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Introduction

In the previous meetings, the following agreements on NR PDCCH DMRS were reached [1]. 
	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


In  RAN1 #89, time-first mapping was agreed as the only scheme of REG-CCE mapping[2].

	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.


In this contribution, we give our further considerations on some remaining issues of PDCCH DMRS and PDCCH mapping.
PDCCH DMRS mapping 

Analysis
As shown below, the reference point has not been reflected on the current specification [3].
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The variable n is REG index, if n equals to 0, l = n mod 
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=0,if n=1 then l = 1, we can deduce that the PDCCH mapping is time first with REG granularity.

But this mapping scheme will result in DMRS collision, Figure 1 shows a case of two CORESETs that are RRC configured for different UEs. In this example each CORESET is configured with OFDM symbol 0 and their the frequency ranges overlap partially.
CORESET 1 is configured with wide band DMRS, it will demand wide band DMRS in the contiguous REG when at least one REG is mapped. Due to the different frequency offsets between CORESET 1 and CORESET 2, a DMRS collision will occur in the overlapping region if a PDCCH also is transmitted in CORESET 2.
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Figure 1 - DMRS collision for partially overlapping CORESETs in the frequency domain when at least one CORESET is configured with wideband DMRS

So these cases mentioned above should be taken into consideration for PDCCH DMRS mapping.

As the reference point has already been agreed for the DMRS sequence, it is straightforward to introduce the frequency domain offset value for DMRS mapping.

Furthermore, we consider another situation of two CORESETs with different time domain configuration as depicted in Figure 2.
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Figure 2 - DMRS collision for partially overlapped CORESETs when at least one CORESET is configured with wide band DMRS

As depicted in Figure 2, CORESET 1 is configured with OFDM symbol 0 and symbol 1 while CORESET 2 is configured only with OFDM symbol 0, the frequency position of the two CORESETs is assumed to be the same for simplicity.

If two CORESETs are overlapping in the time domain, some RS REs may collide.
So, in addition to the frequency domain offset also the time domain offset should be considered for the PDCCH DMRS mapping.
Figure 3 shows the modified DMRS mapping results, when the time and frequency domain offsets are taken into account for the situation aforementioned cases.
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Figure 3a - DMRS collision avoided for partially overlapped CORESETs when at least one CORESET is configured with wideband DMRS if the time domain offset is introduced for DMRS mapping.
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Figure 3b - DMRS collision avoided for frequency partially overlapped CORESETs when at least one CORESET is configured with wideband DMRS if the frequency domain offset is introduced for DMRS mapping.
Through the modification, the RS REs will always have a unique sequence whether the different CORESETs are overlapping or not.
Proposed change for the issue 
Based on the above analysis, we propose that  reference points for the time domain and frequency domain should be introduced for PDCCH DMRS mapping.

The UE knows the offset noffset between the BWP and the CORESET, so different CORESETs in the same BWP should generate the DMRS sequence based on noffset. The offset loffset should also be introduced to avoid collision when the CORESETs overlap in the time domain.

Based on the above, the following the proposed formula for PDCCH DMRS mapping.
-------------------------------------Text Proposal for 38.211----------------------------------
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Where loffset is the offset between CORESET start symbol and slot, and k' is the offset between CORESET and lowest-numbered common resource block in the BWP.

PDCCH mapping

In RAN1 #89 meeting the time first scheme is agreed for REG-CCE mapping and up to now it is the only scheme for REG-CCE mapping.

So the mapping of PDCCH should be in line with the agreement. However, the current specification copied below does not reflect that [3].

	The UE shall assume the block of complex-valued symbols 
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, then 
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, in the resource-element groups used for the monitored PDCCH.


The only agreed REG-CCE mapping scheme is time first, but the above text is unclear and misleading, since it is implying that the PDCCH will be mapped in frequency first manner. We need to clarify this. In following the exact wording is proposed.

-------------------------------------Text Proposal for 38.211----------------------------------
	The UE shall assume the block of complex-valued symbols 
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first across REGs, within a REG bundle in the resource-element groups used for the monitored PDCCH and then another REG bundle.


PDSCH rate matching around CORESET

4.1 Analysis
According to RAN1#91, the RRC parameter " CORESET-start-symb" should be deleted from the RRC parameter list, based on this agreement, the UE assumes the time location of the PDCCH field according to the following parameters:

CORESET-time-duration
Monitoring-offset-PDCCH-slot
Montoring-periodicity-PDCCH-slot
Montoring-symbols-PDCCH-within-slot
Linkage between Search space and CORESET
So a UE should combine the upper parameters to determine the time domain location of a CORESET. Multiple search spaces can be linked to a same CORESET, and multiple search spaces can be configured for different UEs. For example, for UE1, the gNB configures SS1, which is linked to CORESET1, and for UE2, the gNB configures SS2, which is also linked to CORESET1, if Montoring-symbols-PDCCH-within-slot for SS1 indicates starting from the first symbol, but Montoring-symbols-PDCCH-within-slot for SS2 indicates starting from the second symbol, with CORESET-time-duration configured as two symbols for CORESET1, then UE1 and UE2 will have different understanding for the CORESET1's time domain location, UE1 assumes that the CORESET1 located in the 1st and the 2nd symbols, but UE2 assumes that the CORESET1 located in the 2nd and the 3rd symbols, if gNB configures CORESET1 as one of the rate matching resource sets, UE1 and UE2 will have different rate matching results around CORESET1, which is a confusion.

Further considering that if the SS1 and SS2 have a different Monitoring-periodicity-PDCCH-slot configuration, for example configures the periodicity as K=1 for SS1, and configures the periodicity as K=2 for SS2, CORESET1 is one of resource sets both configured for UE1 and UE2, then UE1 believes that this resource set would occur every slot, and UE2 believes that this resource set would occur every two slots, they will have different rate matching results around CORESET1, which is another confusion.
4.2 Proposed change for the issue

In order to eliminate the above two confusion, a clarification should be added in the RAN1 specification.
Conclusion

In this contribution we have discussed three remaining issues related to the PDCCH. The first one is about the reference point for the DMRS mapping, the second one about the PDCCH mapping and the last one discussed PDSCH rate-matching around CORESETs.

DMRS mapping: The DMRS reference point has not been reflected in the current specifications. That can cause collision between overlapping CORESETs. A text proposal is mad to resolve the possible collisions.

DMRS mapping.
-------------------------------------Text Proposal for 38.211----------------------------------
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Where loffset is the offset between CORESET start symbol and slot, and k' is the offset between CORESET and lowest-numbered common resource block in the BWP.
------------------------------------------------------------------------------------------------------------------------
PDCCH mapping: We need to clarify the PDCCH REG mapping as time first mapping. 

-------------------------------------Text Proposal for 38.211----------------------------------
	The UE shall assume the block of complex-valued symbols 
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first across REGs, within a REG bundle in the resource-element groups used for the monitored PDCCH and then another REG bundle.


PDSCH rate-matching: With the given parameters, when Search Spaces from different UEs are linked to the same CORESET, the UEs can get a different understanding of the CORESET’s location in the time domain. A clarification needs to be added to the specification to avoid this kind of confusion.
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