, otherwise, the UE does not receive the PDCCH.
/************************ End of Text Proposal **************************/
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