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Introduction
3GPP RAN1 #89 meeting made the following agreements about the NR-PBCH DMRS design:
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: _Ref178064866]In this contribution, we will discuss the NR-PBCH DMRS design issues, including the DMRS RE mapping pattern, average frequency domain RE density and sequence generation scheme. 
Discussion
[bookmark: _Ref480811488]NR-PBCH DMRS RE mapping  
According to the agreement, the DMRS for NR-PBCH would be mapped on every NR-PBCH symbol in the SS block. Note that the DMRS REs in the symbols can be aligned or staggered as illustrated in Figure 1, where the SS block composition Option 2 in [1] is illustrated. 
[image: ]
				     (a) Aligned DMRS REs	      (b) Staggered DMRS REs 	
[bookmark: _Ref484789455]Figure 1 DMRS REs alignment in multiple symbols in a SS block 
Since the DMRS for NR-PBCH is used not only for the channel estimation, but also the frequency error refinement after initial synchronization from NR-PSS/NR-SSS, the aligned pattern is easier for providing the phase shift estimation before channel estimation without extra interpolation than the staggered pattern.
[bookmark: _Toc484807019][bookmark: _Toc484808731][bookmark: _Toc485320479][bookmark: _Toc485375016][bookmark: _Toc485396841][bookmark: _Toc485398258][bookmark: _Toc485404454][bookmark: _Toc485404642][bookmark: _Toc485403633][bookmark: _Toc485404984][bookmark: _Toc485405042][bookmark: _Toc485425981]The aligned DMRS REs pattern in multiple symbols is preferred for the frequency error refinement with less complexity.
[bookmark: _Toc481063475][bookmark: _Toc481071807][bookmark: _Toc481077299][bookmark: _Toc481520290]Only a single antenna port based transmission scheme is supported for the NR-PBCH, and the same antenna port is defined for NR-PSS, NR-SSS and NR-PBCH within an SS block. Then, NR-SSS can be used in addition to the DMRS to improve the channel estimation in the NR-PBCH sub-band overlapping with the NR-SSS, while channel estimation in the sub-bands outside the frequency range of the NR-SSS must rely on the DMRS only. Two possible DMRS pattern are shown in Figure 2, both with average DMRS density of 3 REs/OFDM symbol(OS)/PRB, where option 1 is an even spaced pattern and option 2 is an un-even spaced pattern where the 6 PRBs on either side of NR-SSS have the density of 4 REs/OS/PRB, and the middle 12 PRBs overlapping with NR-SSS have the density of 2 REs/OS/PRB. 
[image: ]
(a) Option 1: even-spaced DMRS REs 
[image: ]
(b) Option 2: uneven-spaced DMRS REs
[bookmark: _Ref484790500]Figure 2 Even and un-even spaced DMRS REs
In the receiver, the even-spaced DMRS RE pattern is better for simplifying the channel estimation algorithm, e.g., DFT-based channel estimation, than the uneven-spaced pattern. If using a traditional 2D-MMSE channel estimation algorithm, the processing gain on the different sub-bands varies for the uneven-spaced pattern. However, the coefficients should be trained for this algorithm and with the emphasis on one-shot detection for the NR-PBCH, training the algorithm is more difficult. Hence, from the aspect of the channel estimation complexity, we have the following proposal:  
[bookmark: _Toc484807020][bookmark: _Toc484808732][bookmark: _Toc485320480][bookmark: _Toc485375017][bookmark: _Toc485396842][bookmark: _Toc485398259][bookmark: _Toc485404455][bookmark: _Toc485404643][bookmark: _Toc485403634][bookmark: _Toc485404985][bookmark: _Toc485405043][bookmark: _Toc485425982]The even-spaced DMRS REs facilitate the simpler channel estimation algorithm. 
NR-PBCH DMRS average density
In this section, different average DMRS densities of 2, 3, 4 and 6 REs/OS/PRB with the even-spaced pattern are evaluated with practical and one-shot channel estimation algorithm. The payload size of NR-PBCH is assume to be 50 with CRC attached, using Polar coding as the channel code. The NR-PBCH RE mapping Alt.2 is used, where., the coded bits are mapped to one OFDM symbol and copied to the other symbol after modulation. The maximum initial frequency error is ±5ppm, which would be estimated and compensated from the NR-PSS and NR-SSS with the assumption of SS block composition Option 2, i.e., NR-SSS is two OFDM symbols behind NR-PSS[1]. The simulation results with different delay spreads and UE speeds are shown in Figure 3. 
