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1 Introduction

In the last 3GPP RAN1 meeting, the generation for DMRS of PDCCH was discussed and the following agreements were achieved [1]:
· 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.

There is no agreement on the mapping to physical resources for DMRS for PDCCH. Though there is some initial text for the mapping in TS38.211, further discussion is needed considering agreement of DMRS sequence generation. To complete the specification, further discussion is needed on the length and initialization of the DMRS sequence. This contribution mainly provides our views on the above issues for DMRS for PDCCH. 
2 DMRS for PDCCH
2.1 Sequence generation
The length of the generated DMRS sequence is missing in the current specification, as shown in the following:

	7.4.1.3.1
Sequence generation

The UE shall assume the reference-signal sequence 
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where the pseudo-random sequence 
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 is defined in clause 5.2.1. 


In LTE, predefined length is specified regardless the actual configured size of control resources. In NR, a similar rule can be inherited from LTE. The length of the generated reference-signal sequence per symbol will be equal to a predefined value which should be larger than or equal to the maximum number of REs which will be possibly used for the reference-signal mapping in one symbol. Based on above analysis, the length of the generated sequence can be given as m = 0,1,2,…,
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 is a predefined value related to the frequency domain resources possibly used for PDCCH monitoring. 
The value of 
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 should equal to the maximum number of RBs possibly mapped DMRS from the side of gNB. This predefined value should also consider the effect of the bandwidth part operation. Since different BWPs have the same reference point (i.e. common PRB 0) in frequency domain, the length of the generated sequence should be large enough to cover all possible locations of a configured BWP. This value may depend on the discussion on BWP operation, an example value can be 8*275 referred to configured offset between common PRB 0 and the lowest subcarrier of the lowest usable PRB of a given SCS.   
Proposal 1: The length of reference-signal sequence per symbol should be a predefined value depends on the maximum number of REs used for DMRS mapping in one symbol.
Text proposal for proposal 1 is shown in Appendix A, in which the length of the generated DMRS sequence is added. 
In addition, as shown in [2], DMRS sequence initialization is missing in the current specification, the DMRS sequence for PDCCH should be initialized with at least symbol index, slot index, and the ID. Then the pseudo-random sequence generator shall be initialized with   
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where l is the OFDM symbol number within the slot and
-
ns is the slot index;
-
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 for reference signals transmitted in a CORESET configured by PBCH;
-
nID 
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 is given by the higher-layer parameter pdcch-DMRS-ScramblingID for reference signals transmitted in a CORESET configured by SIB, if provided, otherwise 
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 is given by the higher-layer parameter pdcch-DMRS-ScramblingID for reference signals transmitted in a CORESET configured by dedicated RRC signalling.  
2.2 Mapping to physical resources 
In current version of TS38.211 v15.0.0, the mapping equations for PDCCH DMRS does not capture the reference points for CORESET configured by UE-specific RRC. And as the DMRS sequence for PDCCH is generated per symbol, time-first mapping across different REGs which shown by the mapping equations in the current specification is not supported by RAN1 agreements. Moreover, the time-first mapping will introduce further complexity and lead to inaccuracy results for the interference cancellation for PDCCH reception, compared with frequency-first mapping.  
Accordingly,  mapping scheme in the current version of mapping equations should be revised from time-first manner to frequency-first manner. The current version of DMRS mapping 38.211 is given as follows:

	7.4.1.3.2
Mapping to physical resources

The UE shall assume the sequence 
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where the following conditions are fulfilled

-
they are within the resource element groups constituting the PDCCH the UE attempts to decode if the higher-layer parameter CORESET-precoder-granularity equals CORESET-REG-bundle-size,

-
all resource-element groups within the set of contiguous resource blocks in the CORESET where the UE attempts to decode the PDCCH if the higher-layer parameter CORESET-precoder-granularity equals the size of the CORESET in the frequency domain.

The reference point for 
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 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 
[image: image19.wmf]l

 is the first OFDM symbol of the CORESET.


