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1. Introduction
In 3GPP RAN1 AH#2 meeting, the following agreements on NR-PBCH and time index indication mechanism have been made [1]:
Agreements: 
· Working assumption: 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
· FFS: details of  scrambling of the PBCH which may or may not carry a part of timing information
· FFS: 5 ms half radio frame interval indication
· Remaining bits of the timing information are carried explicitly in the NR-PBCH payload

Agreements:
· An indication related to the synchronization information  is provided to the UE
· When there is the indication for a carrier, UE can utilize serving cell timing to derive the index of SS block transmitted by neighbour cell (e.g., radio frame or SFN or symbol level synchronization)
· Note that it is up to RAN2 how to provide this indication
· Note that it is up to RAN4 about the feasibility of synchronization and its requirement

Agreements:
· For the case of 2 PBCH symbols within the SS block: PSS-PBCH-SSS-PBCH
· PBCH RE mapping: Alt. 1, NR-PBCH coded bits of the NR-PBCH code block(s) are mapped across REs in N PBCH symbols, where N is the number of PBCH symbols in a NR-SS block

Working assumption:
· Sequence type: Gold sequence
· If cross correlation issues are found, other sequences can be considered
· Sequence initialization from cell ID, and 2 or 3 bits from time identification 
· Different sequences in the N NR-PBCH symbols
· FFS: Using longer sequence, different mapping, different initialization etc.

Agreement:
· Equal DMRS density across NR-PBCH with 3 RE/PRB/Symbol

Agreement:
· DMRS have the same RE position in all NR-PBCH symbols

After that, an Email discussion on DMRS sequence for NR PBCH was kicked off to collect the views from different companies and accelerate the progress on NR-PBCH [2].
Conclusions:
· Companies are encouraged to provide the following information on NR PBCH DMRS sequence until 28th July  in order to finalize the design – Daewon (Intel)
· Sequence generation related parameters
· Gold Code LFSR size
· Gold Code Polynomials
· initial state configuration
· output shift offset (e.g. Nc in LTE)
· Sequence Modulation
· Sequence mapping to NR PBCH DMRS RE positions
· Exact NR PBCH DMRS RE positions within the NR PBCH resource
· Some examples of the information are shown in R1-1711943

In this contribution, we provide our views on NR-PBCH DMRS design and time index indication mechanism. More specifically, we analyse and discuss the candidate options of each topics. Finally, we make some observations and proposals. 
[bookmark: _Ref481753149]2. PBCH DMRS design  
According to the progress made up to last meeting, several aspects of PBCH DMRS have been determined, including the relationship between SS block time index and PBCH DMRS, DMRS sequence type, DMRS density and basic rules on sequence initialization and DMRS RE mapping, etc.. The remaining aspects on details of PBCH DMRS are captured in the subsequent [NRAH2-05] Email discussion on DMRS Sequence for NR PBCH [2]. In terms of specification, the remaining aspects of PBCH DMRS can be divided into two categories: (1) sequence generation; (2) mapping to the resource elements. In addition, the PBCH DMRS sequence initialization is discussed separately due to its relationship with SS block time index. In the following subsections, we discuss these three aspects respectively.

2.1 Sequence generation 
In LTE, all the downlink reference signals, including CRS and DMRSs, adopt the same Pseudo-random sequences, which are defined by a length-31 Gold sequence. These reference signals are separated by their different initializations. In terms of hardware implementation, the above design can reuse the structure of the sequence generation.
To retain the benefits, NR should also adopt the similar design, which means all the downlink reference signals use the same sequence other than different initializations. Of course, PBCH DMRS is no exception. So the sequence should be designed jointly. Note that working assumption has been made last meeting that Gold sequence is used for PBCH DMRS unless this sequence type raise cross correlation issues. The joint design of sequence generation for all downlink reference signals should take the working assumption on PBCH DMRS into consideration.
For simplicity, NR can reuse the sequence generation of LTE unless it raises some issues. Constant modulus modulations like BPSK and QPSK are preferred for sequence modulation.