[image: ][image: ]
		   (a) TDL-C 100ns, 3km/h					        (b) TDL-C 300ns, 3km/h
[image: ] [image: ]
   (c) TDL-C 100ns, 100km/h					 (d) TDL-C 300ns, 100km/h
[bookmark: _Ref485395730]Figure 3 NR-PBCH BLER performance with different DMRS densities
With the denser DMRS REs, the channel estimation accuracy can be improved, but the coding rate will be higher since less number of REs is available for NR-PBCH data. It is necessary to have a trade-off between the channel estimation accuracy and the coding rate. From the simulation results, as expected, 6 REs/OS/PRB has the worst performance for the highest coding rate, and 2 REs/OS/PRB results in the lower channel estimation accuracy in the frequency domain, which can be observed from (b) and (d) with the larger delay spread. In the results, 3 and 4 REs/OS/PRB have very close performance for all selected scenarios. Then, we have the following observation:
[bookmark: _Toc484684183][bookmark: _Toc484684359][bookmark: _Toc484702642][bookmark: _Toc484770623][bookmark: _Toc484807023][bookmark: _Toc484808729][bookmark: _Toc485320484][bookmark: _Toc485375032][bookmark: _Toc485396837][bookmark: _Toc485398256][bookmark: _Toc485404452][bookmark: _Toc485404640][bookmark: _Toc485403630][bookmark: _Toc485404981]Average DMRS densities of 3 and 4 REs/OS/PRB shows close performance for the selected scenarios. 
Based on the observation from the simulation results, we propose 3 REs/OS/PRB as the average DMRS density. With 3 REs/OS/PRB, the number of DMRS REs in one OFDM symbol, i.e., the length of DMRS sequence, is 72, and there are 216 REs available for NR-PBCH payload in one OFDM symbol. 
[bookmark: _Toc484807018][bookmark: _Toc484808730][bookmark: _Toc485320481][bookmark: _Toc485375018][bookmark: _Toc485396843][bookmark: _Toc485398260][bookmark: _Toc485404456][bookmark: _Toc485404644][bookmark: _Toc485403635][bookmark: _Toc485404986][bookmark: _Toc485405044][bookmark: _Toc485425983]Consider the frequency domain DMRS RE density of 3 REs/OS/PRB.
NR-PBCH DMRS sequence 
According to the agreement, the DMRS sequence is generated at least from cell-ID, which is derived from NR-PSS and NR-SSS sequence detection. To avoid unnecessary complexity, it is better for the UE to generate the DMRS sequence directly for the further process, such as phase shift and channel estimation. If extra information, e.g., SS block time index, is delivered by DMRS sequence, it is hard to check whether it is correctly detected or not if it is not designed robust enough. 
Therefore, we suggest not to introduce additional information on the DMRS sequence, and the pseudo-random sequence, which is initialised with the cell-ID, can be selected as the DMRS sequence.
[bookmark: _Toc484807022][bookmark: _Toc484808734][bookmark: _Toc485320483][bookmark: _Toc485375020][bookmark: _Toc485396845][bookmark: _Toc485398261][bookmark: _Toc485404457][bookmark: _Toc485404645][bookmark: _Toc485403636][bookmark: _Toc485404987][bookmark: _Toc485405045][bookmark: _Toc485425984]The pseudo-random DMRS sequence is initialised with the cell-ID only and no additional information is delivered using the DMRS.
Conclusion
Based on the disucssion in Section 2, we have the following observation:
Observation 1	Average DMRS densities of 3 and 4 REs/OS/PRB shows close performance for the selected scenarios.
Based on the discussion in Section 2,  we propose the following:
[bookmark: _GoBack]Proposal 1	The aligned DMRS REs pattern in multiple symbols is preferred for the frequency error refinement with less complexity.
Proposal 2	The even-spaced DMRS REs facilitate the simpler channel estimation algorithm.
Proposal 3	Consider the frequency domain DMRS RE density of 3 REs/OS/PRB.
Proposal 4	The pseudo-random DMRS sequence is initialised with the cell-ID only and no additional information is delivered using the DMRS.
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