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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 [1] and 38.213 [2].
This contribution is revised from R1-1800285.

Discussion
Clarification for PDCCH RE mapping
It was down-selected to 3 alternatives in offline summary [3] in RAN1 AH 1801.
	Discussions:
· Whether to change the current frequency-first and time-second mapping?
Alt. 1: Frequency first and time second within all REGs used for the monitored PDCCH (Figure 1 left)
Alt. 2: Frequency first within a REG, and then in increasing order of the index of the REGs used for the monitored PDCCH (Figure 1 middle)
Alt. 3: Frequency first and time second within the resource-element groups within a CCE, and then in increasing order of the index of the CCEs used for the monitored PDCCH (Figure 1 right)
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Figure 1 Two possibilities mapping. (from R1-1800643)


For Alt.1, it may not practical for interleaved CCE-to-REG mapping. For example, in the case of interleaved CCE-to-REG mapping, one PDCCH candidate may not have the contiguous frequency resource (i.e. physical REGs with contiguous frequency-domain resource), so RE cannot be mapped like “Figure 1 left”.
For Alt.3, similar to Alt.1, it is essentially frequency-first RE mapping. But, it has no issue in the case of interleaved CCE-to-REG mapping, since RE will be mapped across physical REGs with non-contiguous frequency domain resource. On the other hand, Alt.3 seems not violating the time-first CCE-to-REG mapping rule, if the time-first CCE-to-REG mapping only means physical REG selection procedure not including RE mapping procedure.
For Alt.2, in our understanding, it is most natural way to realize the time-first CCE-to-REG mapping rule. In our view, the time-first CCE-to-REG mapping rule should include physical REG selection procedure and RE mapping procedure both. If we have selected a set of physical REGs and numbered the REGs with the increasing index (time-first also), the RE mapping should be based on the numbered index of the REGs.
Compared with Alt.2 and Alt.3, we have not observed a performance difference of two alternatives. In our view, frequency-first-within-REG mapping seems less robust to deep fading of frequency channel compared to frequency-first mapping, but the interleaving in PDCCH coding process has provide the robustness for deep fading.
Therefore, we support Alt.2 for PDCCH RE mapping, i.e. “frequency first within a REG, and then in increasing order of the index of the REGs used for the monitored PDCCH”. 
The corresponding revisions of 38.211[1] are shown as follows. 
	[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  in increasing order of first  within a REG, and then in increasing order of the index of , in the resource-element groups used for the monitored PDCCH. The antenna port  .


We have the following proposal.
Proposal 1: PDCCH resource mapping is frequency first within a REG, and then in increasing order of the index of the REGs used for the monitored PDCCH. Revise PDCCH resource mapping in clause 7.3.2.5 of 38.211.

Clarification for PDCCH DMRS RE mapping
Frequency-first mapping
It was summarized as 2 options in offline summary [3] in RAN1 AH 1801.
	Discussions:
· How PDCCH DMRS is mapped over the time/frequency domain?



Figure 1.	DMRS sequence mapping rule for PDCCH (from R1-1800817)



The two options can be written as:
· Opt.1: Frequency first and time second (Figure 1 left)
· Opt.2: Frequency first within a REG, and then in increasing order of the index of the REGs (Figure 1 right)
According to [4][5], Opt.1 is hard to solve PDCCH DMRS ambiguity issue caused by “overlapping CORESETs”. We also prefer Opt.2 which leads to PDCCH DMRS mapping is based on a single symbol. Moreover, we slightly prefer TP in [5], due to its brevity, and we combine the revisions into the latest version of 38.211 [1].
	

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





Mapping based on common resource block
[bookmark: _GoBack]Since frequency-domain resource in CORESET may be distributed, PDCCH DMRS may be mapped to REGs distributed among PRBs. So, the current equations or variables in specification actually have two explanations:
· Exp.1: The value of  in equations of PDCCH DMRS resource mapping is based on CORESET, and the value of  is index of PRB within CORESET.
· Exp.2: The value of  in equations of PDCCH DMRS resource mapping is based on common resource block, and the value of  is index of common resource block.
The value of  is stated to use common resource block as reference [1], which is shown as follows. 
	
