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[bookmark: _Ref471367327]Introduction
[bookmark: _Hlk489610441]For NR-PBCH design, the following was agreed in RAN1 NR Ad-Hoc#2:
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


A few remaining details for NR-PBCH design is discussed below, including the DMRS design, scrambling and SS block time index indication within NR-PBCH. 
[bookmark: _Ref178064866]Discussion
[bookmark: _Toc468450825]NR-PBCH DMRS design
According to the agreement on the density and the pattern, the mapping of NR-PBCH DMRS within a SS block with two NR-PBCH OFDM symbols is illustrated in Figure 1, where  is the first OFDM symbol index of the -th SS block. 
[image: ]
[bookmark: _Ref490036610]Figure 1 Mapping of NR-PBCH DMRS in a SS block with two NR-PBCH OFDM symbols
Sequence generation
The pseudo-random sequences to be used as DMRS sequence are defined by a length-31 Gold sequence as the same as that in LTE. The output sequence  of length , where , is defined by



where , and the first m-sequence shall be initialized with  The initialization of the second m-sequence is denoted by  with the value depending on the application of the sequence.
[bookmark: _Toc489994178][bookmark: _Toc490041742][bookmark: _Toc490053062][bookmark: _Toc490062043][bookmark: _Toc490063681][bookmark: _Toc490160626][bookmark: _Toc490236766][bookmark: _Toc490245534][bookmark: _Toc490246089][bookmark: _Toc490246142]The LTE pseudo-random sequence is used as the NR-PBCH DMRS sequence
From the pseudo-random sequence, the reference signal sequence  for every  SS blocks is defined by
 
where  is the maximum number of SS blocks in one SS block set to be indicated by this sequence, e.g.,  if 3 bits of SS block time index need to be indicated by DMRS sequence.  is the number of PRBs for NR-PBCH, i.e., . Note that the pseudo-random sequence generator for the DMRS sequence shall be initialized with

at the start of every  SS blocks. In this way, the  SS blocks would share the same sequence, and UE can generate the sequence once detecting the cell-ID from NR-PSS and NR-SSS. 
[bookmark: _Toc490041743][bookmark: _Toc490053063][bookmark: _Toc490062044][bookmark: _Toc490063682][bookmark: _Toc490160627][bookmark: _Toc490236767][bookmark: _Toc490245535][bookmark: _Toc490246090][bookmark: _Toc490246143]The pseudo-random sequence generator is initialized with the cell-ID at the start of every  SS blocks.
Mapping to resource elements
The reference signal sequence  shall be mapped to complex-valued modulation symbols  used as the reference symbols in SS block ,  according to 

where


where  and  denote the first subcarrier index and OFDM symbol index of the SS block, , respectively. With the typical values of  and , the DMRS sequences in every SS blocks are illustrated in Figure 2, where a long sequence with length of 1152 is generated according to the cell-ID, and different segments of the long sequence is used to indicate different SS block time index. 
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[bookmark: _Ref490039011]Figure 2 Select different segments of the long sequence to indicate different SS block time indices
[bookmark: _Toc490062045][bookmark: _Toc490063683][bookmark: _Toc490062046][bookmark: _Toc490063684][bookmark: _Toc490062047][bookmark: _Toc490063685][bookmark: _Toc490041744][bookmark: _Toc490053064][bookmark: _Toc490062048][bookmark: _Toc490063686][bookmark: _Toc490160628][bookmark: _Toc490236768][bookmark: _Toc490245536][bookmark: _Toc490246091][bookmark: _Toc490246144]Different segments of the long pseudo-random sequence are used to indicate different SS block time index.
NR-PBCH scrambling
In LTE, the scrambling sequence on the coded bits of PBCH is used to indicate the SFN within a TTI. We’d like to reuse this design for the scrambling on NR-PBCH. 
Assume the coded bits are , where is the number of coded bits, i.e.,  according to the agreed RE mapping scheme and DMRS density for a case of two NR-PBCH OFDM symbols. The bits are further scrambled and transmitted in the -th half-frame in radio frame  according to
,
where the scrambling sequence  is initialized with  in each radio frame fulfilling .
[bookmark: _Toc489994180][bookmark: _Toc490041745][bookmark: _Toc490053065][bookmark: _Toc490062049][bookmark: _Toc490063687][bookmark: _Toc490160629][bookmark: _Toc490236769][bookmark: _Toc490245537][bookmark: _Toc490246092][bookmark: _Toc490246145]Different segments of a long pseudo-random sequence are used to scramble the NR-PBCH coded bits in the different target half frames.
SS block time index indication within NR-PBCH
In this section, the SS block time index indication within a NR-PBCH TTI is described based on the proposed DMRS sequence, NR-PBCH scrambling sequence and explicit bits in NR-PBCH payload. 
In the agreements, for the frequency range less than 6GHz, the maximum number of SS blocks to be indicated in a 5ms half frame, i.e., SS burst set, is eight, which can be indicated by the DMRS sequence only. However, for the frequency range higher than 6GHz, the maximum number of SS blocks is 64, which need further explicit bits to indicate in the NR-PBCH payload. For that purpose, the extra three bits to indicate the SS blocks are attached with the MIB and other L1 payload as illustrated in Figure 3. 
[image: ]
[bookmark: _Ref490049727]Figure 3 Extra three explicit bits to indicate the remaining SS block time index are attached within NR-PBCH payload
[bookmark: _Toc490053066][bookmark: _Toc490062050][bookmark: _Toc490063688][bookmark: _Toc490160630][bookmark: _Toc490236770][bookmark: _Toc490245538][bookmark: _Toc490246093][bookmark: _Toc490246146]Three explicit bits are attached within NR-PBCH payload to indicate part of SS block time index in a 5ms half frame.
Thus, with the explicit bits and implicit indication with DMRS sequence, it is necessary to well define the usage of either indication. As proposed in [1], we define every continuous four slots as a slot-group, which contains eight SS block positions. There are eight slot-groups in a SS burst set for the frequency range higher than 6GHz, and have at most one slot-group for the frequency range lower than 6GHz.
Then, there are two options to use these two kinds of indication:

