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1. [bookmark: _Ref462751722]Introduction
[bookmark: _Ref470449758][bookmark: _Ref462751328]In RAN1 NR#2 meeting, the following agreement was reached in order to down select between Alt1 and Alt2 for the purpose of what bits can be carried by DMRS for PBCHAgreement: 
· One of the following two alternatives will be adopted (It is not precluded to adopt a different one of these alternatives below and above 6 GHz): 
· Alt1: 3 bits of SS block index are carried by changing the DMRS sequence within each 5ms period
· It can be further considered to limit the number of bits carried in this way to 2 if carrying 3 bits is shown to cause problems
· Supported by ZTE, Samsung, DOCOMO, Intel, vivo, Fujitsu, Nokia, Interdigital, Sharp, LGE, Sony (11)
· Objected by Motorola mobility, Mediatek, Qualcomm, Huawei, HiSilicon, OPPO, Lenovo (7)
· Alt2: 2 bits of SFN are carried by changing the DMRS sequence every 20ms
· Supported by Motorola Mobility, Qualcomm, CATT, Huawei, HiSilicon, Ericsson, Lenovo, OPPO (8)
· Objected by Samsung, LGE, DOCOMO, vivo, Fujitsu, Interdigital, ZTE, Nokia (8)
· RAN1 will definitely select either Alt. 1 or Alt. 2 until Friday, and all proponents are recommended to have following additional evaluations
· Individual pair of cell ID with the condition of worst case
· Random cell ID association with the separation of worst case DMRS pairs to different frequency shift position



We raised two main observations and points:
1. Interference randomization is very important for DMRS, e.g. by different DMRS sequence every 20ms within 80ms BCH TTI. Hence DMRS automatically carry 2 bits SFN as proposed in Alt2.
2. Alt1 cannot provide reliable enough 3 bits SSB index delivery for multi-cell scenarios, especially when the interfering cell is transmitting DMRS sequence with high cross correlation with any one DMRS of target cell. 

In this contribution, we provide the evaluation results for the following three aspects:
1. DMRS sequence cross correlation CDF with and without interference randomization 
2. PBCH decoding performance for the worst-case cell ID/SSB index pair
3. Multi-cell simulation results with long delay spread channel TDL-C 1000ns (additional to the results with TDL-C 100ns in R1-1711646).




2. DMRS Cross Correlation with and without interference randomization
In Figure 1 we see inter-cell cross correlation of DMRSs on first PBCH symbol.  Blue curve plots CDF of all inter-cell x-correlations, i.e., (1008*8)(1007*8)/2 total values.  Red curve plots CDF of inter-cell x-correlations of a selected DMRS pair for all cell pairs, i.e., 1008*1007/2 total values. Specifically, the selected DMRS pairs are the ‘problematic’ DMRSs with high x-correlation. Green curve plots CDF of inter-cell x-correlation of the ‘best of 4 DRMS pairs’ for all cell pairs, i.e., 1008*1007/2 total values, where the “best of 4 DMRS pairs” is one with lowest x-correlation. 
[image: ]
[bookmark: _Ref486510740]Figure 1: DMRS Inter-cell x-correlation performance 
If DMRS is used to deliver SSB index, at least one block index will cause persistent interference drawn from the red curve; this will lead to persistent misdetection of DMRS hypo or persistent ChEst errors.  Therefore, it is desirable to have fewer DMRSs per cell and have DMRS randomization over burst-sets.
3. PBCH decoding performance for the worst-case cell ID/SSB index pair
The multi-cell simulation setup is provided in Section 6. Furthermore, UE knows the transmitted DMRS sequence (genie-aided DMRS hypo) by the cell UE intends to decode. Figure 2 provides the one-shot PBCH decoding performance in which two cells respectively transmit DMRS sequences D4 and D7; these DMRSs have the highest cross-correlation. It is shown that, when this DMRS pair collides, it causes 2-3dB PBCH decoding performance degradation, likely due to ChEst corruption (recal genie-aided DMRS hypo in this sim; with misdetection of DMRS, decoding performance in other scenarios too will be hurt.).
To study the benefits of randomized DMRS over non-randomized DMRS, we evaluated PBCH decoding performance after two burst-set (each burst-set with a single beam/SS block). In particular, we have two DMRS sequence pair setup as provided in Table 1 and Table 2: one for non-randomized DMRS and the other for randomized DMRS. From the simulation results, we observe that the randomized DMRS could provide around 2dB PBCH decoding gain when comparing with the non-randomized DMRS.
Observation 1: Interference randomization is very important to ensure reliable delivery of PBCH
[image: ][image: ]
TDL-C 100ns, 3km/h                                                    TDL-C 100ns, 120km/h
[bookmark: _Ref486519169]Figure 2: Single-shot PBCH performance
[bookmark: _Ref486519799]Table 1: Non-randomized DMRS
	
