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1 Introduction

In the previous meeting, the following agreements on NR PDCCH DMRS were reached [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.

· 


In  RAN1 #91, length-31 Gold sequence was agreed for PDCCH DMRS[2].

	Agreements:

· The same length-31 Gold sequence with LTE is used for scrambling PDCCH and DMRS for PDCCH.

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 this contribution, we give our further considerations on some remaining issues of PDCCH DMRS and PDCCH DMRS mapping.
2 PDCCH DMRS sequence 
In this section we discuss the DMRS sequence generation.

From the agreement we know that 2 types of parameters are used for DMRS sequence generation: time index and ID index. 

For time index the granularity is refined into OFDM symbol level, for the ID index there are 2 choices: RRC configured ID and cell ID.

For NR PDCCH DMRS design, we can first look back to the EPDCCH DMRS sequence of LTE [3] shown in Table1 1 below.

Table 1
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NR adopts a similar scheme as LTE since it has been shown that such an approach results in good cross-correlation performance 

One difference from LTE is that NR supports multiple sub-carrier spacings and the number of slots contained in one radio frame maybe much larger than in LTE. 

Take =3 as an example, the total number of slots in one radio frame is 80. NR also introduces an OFDM symbol time granularity, thus the max value for the time index is 80*14=1120. If the 16 bit configured ID is used for the DMRS initialization, the Cinit may exceed the range that can be expressed by 31 bits. In table 2 below, a calculation is given for illustration.
Table 2

	Parameter 
	Max value

	ns
	79

	l
	13

	14*ns+l+1
	1120
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A straightforward scheme for the NR PDCCH DMRS is to introduce mod operation as described in Equation 1
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Equation 1

But the scheme of Equation 1 will lead to a potential risk that two sets of different parameters will have the same sequence in asynchronous network. 

Further schemes without mod operation need to be studied, otherwise a potential DMRS sequence collision needs to be taken into account  when configuring the ID.

Equation 2 and Equation 3 below are two possible solutions to drop the mod operation.
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Equation 2
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Equation 3

For Equation 2,[image: image10.wmf]SCID
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For Equation 3, the result of 
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 is first mod by 2^15 then put in the higher bit field.

Proposal 1: Other schemes not exceeding the range expressed by 31 bits shall be studied for DMRS sequence initialization.
If the time index is extended to multiple radio frames, there will be DMRS collisions for different parameters.

Below is one example that two time parameter lead to the same Cinit:

Table 3 one example of different time index lead to same Cinit

	iSymb:0
	 jSymb:32768


iSymb and jSymb are converted from SFN index, slot index, and symbol index.

As long as the searching is confined within one radio frame, there is no collision. Up till now, asynchronous deployments are not excluded for paired spectrum. Therefore, the SFN number should not be introduced for the DMRS sequence initialization.

Observation 1: For an asynchronous network different SFNs and differently configured IDs may lead to the same Cinit.

For a synchronous network, if two UEs in different cells are configured with the same ID then these two UEs will face consistent collisions. It would be cumbersome for the network and an unnecessary constraint that different cells have to use different configured IDs.  
Therefore, another parameter than the configured ID may need to be introduced, we think the cell ID can be considered as an alternative which is described by Equation 4.
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Equation 4

Proposal 2: Other parameters need to be introduced for the DMRS sequence initialization in order to avoid consistent collision. The cell ID should be used.
3 PDCCH DMRS mapping

In the AdHoc #1 PDCCH DMRS generation per symbol has been agreed.
	The UE shall assume the sequence 
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The reference point for 
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 is the first OFDM symbol of the CORESET.


As pointed at last meeting [4] when 2 CORESETs overlap in time and these two CORESETs have different start symbols and different durations, DMRS collision will then occur when at least one CORESET is configured with wideband DMRS. This is because the current description of the DMRS reference point for l is within the CORESET instead of slot boundary as depicted in Figure 1.
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Figure 1- DMRS collision when at least one of the overlapped CORESETs is configured with wide band DMRS

In figure 1 it is illustrated that CORESET 1 is configured with OFDM symbols 0 and 1 whereas CORESET 2 is configured only with OFDM symbol 1. For easier discussion, we assume the two CORESETs are configured with the same frequency domain resources.

Because the reference point for l is within the CORESET, the DMRS of the second symbol of CORESET 1 will collide with the DMRS of the first symbol of CORESET 2. This can be avoided when the slot boundary is used as reference point. So, we think the reference point for l is within the slot.

Another issue is that the reference point for the frequency domain has been agreed in the RAN1 # 91 meeting, the equation in the specification (38.211, 7.4.1.3.2) should reflect this agreement. Currently the, the specification is lacking such a description. 
Proposal 3: Based on the previous agreement to use the frequency domain a reference for the DMRS mapping and the analysis in the section, to avoid DMRS collisions between overlapping CORESETs, we propose the following Text Proposal for 38.211.
-------------------------------------Text Proposal for 38.211----------------------------------
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 is the OFDM symbol index within the slot.
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 is the time domain offset of the CORESET.
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is the frequency domain offset of the CORESET.


4 PDSCH rate matching around CORESET

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.Iif 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.
In order to eliminate the above two confusion, a clarification should be added in the RAN1 specification.
Proposal 4: Add a clarification to the specification to avoid confusion for the time domain allocations of CORESETs when being linked to the search spaces of different UEs. If CORESETs would be identified as resource sets for rate matching, then different UEs could assume different PRBs where the PDSCH is not mapped.  
5 Conclusion

In this contribution we make the following proposals and text proposals:

Proposal 1: Other schemes not exceeding the range expressed by 31 bits shall be studied for DMRS sequence initialization.
Observation 1: For an asynchronous network different SFNs and differently configured IDs may lead to the same Cinit.

Proposal 2: Other parameters need to be introduced for the DMRS sequence initialization in order to avoid consistent collision. The cell ID should be used.
Proposal 3: Based on the previous agreement to use the frequency domain a reference for the DMRS mapping and the analysis in the section, to avoid DMRS collisions between overlapping CORESETs, we propose the following Text Proposal for 38.211.
-------------------------------------Text Proposal for 38.211----------------------------------
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 is the OFDM symbol index within the slot.
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 is the time domain offset of the CORESET.
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Proposal 4: Add a clarification to the specification to avoid confusion for the time domain allocations of CORESETs when being linked to the search spaces of different UEs. If CORESETs would be identified as resource sets for rate matching, then different UEs could assume different PRBs where the PDSCH is not mapped.  
6 References
[1] Chairman's Notes RAN1 201801 AdHoc 
[2] Chairman's Notes RAN1 91

[3] 36211-e40

[4] R1-1800129

7

_1234567897.unknown

_1234567905.vsd
OFDM symbol 0


Frequency


OFDM symbol 1


0


2


0


2


0


2


1


3


1


3


1


3


0


0


0


1


1


1


OFDM symbol 1


...


CORESET 1


...


CORESET 2



_1234567907.unknown

_1234567908.unknown

_1234567909.unknown

_1234567906.unknown

_1234567901.unknown

_1234567903.unknown

_1234567904.unknown

_1234567902.unknown

_1234567899.unknown

_1234567900.unknown

_1234567898.unknown

_1234567893.unknown

_1234567895.unknown

_1234567896.unknown

_1234567894.unknown

_1234567891.unknown

_1234567892.unknown

_1234567890.unknown