[image: ]
(a). Option A: explicit bits indicate slot-group index and DMRS sequence indicates SS block index
[image: ]
(b). Option B: DMRS sequence indicate slot-group index and explicit bits indicate SS block index
[bookmark: _Ref490052164]Figure 4 Illustration on the explicit and implicit indication on SS block time index within a 5ms half frame in case of 120kHz subcarrier spacing
· Option A: To use the explicit bits in a NR-PBCH payload to indicate the slot-group index within a 5ms half frame and use the DMRS sequence to indicate the SS block within a slot-group as illustrated in Figure 4 (a), where 120kHz subcarrier spacing is assumed. With this option, the explicit bits only make sense for the higher frequency range, i.e., from 6GHz to 52.6GHz, to indicate more slot-groups. The SS block time index is derived from the blind detection on the DMRS sequence for the UE working below 6GHz.  
· Option B: To use the explicit bits in a NR-PBCH payload to indicate the SS block within a slot-group and DMRS sequence to indicate the slot-group index within a 5ms half frame as illustrated in Figure 4 (b) with 120kHz subcarrier spacing assumption. With this option, the explicit bits make sense for all frequency range, and UE has to successfully detect NR-PBCH to derive the SS block time index, even in the low frequency range. The same DMRS sequence can be used for all SS blocks in a slot-group.  
Option A can potentially derive SS block time index from DMRS sequence without decoding NR-PBCH than Option B, but the detected time index still needs to be checked by the NR-PBCH decoding with CRC. On the other hand, the DMRS sequences of all SS blocks in one slot-group is the constant and same for the frequency range less than 6GHz, which can avoid blind detection on the sequence. Therefore, we propose Option B to use the explicit bits and DMRS sequence to indicate different kinds of SS block time index.  
[bookmark: _Toc490053067][bookmark: _Toc490062051][bookmark: _Toc490063689][bookmark: _Toc490160631][bookmark: _Toc490236771][bookmark: _Toc490245539][bookmark: _Toc490246094][bookmark: _Toc490246147]Using DMRS sequence to indicate slot-group index and explicit bits indicate SS block index in a slot-group.
Conclusion
Based on the discussion in section 2 we have the following proposals as:
Proposal 1	The LTE pseudo-random sequence is used as the NR-PBCH DMRS sequence
Proposal 2	The pseudo-random sequence generator is initialized with the cell-ID at the start of every  SS blocks.
Proposal 3	Different segments of the long pseudo-random sequence are used to indicate different SS block time index.
Proposal 4	Different segments of a long pseudo-random sequence are used to scramble the NR-PBCH coded bits in the different target half frames.
Proposal 5	Three explicit bits are attached within NR-PBCH payload to indicate part of SS block time index in a 5ms half frame.
Proposal 6	Using DMRS sequence to indicate slot-group index and explicit bits indicate SS block index in a slot-group.
[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref485132967][bookmark: _Ref489866894][bookmark: _Ref480875777]R1-1711373, “Timing indication based on SS block”, Ericsson, 3GPP TSG-RAN WG1 NR Ad-Hoc#2, Qingdao, P.R. China, 27th – 30th June 2017
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