In the scheme of frequency-first mapping, which is shown in Fig. 1, it will achieve benefits such as interference cancellation and allowing future-proof features. For example, for frequency overlapped CORESETs sharing the same reference point, the DMRS sequences within the overlapped REs are from the same part of the generated sequence, regardless the size of the CORESET in time domain. As a result, UE can perform interference cancellation only rely on configurable IDs used for DMRS initialization without any further information. Furthermore, it can also allow future-proof features that may be introduced in the later release, e.g. MU-MIMO with orthogonal PDCCH DMRSs etc.
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Figure 1. Frequency first DMRS sequence mapping rule for PDCCH
Accordingly, in order to achieve the frequency-first mapping, mapping equations is given as follows:
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	(1)


where the following conditions hold:

· the range of 
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, when the reference point for k is subcarrier 0 of the lowest-number common resource block in the CORESET configured by PBCH/RMSI; 

· the range of 
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, when the reference point for k is subcarrier 0 in common resource block 0 for CORESET configured by UE-specific RRC;
· l is the symbol index of  slot, the range of l is 0~13.
Based on the above discussion, we can have proposal: 
Proposal 2: The UE shall assume the sequence rl(m) is mapped to physical resource elements according to
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where
· the range of 
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is 0 to 
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, when the reference point for k is subcarrier 0 of the lowest-number common resource block in the CORESET configured by PBCH/RMSI; 

· the range of 
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is 0 to 
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, when the reference point for k is subcarrier 0 in common resource block 0 for CORESET configured by UE-specific RRC;

· l is the symbol index of  slot, the range of l is 0~13.

Text proposal for proposal 2 is shown in Appendix B, in which the mapping equations for DMRS mapping are revised.

3 Conclusion
The contribution provides our views on remaining issues on DMRS for PDCCH. Based on the above discussion, we have the following proposals:
Proposal 1: The length of reference-signal sequence per symbol should be a predefined value depends on the maximum number of REs used for DMRS mapping in one symbol.

Proposal 2: The UE shall assume the sequence rl(m) is mapped to physical resource elements according to
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where
· the range of 
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, when the reference point for k is subcarrier 0 of the lowest-number common resource block in the CORESET configured by PBCH/RMSI; 

· the range of 
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, when the reference point for k is subcarrier 0 in common resource block 0 for CORESET configured by UE-specific RRC;

· l is the symbol index of  slot, the range of l is 0~13.
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Appendix A
Text proposal in TS38.211 v15.0.0
--------------------------------------Start of Text Proposal ----------------------------------------------

-------------------------------------Unchanged parts omitted --------------------------------------------

7.4.1.3.1
Sequence generation

The UE shall assume the reference-signal sequence 
[image: image36.wmf])

(

m

r

l

for OFDM symbol l is defined by


[image: image37.wmf](

)

(

)

)

1

2

(

2

1

2

1

)

2

(

2

1

2

1

)

(

+

×

-

+

×

-

=

m

c

j

m

c

m

r

l

.

where m ∈ {0,1,..., 
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 is the maximum number of RBs possibly used for DMRS mapping,  the pseudo-random sequence 
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------------------------------- End of Text Proposal --------------------------------------
Appendix B
Text proposal in TS38.211 v15.0.0
--------------------------------------Start of Text Proposal ----------------------------------------------

-------------------------------------Unchanged parts omitted --------------------------------------------

7.4.1.3.2
Mapping to physical resources

The UE shall assume the sequence 
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where the following conditions are fulfilled

-
they are within the resource element groups constituting the PDCCH the UE attempts to decode if the higher-layer parameter CORESET-precoder-granularity equals CORESET-REG-bundle-size,

-
all resource-element groups within the set of contiguous resource blocks in the CORESET where the UE attempts to decode the PDCCH if the higher-layer parameter CORESET-precoder-granularity equals the size of the CORESET in the frequency domain.

The reference point for 
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 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



------------------------------- End of Text Proposal --------------------------------------
_1579544273.vsd
.
.
.


OFDM symbols in slot


Subcarriers


DM-RS



_1579864186.unknown

_1579867766.unknown

_1579883118.unknown

_1579883172.unknown

_1579883229.unknown

_1579881882.unknown

_1579883082.unknown

_1579866849.unknown

_1579866913.unknown

_1579866613.unknown

_1579545738.unknown

_1579545764.unknown

_1579545683.unknown

_1579545658.unknown

_1576427112.unknown

_1576427768.unknown

_1577295667.unknown

_1579539853.unknown

_1579539866.unknown

_1576427778.unknown

_1576427646.unknown

_1563126829.unknown

_1574623829.unknown

_1574664866.unknown

_1571469475.unknown

_1256560547.unknown