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


Therefore, Exp.2 may be better. In this sense, the value of  should be explained as index of common resource block. We propose to add a description for the value of , which is shown as follows.
	
The reference point for  is 
-	the lowest-numbered common resource block in the CORESET if the CORESET is configured by the PBCH or RMSI,
-	common resource block 0 otherwise


We have the following proposal.
Proposal 2: PDCCH DMRS resource mapping is frequency first and time second in common resource blocks. Revise PDCCH DMRS resource mapping in clause 7.4.1.3.2 of 38.211.

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 and it is still open issue.
	A UE can be configured by higher layer parameter SSB-periodicity-serving-cell a periodicity of half frames for transmission reception 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.	Comment by Aris Papasakellariou: Further discussion is needed on this.	Comment by Aris Papasakellariou: Same as above



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.
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 rate matching, which can be further defined as a mandatory feature in Rel-16. Therefore, whether supporting PDCCH rate matching can be a UE capability for purpose of forward compatibility. 
From above discussion, we propose to revise the specification [2] as follows.
	A UE can be configured by higher layer parameter SSB-periodicity-serving-cell a periodicity of half frames for transmission reception 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 and if the UE indicates a capability of PDCCH rate matching around SS/PBCH block, the UE receives the PDCCH by excluding REs corresponding to SS/PBCH block indexes indicated by SSB-transmitted-SIB1. 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 and if the UE does not indicate a capability of PDCCH rate matching around SS/PBCH block, the UE is not expected to 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 and if the UE indicates a capability of PDCCH rate matching around SS/PBCH block, the UE receives the PDCCH by excluding REs corresponding to SS/PBCH block indexes indicated by SSB-transmitted. 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 and if the UE does not indicate a capability of PDCCH rate matching around SS/PBCH block, the UE is not expected to receive the PDCCH.


We have the following proposal.
Proposal 3: Dropping PDCCH is baseline for collision handling between PDCCH and SSB, and PDCCH rate matching is a UE capability in Rel-15. Revise collision handling of PDCCH and SSB in clause 10 of 38.213.

Conclusion
We have the following proposals:
Proposal 1: PDCCH resource mapping is frequency first within a REG, and then in increasing order of the index of the REGs used for the monitored PDCCH. Revise PDCCH resource mapping in clause 7.3.2.5 of 38.211.
Proposal 2: PDCCH DMRS resource mapping is frequency first and time second in common resource blocks. Revise PDCCH DMRS resource mapping in clause 7.4.1.3.2 of 38.211.
Proposal 3: Dropping PDCCH is baseline for collision handling between PDCCH and SSB, and PDCCH rate matching is a UE capability in Rel-15. Revise collision handling of PDCCH and SSB in clause 10 of 38.213.

Text Proposals

TP for 38.211

/************************ Start of Text Proposal **************************/
7.3.2.5	Mapping to physical resources






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  within a REG, and then in increasing order of the index of , in the resource-element groups used for the monitored PDCCH. The antenna port  .
/************************ Unchanged parts omitted**************************/
[bookmark: _Toc500952741]7.4.1.3.2	Mapping to physical resources


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


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

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 lowest-numbered common resource block in the CORESET if the CORESET is configured by the PBCH or RMSI,
-	common resource block 0 otherwise
/************************ End of Text Proposal **************************/

TP for 38.213
/************************ Start of Text Proposal **************************/
[bookmark: _Toc505848935]10	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 reception 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 and if the UE indicates a capability of PDCCH rate matching around SS/PBCH block, the UE receives the PDCCH by excluding REs corresponding to SS/PBCH block indexes indicated by SSB-transmitted-SIB1. 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 and if the UE does not indicate a capability of PDCCH rate matching around SS/PBCH block, the UE is not expected to 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 and if the UE indicates a capability of PDCCH rate matching around SS/PBCH block, the UE receives the PDCCH by excluding REs corresponding to SS/PBCH block indexes indicated by SSB-transmitted. 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 and if the UE does not indicate a capability of PDCCH rate matching around SS/PBCH block, the UE is not expected to receive the PDCCH.
/************************ End of Text Proposal **************************/
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