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1. [bookmark: OLE_LINK57][bookmark: OLE_LINK58]Introduction
[bookmark: OLE_LINK98][bookmark: OLE_LINK99]In RAN1 #89 meeting, the following agreements on NR-PBCH DMRS have been made [1]. 
	Agreements:
· For NR-PBCH transmission, NR supports a single antenna port based transmission scheme only. 
· Same antenna port is defined for NR-PSS, NR-SSS and NR-PBCH within an SS block
· Single antenna port based transmission scheme for NR-PBCH is transparent to UEs
· Note that frequency domain PC is precluded
· DMRS for NR-PBCH is mapped on every NR-PBCH symbol
· Note: frequency domain RE density for DMRS is FFS
· Down select RE mapping scheme for the DMRS with consideration for required amount of REs for NR-PBCH
· Option 1: DMRS sequence is mapped on subcarriers with equal interval
· Option 2: DMRS sequence is mapped on subcarriers with unequal interval (e.g., less or no mapping within NR-SSS transmission bandwidth)
· DMRS sequence depends on at least cell IDs



[bookmark: OLE_LINK71][bookmark: OLE_LINK72]In our companion contribution [2], we propose that NR-PBCH DMRS carries as many bits of the timing information as can be reliably detected, assuming the same performance requirement as for implicit and explicit NR-PBCH indication. In this contribution, we further consider the NR-PBCH DMRS mapping scheme and evaluate the amount of timing information that can be carried by NR-PBCH DMRS.
2. DMRS design
DMRS sequences used for timing information indication (denoted as ‘DMRS timing sequence’) are generated like LTE CRS sequence initialized by state index 211*(Cell ID+1) + i, i = 0, 1, 2, …., I-1, The timing information indices are indicated by the number of I DMRS timing sequences and using the mapping orders. So the total number of timing information indices are N = MI, i.e. total bits number of timing information is log2N, where M is the number of mapping order for DMRS timing sequences.
In NR-PBCH simulation [3], detection performance of NR-PBCH is evaluated under the assumption of SNR= -6 dB and BLER = 1%. In the following, we will evaluate the amount of timing information that can be carried by NR-PBCH DMRS for a certain NR-PBCH DMRS mapping scheme and detection algorithm under the assumption of SNR= -6 dB and misdetection rate = 1%.
2.1 Non-coherent detection scheme
According to the agreements made in RAN1#89, RE mapping scheme for the DMRS with consideration for required amount of REs for NR-PBCH are as follows:
Option 1: DMRS sequence is mapped on subcarriers with equal interval
Option 2: DMRS sequence is mapped on subcarriers with unequal interval (e.g., less or no mapping within NR-SSS transmission bandwidth)
Based on the above two options we can formulate following DMRS mapping scheme (denoted as scheme A), as shown in Figure 1. We have assumed that the SS blocks mapping order is PSS-PBCH-SSS-PBCH. 


Figure 1: DMRS mapping scheme A
In scheme A, DMRS timing sequence is located outside of NR-SSS transmission bandwidth (denoted as SS BW). DMRS timing sequence is mapped onto DMRS REs using mapping order1 or mapping order 2 according to the direction of arrows from the first NR-PBCH symbol starting. The timing information indices are indicated by the number of I DMRS timing sequences and using the mapping orders. So the total number of timing information indices can be carried by NR-PBCH DMRS are N = 2I, i.e. the total number of bits for the timing information is 1+log2I.
From Figure 2, we can observe that the misdetection rate of scheme A is always larger than 1%. The reason is that performance of non-coherent detection algorithm is not good enough.
 [image: ]
Figure 2 misdetection rate (%) of scheme A for 4 GHz and 30 GHz carrier frequency

Observation 1: Non-coherent detection algorithm can not meet detection performance requirement of DMRS timing sequences.
Observation 2: Coherent detection should be considered for indicating timing information indices by DMRS timing sequences.

2.2 Coherent detection scheme
In order to use coherent detection, we can consider DMRS mapping scheme B as shown in Figure 3.
In scheme B, DMRS timing sequence (blue) is only mapped onto the SS BW in the first NR-PBCH symbol, and is mapped onto the whole NR-PBCH bandwidth in the second NR-PBCH symbol. DMRS timing sequence is mapped onto DMRS REs using mapping order1 or mapping order 2 according to the direction of arrows from the first NR-PBCH symbol starting. The timing information indices are indicated by the number of I DMRS timing sequences and using the mapping orders. So the total number of timing information indices can be carried by NR-PBCH DMRS are N = 2I, i.e. the total number of bits for the timing information is 1+log2I.