Observation 1: In LTE, all the downlink reference signals CRS and downlink DMRSs adopt the same Pseudo-random sequences, which are defined by a length-31 Gold sequence. The only differences are the initialization of these reference signals. 
Proposal 1: In NR, all the downlink reference signals should be designed jointly to reuse the same sequence generation.
Proposal 2: In NR, PBCH DMRS use its unique initialization.

2.2 Sequence initialization 
According to the progress in last meeting, PBCH DMRS should be initialized by Cell ID, 2 or 3 bits from time identification. Actually, the 2 or 3 bits from time identification are the bits chosen from the SS block time index within the SS burst set. 
It is agreed that the total number of Cell ID in NR is 1008. 2 or 3 bits mean 4 or 8 candidate sequences for each Cell ID. 
From the UE side, the Cell ID is obtained by PSS detection and SSS detection. For PBCH demodulation, PBCH DMRS detection should be performed firstly. In PBCH DMRS detection, the received PBCH DMRS is cross correlated with the 4 or 8 candidate modulated sequences and output the most likely candidate modulated sequence. The index of the output sequence represent the 2 or 3 bits carried by PBCH DMRS. The candidate modulated sequences for PBCH DMRS should have a good cross correlation characteristic to guarantee the detection performance.

Observation 2: The candidate sequences for PBCH DMRS should have good cross correlation characteristic to guarantee the PBCH DMRS detection performance.
Proposal 3: For sequence initialization of PBCH DMRS, the cross correlation characteristic of the corresponding candidate modulated sequences should be considered.

2.3 PBCH DMRS RE mapping  
For PBCH DMRS RE mapping, different sequences are mapped in the N NR-PBCH symbols. In addition, these sequences in the N NR-PBCH symbols have the same positions. The remaining aspects to be determined are listed as follows:
· Sequence mapping to NR PBCH DMRS RE positions
· Exact NR PBCH DMRS RE positions within the NR PBCH resource
For the first aspect, several options are FFS, including using longer sequence, different mapping and different initialization etc. In terms of the performance of cross correlation of the PBCH DMRS, using longer sequence is preferred. With the determined density, the length of a PBCH DMRS sequence is 144. 
For the second aspect, assuming that the index of left bottom RE of a single SS block is taken as reference. In a single SS block, the RE is indexed in frequency axis first and then time axis in ascending order as shown in Figure 1.  Since the density of PBCH DMRS has been determined as 3 RE/RB/OS, only its start position need to be determined in each NR PBCH symbol. 
In LTE, frequency shift related to the Cell ID is adopted for CRS to reduce the interference from neighbor cells. To retain this benefit, frequency shift based on the Cell ID is preferred for PBCH DMRS. For the density of PBCH DMRS is 3 RE/RB/OS, the frequency shift maybe Cell ID mod 4. The frequency shift can be used as the start position of PBCH DMRS in each NR PBCH symbol as shown in Figure 1.



Figure 1 NR PBCH DMRS RE mapping 

Observation 3: In LTE, frequency shift related on Cell ID is adopted for CRS to reduce the interference from neighbor cells.
Proposal 4: Using longer sequence is preferred for the sequence mapping to NR PBCH DMRS RE positions.
Proposal 5: Using the frequency shift defined as Cell ID mod 3 as the start position of PBCH DMRS in each PBCH symbol.