	1st burst-set
	2nd  burst-set

	DMRS of serving cell
	D4
	D4

	DMRS of interference cell
	D7
	D7


[bookmark: _Ref486519801]Table 2: Randomized DMRS
	
	1st burst-set
	2nd  burst-set

	DMRS of serving cell
	D4
	D5

	DMRS of interference cell
	D7
	D8



[image: ][image: ]
TDL-C 100ns, 3km/h                                              TDL-C 100ns, 120km/h
Figure 3: Two-shot PBCH performance

4. Additional simulation results for DMRS detection
[bookmark: _Hlk486527049]In R1-1711646, we provided the multi-cell simulation results for short delay spread channels (TDL-C 100ns). Figure 4 provides our multi-cell simulation results for a long delay spread channel TDL-C 1000ns. It is observed that the long delay spread channels have some performance degradation in multi-cell scenarios. Hence, to achieve reliable DMRS detection performance, we propose to signal only 2 bits over PBCH DMRS.  
Observation 2: DMRS cannot carry 3 bits reliably in multi-cell scenarios.
[image: ]
[bookmark: _Ref486525638]Figure 4: DMRS miss-detection performance for TDL-C 1000ns

5. Conclusion
From the simulation results, we have the following observations and proposals
Observation 1: Interference randomization is very important to ensure reliable delivery of PBCH.
Observation 2: DMRS cannot carry 3 bits reliably in multi-cell scenarios.
Proposal: DMRS carries only 2 bits. Furthermore, 2 bits of SFN are carried by changing the DMRS sequence every 20ms (Alt. 2).
6. [bookmark: _Ref486519041]Appendix
The simulation assumptions are provided in Table 3.
[bookmark: _Ref486518981]Table 3. Multi-cell simulation assumptions
	Parameter
	Assumptions

	Multi-cell setup
	2 cells (serving cell and interference cell)

	Carrier Frequency
	4 GHz

	Subcarrier Spacing
	15 kHz

	Channel Model
	TDL-C

	Delay spread
	100ns

	UE speed
	3 or 120 km/h

	Number of Tx/Rx antenna
	2/2

	Interference cell
	10dB above noise power

	SS block composition
	PSS-PBCH-SSS-PBCH

	Number of PBCH symbols
	2 (24 REs each)

	DMRS density
	Uniform 1/4 DMRS

	PBCH payload
	56 bits (including 19 CRC bits)

	Channel coding
	Polar, Nmax = 512, list decoding size = 8

	PBCH decoding
	One shot

	Channel estimation 
	Realistic, using both DMRS and SSS

	Frequency Offset
	0

	Timing Offset
	0























1

image1.emf
-30 -25 -20 -15 -10 -5 0

x-corr dB  (20log |g(c

1

,l

1

)

*

g(c

2

,l

2

)|, c

1

≠c

2

)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

Inter-cell DMRS normalized x-correlation (8 DMRS/cell)

X(c

1

,l

1

,c

2

,l

2

), c

1

≠c

2

max

l

1

,l

2

X(c

1

,l

1

,c

2

,l

2

), c

1

≠c

2

min

l

1

=l

2

4

X(c

1

,l

1

,c

2

,l

2

), c

1

≠c

2


image2.png
BLER

10

10

3
CINR (d8)





image3.png
BLER

10

10

==e==TDL-C 100ns, 120kmih, (D5,
=== TDL-C 100ns, 120kmih, (D4,
1111 TDLC 100ns, 120kmih, (D5,
=4 =TDL-C 100ns, 120kmih, (D4,

Juz)

—4#—TOL-C 100ns, 120kmv/h, (D3, D7)

07)
07)
D8)
D8)
07)

5 5 4 3 2 El [i] 1
CINR (dB)





image4.png
BLER

10

10

10

10

10

TDL-C 100ns, 3kmvh, multi-cell, 174 uniform DMRS

—— randanized DMRS

— constant DMRS

CINR (B)




image5.png
BLER

10

10

10

10

10

TDL-C 100ns, 120km/h, multi-cell, 174 uniform DMRS

—— randanized DMRS
—— constant DMRS

CINR (B)





image6.png
CcOF

03

08

07

08

0s

04

03

0z

01

CDF of CINR at 1% DMRS miss-tetection, TOL-C 1000ns 3ki/h, 1/4 DMRS, mult-cell

—sc:

SkHz, 2 bits

——SCS=15kHz, 3 bits

55
CINR(E)