Figure 3: DMRS mapping scheme B

DMRS sequence (green) in first NR-PBCH symbol not within the SS BW (denoted as ‘DMRS non-timing sequence’) has nothing to do with the timing information indication. It can use a certain sequence (e.g. only depends on the cell ID). It can be generated like LTE CRS sequence initialized by state index Cell ID+1.
In scheme B, DMRS non-timing sequence can combine SSS sequence to estimate channel coefficient and demodulate DMRS timing sequences. Correlation operation of DMRS timing sequences can be done after channel equalization in order to improve detection performance of DMRS timing sequence.
[image: ]
Figure 4: misdetection rate (%) of scheme B for 4 GHz and 30 GHz carrier frequency

From Figure 4, we can observe that for 4GHz, it is no problem using DMRS timing sequences to indicate 7 bits for the timing information under the condition of misdetection rate less than 1%. The maximum number of SS-blocks within SS burst set, L, is 8 for frequency range from 3 GHz to 6 GHz. Therefore 3 bits for the timing information will be needed for indicating SS block indices. In addition, 5 ms timing and 10 ms need 2 bits. In total 5 bits for the timing information is required to indicate SS block indices, 5 ms timing and 10 ms timing. Therefore, it is enough to use NR-PBCH DMRS indicating SS block indices, 5 ms timing and 10 ms timing for 4 GHz.
For 30 GHz, the maximum number of bits for the timing information indicated by DMRS timing sequences is 7 under the condition of misdetection rate less than 1%. We can also observe that the misdetection rate is 1.35% when 8 bits for the timing information is indicated by DMRS timing sequences for 30 GHz. It is slightly high comparing to misdetection rate 1%. But it is still acceptable considering optimization of detection algorithm (e.g. using partial correlation) can further reduce misdetection rate. The maximum number of SS-blocks within SS burst set, L, is 64 for frequency range from 6GHz to 52.6 GHz. Therefore 6 bits for the timing information will be needed for indicating SS block indices. In addition, 5 ms timing and 10 ms need 2 bits. In total 8 bits for the timing information is required to indicate SS block indices, 5 ms timing and 10 ms timing. Therefore, it is enough to use NR-PBCH DMRS indicating SS block indices, 5 ms timing and 10 ms timing for 30 GHz.

Proposal 1: DMRS sequence consists of two types:
-Type1: DMRS timing sequence, which is used for indicating timing information, at least depends on Cell ID and the number of DMRS timing sequences required for indicating timing information.
-Type2: DMRS non-timing sequence, which is used for estimating channel coefficient and demodulating DMRS timing sequences, is a certain sequence (e.g. only depends on the cell ID).

Proposal 2: DMRS mapping schemes B should be adopted for 4 GHz and 30 GHz.
- DMRS timing sequence is only mapped onto the SS BW in the first NR-PBCH symbol, and is mapped onto the whole NR-PBCH bandwidth in the second NR-PBCH symbol.
- DMRS non-timing sequence is mapped onto the first NR-PBCH symbol not within SS bandwidth, it can combine SSS sequence to estimate channel coefficient and frequency sequences (i.e. DMRS timing sequences) correlation can be done after equalization.

3. Conclusions
Based on the discussion, we have the following proposals and observations:
Observation 1: Non-coherent detection algorithm can not meet detection performance requirement of DMRS timing sequences.
Observation 2: Coherent detection should be considered for indicating timing information indices by DMRS timing sequences.
Proposal 1: DMRS sequence consists of two types:
-Type1: DMRS timing sequence, which is used for indicating timing information, at least depends on Cell ID and the number of DMRS timing sequences required for indicating timing information.
-Type2: DMRS non-timing sequence, which is used for estimating channel coefficient and demodulating DMRS timing sequences, is a certain sequence (e.g. only depends on the cell ID).

Proposal 2: DMRS mapping schemes B should be adopted for 4 GHz and 30 GHz.
- DMRS timing sequence is only mapped onto the SS BW in the first NR-PBCH symbol, and is mapped onto the whole NR-PBCH bandwidth in the second NR-PBCH symbol.
- DMRS non-timing sequence is mapped onto the first NR-PBCH symbol not within SS bandwidth, it can combine SSS sequence to estimate channel coefficient and frequency sequences (i.e. DMRS timing sequences) correlation can be done after equalization.
[bookmark: OLE_LINK59][bookmark: OLE_LINK60]
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5. Appendix
5.1 Simulation parameters
Table 1 Link-level Evaluation Assumptions
	Parameter
	Value

	
	For below 6GHz
	For above 6GHz

	Carrier Frequency
	4GHz
	30GHz

	Subcarrier spacing
	30kHz
	120kHz

	Number of antenna port
	1
	1

	UE speed
	3 km/h 
	3 km/h

	Channel Model
	CDL-C, AWGN, with delay scaling values of 100 ns for 4 GHz, 30 ns for 30 GHz 

	SNR
	-6 dB

	The mapping order of SS blocks
	PSS-PBCH-SSS-PBCH

	DMRS density
	1/3 (i.e. 4 REs per PRB)


Notes: we assumed the target SNR of -6 dB includes beamforming gains for 30 GHz carrier frequency.
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