3. Time index indication mechanism  
For NR time index indication mechanism, Figure 2, which is cited from the Chairman’s notes of 3GPP RAN1 AH#2 and created by Qualcomm, can provide a clear illustration.
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[bookmark: _GoBack]Figure 2 Time index indication [1] 
As shown in Figure 2, the total time index can be divided into 3 parts: BCH TTI resolution, Burst set index within BCH TTI and SS block index within burst-set. According to the working assumption made in last meeting, the following conclusions can be made.
(1) The 7 MSB of SFN , which represent BCH TTI resolution, are carried explicitly in the NR-PBCH payload.
(2) The 3 LSB of SFN , which represent radio frame resolution, are FFS.
(3) The bit , which represents 5ms half radio frame interval indication, is FFS.
(4) 3 or 2 bits of SS block time index within burst-set  are carried by changing the DMRS sequence within each 5ms period.
(5) Which 3 or 2 bits of SS block time index within burst-set  are chosen is FFS.
(6) The remaining 3 or 4 bits of SS block time index within burst-set  are carried explicitly in the NR-PBCH payload.
So there are 3 remaining FFS issues, including 3 LSB of SFN , The 5ms half radio frame interval indication bit , and the choice of 3 or 2 bits of SS bloc time index . In the following subsections, the 3 remaining FFS issues are discussed respectively.

3.1 3 LSB of SFN 
In LTE, the PBCH TTI is 40 ms. So the 8 MSB of SFN are carried explicitly in MIB, and the remaining 2 LSB of SFN are carried by scrambling of the PBCH codeword. There are 4 hypothesis on the scrambling in PBCH demodulation.
In NR, the PBCH TTI is 80 ms. So the 7 MSB of SFN are carried explicitly in NR-MIB. For the carry of the remaining 3 bits of SFN, there are two options.
Option 1: the remaining 3 LSB of SFN is carried by scrambling of the PBCH codeword. There are 8 hypothesis on the scrambling in PBCH demodulation. 
Option 2: the 3rd and 2nd LSB of SFN  are carried by scrambling of the PBCH codeword. There are 4 hypothesis on the scrambling in PBCH demodulation. The bits  represent 20 ms granularity. The remaining bit  is carried explicitly in NR-MIB, which means the PBCH in two adjacent radio frames within the PBCH TTI are different in one bit.
It is observed that Option 1 is simple and straight. While Option 2 has less number of hypothesis on the scrambling in PBCH demodulation, which can reduce the UE complexity.

Observation 4: Option 1 is simple and straight.
Observation 5: Option 2 has less number of hypothesis on the scrambling in PBCH demodulation, which can reduce the UE complexity.

3.2 5ms half radio frame interval indication bit  
In LTE, the 5ms half radio frame interval indication bit  is carried by SSS. In the two half frame within a radio frame, the two SSSs use different interleaving rule to indicate the 5 ms interval. For SSS detection, 2 hypothesis on the 5 ms indication need to be performed.
In NR, there are 2 options on the carry of 5ms half radio frame interval indication bit .
Option 1: the 5ms half radio frame interval indication bit  is carried implicitly using similar method as LTE, such as SSS and/or PBCH DMRS. Using this method, the size of NR-MIB can be reduced by one bit, while 2 hypothesis is needed, which may increase the UE complexity. 
Option 2: the 5ms half radio frame interval indication bit   is carried explicitly in NR-MIB, which means the PBCH in two adjacent half radio frames within a single radio frame are different in one bit. This design is simple and straight.
Observation 6: Option 1 can reduce the size of NR-MIB and increase the UE complexity yet.
Observation 7: Option 2 is simple and straight.

3.3 The choice of 3 or 2 bits of SS block time index 
Let’s refer to Figure 2 again. It is observed that the bits represent different time granularity respectively. And from left to right, the time granularity of the latter bit is half of that of the previous bit. The bit represent the smallest time granularity of 5 ms. In addition, the bits   represent the SS block time index within 5 ms.
In LTE, there are only one PSS and SSS in each 5 ms, and only one PBCH in each 10 ms. There is no concept of SS block within SS burst set of 5 ms, which means there are no bits   in LTE. So it lacks similar design for reference.
Actually, the bits   can also be assigned with time granularity similar as the previous bits. In addition, the time granularity of the bits   is finer than that of the previous bits. Figure 3 shows various SS burst set composition. For subcarrier spacing of 15 kHz and 30 kHz, there are at most 4 or 8 SS blocks within 5 ms. And for subcarrier spacing of 120 kHz and 240 kHz, there are at most 64 SS blocks within 5 ms. For smaller subcarrier spacing, it occupies longer time duration. The time duration of each SS block of smaller subcarrier spacing will contain multiple SS blocks of larger subcarrier spacing. Since at most 3 bits are needed to index the SS block for subcarrier spacing of 15 kHz and 30 kHz, it is recommended that bits with larger time granularity. 
[image: ]
[image: ]
[image: ]
Figure 3 SS burst set composition [1]
Take the maximum number of SS blocks within a SS burst set L=64 for example. The SS blocks within a SS burst set are indexed from 0 to 63 in ascending order. The decimal SS block time index is transformed into binary representation using BCD code with left MSB. In this representation, the smaller index, the finer time granularity. 
Since 3 or 2 bits are carried by PBCH DMRS, these bits can be obtained by PBCH DMRS detection before the remaining bits. If the left 3 or 2 bits are carried by PBCH DMRS, after PBCH DMRS detection, these bits can be used to get the complete timing information for Sub6GHz and roughly align the 5ms boundary for above 6GHz. If 5 ms indication is carried implicitly by SSS or PBCH DMRS, we can get roughly frame timing for above 6GHz. Note that for subcarrier spacing of 120 kHz, if 3 bits are carried by PBCH DMRS, the remaining ambiguity of timing is 0.5 ms; if 2 bits are carried by PBCH DMRS, the remaining ambiguity of timing is 1 ms. For subcarrier spacing of 240 kHz, if 3 bits are carried by PBCH DMRS, the remaining ambiguity of timing is 0.25 ms; if 2 bits are carried by PBCH DMRS, the remaining ambiguity of timing is 0.5 ms.
Conclusively, the SS blocks within a SS burst set are indexed from 0 to 63 in ascending order. The decimal SS block time index is transformed into binary representation using BCD code with left MSB. The left 3 or 2 bits are carried by PBCH DMRS. 

Proposal 6: The bits of SS block time index with SS burst set are assigned with time granularity and every bit has different time granularity.
Proposal 7: The 3 or 2 bits of SS block time index with large time granularity are recommended to be carried by PBCH DMRS.

4. Conclusion
This contribution has discussed NR-PBCH DMRS design and time index indication mechanism. More specifically, the following observation and proposals have been made:
Observation 1: In LTE, all the downlink reference signals CRS and downlink DMRSs adopt the same Pseudo-random sequences, which are defined by a length-31 Gold sequence. The only differences are the initialization of these reference signals. 
Observation 2: The candidate sequences for PBCH DMRS should have good cross correlation characteristic to guarantee the PBCH DMRS detection performance.
Observation 3: In LTE, frequency shift related on Cell ID is adopted for CRS to reduce the interference from neighbor cells.
Observation 4: Option 1 is simple and straight.
Observation 5: Option 2 has less number of hypothesis on the scrambling in PBCH demodulation, which can reduce the UE complexity.
Observation 6: Option 1 can reduce the size of NR-MIB and increase the UE complexity yet.
Observation 7: Option 2 is simple and straight.

Proposal 1: In NR, all the downlink reference signals should be designed jointly to reuse the same sequence generation.
Proposal 2: In NR, PBCH DMRS use its unique initialization.
Proposal 3: For sequence initialization of PBCH DMRS, the cross correlation characteristic of the corresponding candidate sequences should be considered.
Proposal 4: Using longer sequence is preferred for the sequence mapping to NR PBCH DMRS RE positions.
Proposal 5: Using the frequency shift defined as Cell ID mod 3 as the start position of PBCH DMRS in each PBCH symbol.
Proposal 6: The bits of SS block time index with SS burst set are assigned with time granularity and every bit has different time granularity.
Proposal 7: The 3 or 2 bits of SS block time index with large time granularity are recommended to be carried by PBCH DMRS.
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